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This book focuses on the multidisciplinary management of the patient with 
multiple injuries. The second edition of this book has been modified accord-
ing to certain changes in trauma care. Trauma system changes can influence 
rescue conditions, the patient flow inside the hospital, and outcome. The 
selection of authors has been maintained as done for the first edition. All of 
them are experts in their particular fields. In addition, we have sought to 
include contributions from all over the world, thus respecting the fact that 
trauma is a global challenge.

Also, the second edition of the book has been expanded in terms of out-
come assessment for certain injury types known to be responsible for long- 
term issues. Among these are bone infections, bone defects, and certain 
fracture types.

We hope that these changes will help improve trauma care and the chal-
lenges yet to come.

Aachen, Germany  Hans-Christoph Pape, MD, FACS
Temple Terrace, FL, USA  Roy Sanders, MD
Arlington, TX, USA  Joseph Borrelli, Jr., MD

Preface

The original version of the book was revised: The affiliation of the Editor has been updated. 
The Erratum to the book is available at DOI 10.1007/978-3-662-47212-5_31
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1.1  Introduction

Injury has become a major cause of fatality and 
disability in countries of all economic levels [1]. 
Nearly 16,000 people die from injuries each day 
and for each of these fatalities, several thousand 
individuals survive with permanently disabling 
injuries [2]. In the United States, trauma-related 
costs, such as lost wages, medical expenses, 
insurance administration costs, property damage, 
and employer costs, exceed $400 billion annually 
[3]. Despite this massive financial burden, the 
real cost can only be ascertained when one con-
siders that trauma affects the youngest and most 
productive members of society [3]. Studies have 
shown that the functional outcome of trauma 
patients at 1 year or more following injury is 
below that of the normal population [4]. Many 
continue to suffer from residual problems such as 
long-term physical impairments, disabilities and 
handicaps that may even impact their ability to 
fully return to their previous work or way of life 
[4]. A substantial number of individuals who 
have suffered orthopaedic trauma may also pos-
sess less obvious forms of residual sequelae, such 
as emotional or psychosocial disabilities [5].

Reintegrating trauma patients who have 
 sustained musculoskeletal injuries into society 
requires a multidisciplinary approach [6]. 
Therefore, knowledge about the impact of 
trauma on society is essential in adopting such an 
approach to orthopaedic trauma care.
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1.2  The Psychological 
Implications of Trauma

Trauma is sudden and unexpected in nature and 
can be especially frightening for victims who 
may have lost their ability to comprehend and 
adapt to the unfamiliar situation around them [7]. 
The management of trauma, therefore, requires 
treatment not only of the immediate physical 
injuries, but also the behavioural and psychologi-
cal aspects associated with the event, which can 
severely impact patient recovery [7]. Patient psy-
chological status after orthopaedic trauma is a 
common source of complaints from patients and 
is a clinically relevant outcome [8]. As outcomes 
research has shifted its focus from physician- 
derived measures towards patient important out-
comes, evidence of psychological distress as a 
consequence of orthopaedic trauma has come to 
light [9]. Many studies have reported high rates 
of psychological distress following trauma and 
have shown a strong association between psycho-
logical status and functional outcomes [9]. Starr 
et al. [10] surveyed 580 patients who had sus-
tained orthopaedic trauma using the Revised 
Civilian Mississippi Scale for Posttraumatic 
Stress Disorder questionnaire. The authors 
reported 51 % of respondents met the criteria for 
diagnosis of posttraumatic stress disorder (PTSD) 
[10]. Moreover, patients with PTSD had signifi-
cantly higher Injury Severity Scores (ISS) and 
Extremity Abbreviated Injury Scores (EAIS) 
[10]. Crichlow et al. [11] interviewed 161 ortho-
paedic trauma patients and found that the pres-
ence of clinically relevant depression was 45 %, 
as determined by the Beck Depression Inventory 
(BDIA). The authors also demonstrated a close 
correlation between the presence of depression 
and poorer scores on functional outcome mea-
sures, such as the Short Musculoskeletal Function 
Assessment (SMFA) [11].

Not only do psychological problems such as 
PTSD and depression pose an impact on func-
tional outcomes, they also affect quality of life 
(QOL) [12]. Measures of QOL provide insight 
into how a disability may affect an individual’s 
overall well-being, such as an individual’s per-
ception of his or her position in life with respect 
to goals, standards, concerns and expectations 

[12]. In an observational study investigating the 
extent of psychological symptoms of 215 patients 
following orthopaedic trauma, Bhandari et al. [8] 
reported that one in five met the threshold for 
psychological distress in all primary dimensions 
of the SCL-90-R. In particular, phobic anxiety 
and somatization (i.e. the expression of physical 
symptoms as a result of emotional or psychologi-
cal distress) ranked high in comparison to age- 
and sex-matched population control subjects [8]. 
In terms of the relationship between psychologi-
cal problems and patients’ health-related quality 
of life, the authors found that the global severity 
of psychological symptoms were significantly 
associated with the Physical Component and 
Mental Component summary scores of the 
Medical Outcomes Study 36-item Short Form 
(SF-36) [8].

Although few other studies in the orthopae-
dic trauma literature have considered the impact 
of psychological distress on QOL following the 
acute phase of injury, studies involving patients 
with other injuries have come to similar conclu-
sions concerning this relationship. O’Donnell 
et al. [12] examined the 12-month outcomes of 
363 consecutive admissions to a Level I trauma 
service and found that an individual’s acute psy-
chological response (e.g. anxiety and depres-
sion) directly predicted QOL, as measured by 
the WHOQoL-Bref, as well as level of disabil-
ity. More specifically, anxiety and depression 
were associated with PTSD, which in turn was 
associated with lower levels of QOL and func-
tioning [12].

Psychological morbidity is common follow-
ing orthopaedic trauma and interventions are 
required to prevent further sequelae. Management 
of acute pain is of primary importance as injured 
patients are less likely to respond to psychothera-
peutic interventions [7]. In a systematic review 
and meta-analysis of randomized controlled trials 
(RCTs) of psychological interventions aimed at 
preventing or treating PTSD within 3 months of a 
traumatic event, Roberts et al. [13] found that 
cognitive behavioural therapy was significantly 
more effective than waiting list or usual care in 
reducing traumatic stress symptoms in already 
symptomatic individuals, and particularly for 
those patients who met the diagnostic criteria for 

T. Devji et al.
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PTSD; however, the magnitude of effect varied 
considerably. In the past decade, collaborative 
care (CC), a multifaceted disease management 
strategy (e.g. combined case management, phar-
macotherapy, and psychotherapy) has gained 
support due to the model’s comprehensive nature 
in treatment delivery for patients with medical 
and psychiatric disorders [14]. In a recent RCT to 
test a multifaceted CC intervention targeting 
PTSD, Zatzick et al. [14] failed to demonstrate a 
reduction in symptoms of PTSD. Also, there was 
no association of early evaluation and supportive 
intervention with attenuated PTSD symptoms for 
patients in the CC condition [14]. Further large- 
scaled CC trials are required to assess the effec-
tiveness of this intervention strategy with respect 
to PTSD, functional outcome improvements and 
cost-effectiveness [14]. From this growing body 
of research, it is evident that the trauma patient’s 
psychological state is as important as injury 
severity and physical health for injury recovery 
and long-term outcomes [12]. For a complete dis-
cussion of PTSD and psychological sequelae 
after severe trauma, please see Chap. 28.

1.3  Chronic Pain and Disability 
Due to Trauma

Chronic or ongoing pain includes several symp-
toms and conditions, including acute post- 
traumatic pain, depression, hostility, anxiety, 
sleep and rest disturbances [15, 16]. Many trauma 
patients suffer from long-term impairments, dis-
abilities and handicaps, and at least half of all 
major trauma patients are left with one or more 
residual problems [4]. Therefore, understanding 
the determinants of long-term functional conse-
quences following trauma is important in order to 
improve the chances of a patient’s recovery [4]. 
Trauma has been proposed as a causal factor or 
trigger of chronic or persistent pain [15]. Chronic 
pain affects as many as 50 million Americans and 
is one of the leading causes of disability among 
those under the age of 45 [15]. The overall pro-
ductivity lost due to chronic pain is estimated to 
be four times more than productivity lost due to 
lost workdays alone [15, 17]. In a prospective 
analysis of the prevalence and early predictors of 

chronic pain in a cohort of severe lower extremity 
trauma patients, Castillo et al. [15] found that 
more than a quarter of the study group reported 
that their pain highly interfered with daily activi-
ties. Pain also has other consequences for its vic-
tims, including psychological regression [16]. 
Those who suffer from chronic pain also use five 
times more health services than the general popu-
lation [15, 18].

As surgeons, we know that pain is an inevi-
table result of traumatic injury and the accom-
panying healing process. However, why do 
patients continue to endure pain long after they 
have been treated? The biomedical model of 
health focuses on pain as the result of a physical 
injury [19]. This makes it difficult to clinically 
explain the presence of disability after the 
pathology related to the injury has healed [19]. 
Studies focusing on trauma populations suggest 
that factors during the course of recovery other 
than the injury are critical to the development of 
persistent pain and associated functional impair-
ment [19]. Such factors include high initial pain 
intensity, PTSD, worker’s compensation status, 
education, low recovery expectations and 
depression [19]. In the aforementioned study by 
Castillo et al. [15], several early predictors of 
chronic pain were identified at baseline, includ-
ing having less than a high school education, 
having less than a college education, low self-
efficacy for return to daily activities, and high 
levels of alcohol consumption. In addition, high 
reported acute pain intensity, sleep and rest dys-
function, depression and anxiety at 3 months 
post-discharge were found to be predictors of 
chronic pain at 7 years [15].

1.4  Return to Work After Trauma

Return to work is defined as a complete or almost 
complete return to pre-injury full-time paid 
employment [20]. While traumatic injury often 
results in psychological distress and chronic pain 
for its victims, another burden it poses to society 
is the long-term impairment of its most  productive 
members and a subsequent loss of working days 
[21]. Survivors of severe injury are able to 
achieve a QOL comparable to the normal popula-

1 The Impact of Trauma on Society
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tion once they have returned to their pre-injury 
occupation [22, 23]. Because it increases an indi-
vidual’s sense of self-worth and personal fulfil-
ment, return to work is indicative of successful 
social reintegration after major trauma [20]. 
Return to work is therefore one of the most 
important methods by which to evaluate treat-
ment outcomes [16, 21]. In the United States, 
more days are lost to work as a result of chronic 
pain than any other medical reason [15]. Road 
traffic injuries in particular are a major cause of 
trauma and have resulted in greater than 1 million 
deaths and 50 million injuries worldwide [24]. In 
2001, 2.1 million people aged 18–65 were vic-
tims of car crashes in the United States [25]. 
Cumulatively, victims of these crashes lost an 
estimated 60.8 million days of work [25].

To realize the impact of trauma on society, it 
is important to consider the factors contributing 
to lost productivity among survivors of injury 
[16, 21]. Factors contributing to a delayed return 
to work include injury severity, pre-injury char-
acteristics of the patient (i.e. socioeconomic sta-
tus, self-efficacy, health habits, social support 
with respect to the home and workplace), char-
acteristics of the pre-injury occupation (i.e. 
white- versus blue-collar work, physical 
demands, tenure, job satisfaction and flexibil-
ity), motivation to work, receipt of disability 
compensation and baseline measures of physi-
cal functioning, pain, anxiety and depression 
[16, 19, 21]. Patients are especially delayed 
from returning to work if they have significant 
physical disabilities, psychosocial impairments, 
cognitive impairments or changes to their per-
sonality [20]. Recovery times can be lengthy, 
even taking longer than a year in certain cases 
[20]. Patients may also be unable to return to 
their pre-injury job due to the replacement of 
their previous roles [20]. These factors can ren-
der a return to pre-injury work status challeng-
ing for many victims of trauma and can therefore 
pose a significant financial and social burden to 
victims as well as their families [19].

The focus of return to work following victims 
of major trauma has been on returning to paid 
work, and thus evidence concerning achieve-
ment of satisfactory levels of unpaid activities 
while returning to full-time employment is 

scarce in the literature [26]. van Erp et al. [26] 
looked at four specific domains of unpaid work 
in patients who sustained a major trauma and 
were full-time employed at the time of the inci-
dent. The strongest predictors of limitations in 
these unpaid work items (i.e. household work, 
shopping, caring for children, and odd jobs 
around the house) were the percentage of perma-
nent impairment, followed by the level of par-
ticipation (return to work) [26]. Co-morbidity, 
lower limb fractures and female gender were 
also determinants of limitations in unpaid activi-
ties. Resuming paid work following major 
trauma showed not to be associated with reduc-
tions in unpaid work, that is, the hypothesis that 
limited total energy levels may cause resumed 
paid work to mitigate participation in unpaid 
activities, could not be confirmed. Individuals 
who return to full-time employment seem to 
experience few or no reductions in all four types 
of unpaid activities, whereas those who return to 
part-time work or not at all also experience sev-
eral limitations in unpaid work [26]. The results 
of this study underline the public health implica-
tions of major trauma in the setting of lost pro-
ductivity in paid work, but also, the direct impact 
on personal environments and satisfaction in the 
private lives of trauma victims [26]. Future 
research concerning return to work should 
emphasize full-time workers and also part-time 
workers, as this cohort contributes substantially 
to the economy. The effectiveness of interven-
tions that may increase return to work and patient 
satisfaction in trauma victims should also be a 
future directive of research in this area [26].

1.5  Global Trends 
and Perspectives on Trauma

Unintentional injuries, including road traffic inju-
ries, drowning, burns, poisoning and falls, are an 
increasingly significant public health issue, con-
stituting for 6.6 % of global mortality [27]. The 
growing burden of trauma is  disproportionately 
concentrated in low- and middle-income coun-
tries (LMICs) [27, 28]. According to the World 
Health Organization, in 2004 over 91 % of unin-
tentional injury-related deaths and 94 % of dis-

T. Devji et al.
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ability-adjusted life years were lost in LMICs 
[27]. The worldwide rate of unintentional injuries 
is 61 per 100,000 population per year, with the 
highest rate in the Southeast Asian region (80 per 
100,000) and lowest in the American region (39 
per 100,000) [27]. Road traffic injuries are a lead-
ing cause of global morbidity and account for the 
largest proportion of unintentional injury deaths 
(33 %), followed by falls (11 %) and drowning 
(10 %) [27]. There are apparent regional differ-
ences in the mechanism of certain injuries. For 
instance, the distribution of road traffic deaths by 
road user group varies across countries of differ-
ent income levels. A review conducted by Naci 
et al. [29] reported that road traffic fatalities 
among pedestrians are estimated to be 45 % in 
low-income countries, compared with 29 % in 
middle-income countries and 18 % in high- 
income countries. Sixty-three percent of road traf-
fic fatalities in high-income countries are among 
motorized four wheelers, 40 % in middle- income 
countries and 34 % in low-income countries. The 
global costs for road traffic injuries was estimated 
to be over US $518 billion and over US $65 bil-
lion in LMICs [30]. Most traumatic injury cost 
estimates relate to road traffic injuries; however, 
there is a critical gap in comprehensive estimates 
regarding the global economic burden of uninten-
tional injuries [27].

A consistent theme identified in trauma and 
injury research is the paucity of researchers and 
research institutions in LMICs. Despite the dis-
proportionately large burden of injury on LMICs, 
these countries are least likely to have effective 
surveillance systems implemented for monitoring 
injury trends [27]. For instance, several developing 
countries rely on hospital-based death-reporting 
systems, which undercount deaths occurring 
outside of hospitals, and in turn underestimate 
injuries [27]. Furthermore, only countries with 
highly developed health infrastructures have 
national surveillance in place for nonfatal inju-
ries, making data collection efforts on surviving 
trauma victims a sizeable challenge [27]. Thus, 
surveillance systems and population- based data 
are crucial for research and prevention efforts, as 
well as attracting the attention of policy makers 
and community leaders [27].

Ultimately, the greatest burden of injury falls 
on those countries with the weakest evidence to 
guide and implement intervention strategies, the 
scarcest resources, and the least developed infra-
structure to effect change [27]. Thus, research 
investments and acquisition for injury prevention 
and control, especially in LMICs, should concen-
trate on core areas such as, epidemiology, inter-
ventions, economic analysis, social sciences and 
policy [27]. Further insight is required regarding 
the causes, extent and nature of trauma and injury 
risks relevant to LMICs [28]. Efforts should be 
centred on improvements in diagnosis, treatment 
and innovative intervention strategies for man-
agement of acute and long-term sequelae of trau-
matic injuries [28]. Studies focused on 
understanding of the context in which trauma and 
injury occur in LMICs, development and evalua-
tion of public education strategies and effective-
ness of primary prevention will be beneficial for 
prevention of unintentional injuries on a global 
scale [28]. Defining the economical impact of 
injury-related costs on society and underlining 
the cost-effectiveness of interventions to local 
and national policy makers is necessary to influ-
ence policies pertaining to injury prevention and 
control [27]. Understanding the attitudes and per-
ceptions of people surrounding the burden of 
trauma and injury causation is imperative for 
public engagement and the success of interven-
tions [27].

 Conclusion

Although much of this chapter focused on 
trauma victims themselves as members of 
society, a final thought to consider is the 
impact of trauma on the families of victims. 
Having someone close become seriously 
injured can be an immense source of psycho-
logical stress for family members [7]. Many 
may exhibit the behaviour of ‘hovering’, 
which is defined as an initial sense of confu-
sion, distress and uncertainty prior to seeing 
the patient and understanding the diagnosis 
and prognosis [7, 31]. It can also be difficult 
for relatives to cope with their sudden change 
in role and status in the life of a loved one 
experiencing trauma [7]. Feelings of isolation 
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from other family members, financial con-
straints and transportation concerns may also 
surface. Such problems are only amplified by 
a lack of medical knowledge [7]. Hence, com-
prehensive trauma services should consider 
providing support to family members along-
side severely damaged patients. Provision of 
comprehensive care of trauma patients is 
essential. While experiencing trauma, patients 
become lost in an unfamiliar and threatening 
situation. Many become dependent, losing 
control over their environment and personal 
well- being. During the injury, treatment and 
recovery procedures, and for years afterward, 
patients can experience immense psychologi-
cal and emotional distress, chronic pain and 
resultant productivity loss. Although trauma 
can happen to anyone, its tendency to affect 
individuals during their youngest and most 
productive years poses a significant impact on 
society [3]. Therefore, knowledge about this 
impact is imperative in adopting an interdisci-
plinary approach to orthopaedic trauma care. 
It should be recognized that trauma is a global 
health burden, which is disproportionately 
concentrated in low- and middle- income 
countries. Countries with poorly established 
health infrastructures have not placed a high 
priority on injury prevention as a public health 
issue [27]. Thus, there is a large demand for 
investment in relevant research for injury pre-
vention and control, especially in developing 
countries [27].
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2.1  Introduction

Worldwide each year about 5.8 million people die 
from trauma and injuries, which accounts for 
10 % of all deaths. Hence, injuries are one of the 
most frequent causes of deaths (Fig. 2.1) and the 
trend is rinsing. In many countries, injuries are the 
main cause for death of young and middle- aged 
people [1, 2]. Furthermore, injuries are a main 
cause for lifelong disabilities. It is estimated that 
11.2 of all disability adjusted life years (DALYS) 
are caused by injuries [3, 4].1 The pandemic char-
acter [5] of injuries by itself and the fact that 
mostly working aged adults are affected shows 
clearly the burden for national economies that are 
caused by injuries.

The deaths caused by injuries and the con-
comitant loss of productivity are just the tip of 
the iceberg. In addition to injuries that result in 
death, there are even more injuries that are 
associated with health care costs of the survi-
vors because of long hospitalizations, rehabili-
tation and/or lifelong need for care because of 
disability [6, 7].

1 DALY: Sum of the Years of Life Lost (YLL: number of 
deaths x standard life expectancy at age of death in years) 
due to premature mortality in the population and the Years 
Lost due to Disability (YLD: number of incident cases x 
disability weight x average duration of the case until 
remission or death (years)) (http://www.who.int/health-
info/global_burden_disease/metrics_daly/en/).

mailto:tim.mathes@uni-wh.de
mailto:christoph.mosch@uni-wh.de
mailto:christoph.mosch@uni-wh.de
mailto:michaela.eikermann@uni-wh.de
http://www.who.int/healthinfo/global_burden_disease/metrics_daly/en/
http://www.who.int/healthinfo/global_burden_disease/metrics_daly/en/
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2.2  Cost of Illness

Like any other illness, each trauma that is treated 
in primary care facilities, emergency departments 
or hospitals involves the use of medical resources. 
Most of the trauma care is very resource intensive 
because many different services and medical dis-
ciplines are involved (Fig. 2.2) partly over a very 
long period. The direct medical costs include 
cross-sectorally the treatment costs by the 
physician, nursing costs, pharmaceuticals, medi-
cal products and often intensive care measures 
like mechanical ventilation.

The largest portion of costs for trauma treat-
ment arise in the first year after occurrence (e.g. 

USA $76,210 per patient) [9]. In trauma care, 
most direct cost arise in the hospitalization 
period. Especially, the inpatient treatment of 
multiple trauma is associated with high consump-
tion of medical resources (e.g. UK £20.742 per 
patient, Germany € 21.866 per patient) [10, 11].

Even after 1 year, the treatment of the long- 
term consequences of major trauma like pain 
treatment or rehabilitation can cause high direct 
medical costs [12, 13]. Thus, for example in the 
USA, even in the year post discharge, multiple 
trauma is associated with cost per patient of 
$78,577 [11].

The direct medical costs often make up only a 
small part of the total costs [14]. Because trauma 
often results in absenteeism, disability and prema-
ture death of young and middle-aged people, the 
costs due to loss of productivity play a mature role 
for the national economy in the total cost that arise 
by trauma and are more important than in other 
conditions were mainly older people are affected 
[2, 15]. In major trauma only about 60 % of the 
people return to full-time employment [16]. In the 
USA alone, the indirect cost because of productivity 
loss due to injuries are about $326 billion 
per annum, which is about four times more as 
much as the direct medical costs in the treatment of 
these patients [17]. These estimates do not include 
the intangible cost that can be associated with 
trauma. Also if there is no disability that prevents 
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the patients from work, there are intangible costs 
for patients due to reduced quality of life [14].

All together, injuries make up a large propor-
tion of the gross national product of national 
economies. The World Health Organization 
(WHO) estimates that the cost for traffic injuries 
by itself amount between 1 and 2 % of the gross 
national product in low- and high-income coun-
tries, respectively [18]. Apart from the costs of 
injuries for the society, if the main wage earner is 
affected by the incapacity to work, the resulting 
loss of income may mean a poor financial situa-
tion for all persons living in the household.

2.3  Prevention

Nearly 25 % of the injuries are caused by road 
traffic injuries. Road traffic injuries and also 
other unintentional injuries (e.g. falls) are pre-
ventable in most cases [1]. Therefore, injuries 
should be considered like diseases (such as can-
cer) as public health problems that are often pre-
ventable and respond to targeted interventions [18]. 
Although the improving in trauma care in west-
ern countries the prevention has a particular 
importance considering that many injuries are 
preventable plus the high cost for trauma care and 
loss of productivity. For middle- and low-income 
countries, it is estimated that only if the preven-
tion effort and trauma care is increased so that the 
mortality caused by injuries is on the same level 
as in high-income countries, the economic bene-
fit is about $250 billion.

2.4  Economic Evaluation 
of Health Technologies 
in Trauma Care

Economic evaluations compare the costs and 
benefits (e.g. quality of life, mortality) of a cer-
tain health technology2 [19], which means that 

2 The application of organized knowledge and skills in the 
form of devices, medicines, vaccines, procedures and sys-
tems developed to solve a health problem and improve 
quality of life. It is used interchangeably with health-care 
technology.

the inputs and outputs are assessed at the same 
time. An incremental cost-effectiveness ratio 
(ICER) is calculated based on the differences of 
the effects/benefits and the difference of costs 
between the compared health technologies 
(Eq. 2.1) [20].

 
ICER

Cost Cost

Effects Effects
a b

a b

=
-
-  

(2.1)

The results are associated with different decisions 
depending on differences between costs and the 
differences between effects of the compared 
health technologies (Fig. 2.3). Under the assump-
tion that the existing standard of care is mostly 
replaced only by health technologies with higher 
benefits, in particular, the decision in the case of 
higher cost and higher benefits is difficult 
because it implies that a decision about the value 
of an additional unit of benefit has to be made. 
This value for an additional unit of benefit should 
reflect the individual value of the respective 
society [22].

Economic evaluation of health technologies 
for trauma care is difficult because the health 
technologies are often more complex, compared 
to drug therapy [23] (see Fig. 2.1). The challenge 
in evaluating complex interventions arises by the 
variation of the active elements (e.g. staff charac-
teristics) of the intervention. Therefore, it is dif-
ficult to specify the health technology, to identify 
the effective components and to replicate the 
health technology in different (health care) set-
tings [24].

There is also the fact that trauma has different 
clinical pictures and disease patterns. Thus, the 
cost or cost-effectiveness can vary widely depend-
ing on many different factors like age, injury 
severity score or involved body parts [10, 25, 26].

The consequences of trauma often affect a 
long time period or even the whole lifetime of 
patients. To avoid misleading results, the eco-
nomic evaluation has to cover a sufficient time 
horizon to ensure that all benefits (increased 
quality of life) and costs associated with the 
health technology are captured [27]. For that rea-
son, long follow-ups can be necessary for appro-
priate economic evaluations. However, in clinical 
practice, long-term follow-ups are challenging or 

2 Economic Aspects of Trauma Care
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even not feasible. In such cases, the trial-based 
results should be extrapolated.

The recovery of working ability is of particu-
lar importance in trauma care in order to avoid 
productivity loss. Thus, valid estimates of the 
cost for the society should incorporate the pos-
sible savings due to reduced productive loss that 
are attributable to the health technology because 
this can lead to cost-effective results, even if the 
health technology causes substantial direct 
medical costs. Especially economic evaluations 
of health technologies that aim among other on 
the recovery of working ability like rehabilita-
tion should consider the productivity loss. 
However, often the cost for trauma services is 
high [13, 28]. Consequently, also if the indirect 
costs are incorporated, the benefit of the health 
technology has to be large to reach cost-effec-
tiveness [28].

A further consequence of the complexity 
and need for long observation periods is that 
the health technology has to be evaluated with 
an observational design because experimental 
designs are not always practicable [23]. The 
mentioned difficulties in the evaluation are 
probably one reason that many of the applied 
health technologies are not evaluated suffi-
ciently [13].

2.5  Economic Aspects 
of Multiple/Severe Injuries 
in Hospital Care

As a consequence of the differences in clinical 
pictures and disease patterns, the complex medi-
cal challenges and the variety of involved disci-
plines in the inpatient treatment of multiple or 
severe injured/poly-traumatized patients, it is 
necessary to find suitable payment modes for the 
hospitals and their single units. In health care 
systems with reimbursement to the hospitals by 
daily charges (and if any capital costs), it is 
almost uncomplicated to reward every clinical 
department in an appropriate scope. In contrast to 
that settings with an allocation of public financed 
or insurance-related budgets and a compensation 
of hospital services based on diagnosis/case- 
specific lump-sum rewards (e.g. German OR 
Australian diagnosis related groups (DRG)) 
require agreements and budget transfers within 
the hospitals itself (“income splitting”). The fact 
that the remuneration bases (apart from patients 
and services characteristics like the duration of 
mechanical ventilation) primarily on the individ-
ual discharge diagnosis has as a consequence that 
mostly the discharging unit receives the major 
part of the funds. In order to distribute this 
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amount adequately to the involved departments 
and disciplines, it demands a labour-intensive 
internal cost allocation. Due to missing market 
prices in hospitals, there are particular demands 
to quantify the rendered deliverables and services 
monetarily [29, 30]. To calculate the actual direct 
medical and non-medical costs, it is necessary to 
use the bottom-up approach. Different from the 
top-down approach (which implies the total cost 
of care and calculates the “average” arithmetic 
mean by dividing the total cost by the number of 
the affected patients), the bottom-up approach 
needs a detailed and complete itemization of ser-
vices and costs with a sophisticated acquisition, 
weighting and transparent depiction of all ser-
vices based on the respective personnel and tan-
gible use of resources [31, 32]. Moreover, this 
practice allows a structured overview of all pro-
cesses which are factually imputable to the 
treated patients.

An elementary determinant affecting the cost 
coverage of the case-based lump-sum compensa-
tion is the correct classification into the respective 
diagnosis-related case group. The heterogeneity 
of these patients and the concomitant difficulty to 
diversify the respective (diagnosis- related) case 
group impede a demand- actuated remuneration 
[33]. Additional to the actual treatment, there are 
high extra costs for specialized hospitals with 
trauma centres which are equipped to treat multi-
ple/severely injured patients who usually appear 
as an emergency on 24 h a day without any warn-
ing and a need of a broad range of clinical skills 
and resources. Already the provision of separately 
necessary structures regarding staff, facilities and 
(technical) equipment increases the intrahospital 
costs per patient immensely [34, 35]. Besides 
high expenditures especially in the shock and 
operating room as well as in the intensive care 
unit, for high-priced medications and an outstand-
ing overall length of stay, this fact can be seen as 
one important reason why the assigned lump-sum 
compensations may not cover the expenses of the 
hospitals in health care systems with a reimburse-
ment through DRGs. Different German studies 
show a significant and enduring funding gap of 
barely 4300–13,000 € per treated severely injured 
patient [10, 35–38] so that in consequence hospitals 

with particular trauma centres get into financial 
hardship or are incentived to select severe injured 
patients and to cut the treatment of such patients 
back.
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3.1  Origins

Knowledge and new information is widely 
available in more than 100 orthopaedic journals 
published around the world. They provide evi-
dence-based orthopaedic surgery, with the 
emphasis increasing every year. While it would 
be disingenuous to contend that the inception of 
evidence-based medicine occurred in its entirety 
at any discrete time, two key points are widely 
recognized as holding significant importance. In 
1967, Professor David L. Sackett founded 
Canada’s first department of clinical epidemiol-
ogy at McMaster University and developed the 
“Hierarchy of Evidence” (Fig. 3.1). In essence, 
this step placed greater value and emphasis on 
research that limits bias and confounding 
variables through elements of design and meth-
odology. This model formed the foundation of 
evidence-based philosophy and remains one of its 
pillars today [1, 2].

Secondly, and years later in 1990, Professor 
Gordon Guyatt coined the term “evidence-based 
medicine” (EBM) in a document for applicants 
to the internal medicine residency program at 
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McMaster University. A year later, he intro-
duced the term to the academic literature and it 
was defined as “an attitude of enlightened skep-
ticism towards the application of diagnostic, 
therapeutic and prognostic technologies” [3]. 
Moving forward, the definition of EBM evolved 
to “the conscientious, explicit, and judicious use 
of the current best evidence in making decisions 
about the care of individual patients”. In a prac-
tical sense, it is the use of the best evidence in 
the literature combined with the preferences of 
patients and the expertise of the treating physi-
cian to facilitate medical decision making for an 
individual patient integrating clinical judgement 
and the patient’s values [4–6].

3.2  Present State

Evidence-based practice is ongoing continuous 
change with the appearance of new research, new 
technology, new ideas or even a mix of the old 
and the new put together in novel ways. A July 
2013 Pubmed search of the term “evidence-based 
medicine” produced five citations before 1993 
and 87,391 to date. The days when opinions of 
experts can effectively counter an evidence-based 
document are vanishing; decision making relies 
more on randomized controlled trials (RCTs) 
because they have demonstrated the potential to 

produce the most valid conclusions minimizing 
the effects of bias [7]. In the orthopaedic litera-
ture, historically, much of the evidence came 
from uncontrolled case series. Bhandari reported 
that as few as 3 % of the studies in the Journal of 
Bone and Joint Surgery (American Volume) 
(JBJS) were RCTs and over 70 % were level IV 
or V studies in 2000. Most recently, Hanzlik et al. 
reviewed 1,058 articles that had been published 
in JBJS over a 30-year period (1975–2005). They 
assessed levels of evidence for each study and 
found that the proportion of level I studies 
increased to 21 % in 2005 concluding that there 
was a favourable improvement in the number of 
high-quality studies in orthopaedic surgery [8, 9]. 
Also the number of systematic reviews and meta- 
analyses that have been published has substan-
tially increased in the last two decades showing 
the high regard for the most valid information in 
the evidence hierarchy [10, 11]. This will provide 
the most advanced orthopaedic care for the 
patient as well as the best and most efficient way 
in which to do so.

3.3  Evidence-Based Approach

Although the methodological quality has 
improved over time, in 2008, 68 % of published 
studies still had methodological flaws [12]. 

I
Randomized trials

II
Prospective cohort studies

III
Case control studies

IV
Retrospective case series

V
Opinion

Fig. 3.1 Hierarchy of 
evidence
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Therefore, the information may be more plenti-
ful, but it still of questionable quality. As 
evidence- based skills have been refined over 
time, an approach has been produced that allows 
a clear and concise framework from which to 
work and better use the available evidence [1, 13, 
14]. This approach has come to be known as the 
“Evidence Cycle” and consists of the five As 
(Fig. 3.2):
Ask (formulate a relevant question)
Acquire (conduct an efficient literature search)
Appraise (critically appraise the available 

evidence)
Apply (determine applicability of best evidence 

to the clinical situation)
Act (use clinical expertise to integrate the best 

available evidence with the clinical circum-
stance and the patients’ values)

3.3.1  Ask

In order to obtain a relevant answer, it is neces-
sary to begin with an appropriate question. 
Conceptually, as health-care practitioners, we ask 
two types of questions [1]. Those related to phys-
iology, pathophysiology, epidemiology, and dis-
ease/condition progression are “background” 
questions and are associated with complementary 
knowledge. Once practitioners have a thorough 

understanding of the background information, 
they should then begin to ask “foreground” 
questions including vital issues such as screen-
ing, diagnosis, prognosis, treatment alternatives, 
and possible outcomes. The answers will direct 
them in the management of specific aspects of 
patient care and have a major impact in clinical 
decision- making [1, 15]. It is important to address 
a question so it is answerable. For that, it has to 
be objective and clearly stated including a clearly 
identified group or condition, and intervention or 
specific issue, a comparison point, and an out-
come or result. To help recall these features, the 
“PICO” approach is useful:
Population
Intervention
Comparison
Outcome

So, the question “How should closed tibial 
shaft fractures be treated?” could be developed 
through the PICO approach. The question would 
become, “In adolescents with non displaced 
closed midshaft tibial fracture with intact fibula 
(population), does operative treatment with intra-
medullary nailing (Intervention) versus non- 
operative treatment with casting (Comparison) 
provide a better outcome reducing the risk of 
angular deformity (Outcome)?”.

3.3.2  Acquire

The ability to thoroughly and efficiently search 
for literature pertaining to the question is neces-
sary to make well-informed clinical decisions. 
There are presently numerous electronic data-
bases with powerful search engines necessary to 
deal with the ever-expanding volume of studies 
and trials. Pubmed (www.pubmed.com) and 
Google Scholar (www.scholar.google.com) are 
two quality and free search engines. As well, 
most academic institutions and many profes-
sional organizations have made available medi-
cal librarian services that can greatly increase 
the ease and efficiency of searching the litera-
ture. However, no one involved in daily clinical 
work is capable of reading all of these new pub-
lications. Therefore, several approaches have 

Patient

Ask

Act

Apply

Appraise

Acquire

Fig. 3.2 Evidence cycle
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been developed by readers and providers of 
knowledge; therefore, health practitioners can 
gain knowledge on a given topic in a reasonable 
timeframe [16]. Conceptually, evidence sources 
can be considered to fall into one of the follow-
ing groups:
 – Preappraised: abstracts or guidelines
 – Summarized: systematic reviews or 

meta-analyses
 – Primary studies: individual studies [17]

Preappraised sources may be useful to busy 
practising clinicians because this type of infor-
mation has undergone a filtering process to 
include only those studies of higher quality, 
regularly updated, so that the evidence we 
access through these resources is current. These 
recommendations are the result of consensus 
meetings and although not all guidelines are 
evidence based, most are based on systematic 
reviews or randomized trials. Summarized 
sources in the form of systematic reviews or 
meta-analyses are also valuable in addressing 
specific questions, but when this type or 
resource is not available, primary studies may 
be searched.

3.3.3  Appraise

An evidence-based approach to a clinician’s 
practice relies on an awareness of the evidence 
upon which the practice is based as well as the 
strength of inference and the degree of certainty 
permitted by the evidence [14]. A critical 
appraisal of the available evidence determines its 
significance and applicability to the clinical situ-
ation in question. Assigning level of evidence can 
be a rapid approach to evaluating study quality, 
by determining the following:
 – Primary question of the study
 – Study type (therapeutic, prognostic, diagnos-

tic, economic, or decision analysis)
 – Level of evidence I–V [18]

When assigning levels of evidence, greater 
agreement exists between reviewers trained in 
epidemiology; however, those without training 
still demonstrate high levels of agreement. 
Therefore, the GRADE system is an example of a 

thorough and validated model being widely 
adopted as a standard [19, 20].

3.3.4  Apply

For conceptual purposes, evidence-based practice 
has been refined as the conscientious use of the 
current best evidence in making health-care deci-
sions given the clinical circumstances. Implicit in 
this are the following components (Fig. 3.3):
 – Conscientious – requires clinical expertise
 – Current best evidence – hierarchy of evidence
 – Health-care decisions – patient values
 – Clinical circumstances – factors pertinent to 

the situation [17]
In essence, clinical judgement must be exer-

cised in deciding how to apply the evidence in a 
balanced fashion to individual patients given 
their circumstances and preferences.

3.3.5  Act

The evidence cycle begins and ends with the 
patient. A patient issue induces a question thereby 
initiating the cycle that concludes with acting on 
that patient issue.

Clinical
factors

Clinical
expertise

Patient
values

Best
research
evidence

Fig. 3.3 Model of evidence-based practice
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3.4  Challenges

Evidence-based practice is not the blind transfer-
ence of study results into clinical applications but 
the integration of the results from the best evi-
dence with the clinical circumstances and patient 
values as guided by clinical expertise. To do so, 
evidence-based medicine requires education. 
Although physicians today may have received 
some training on this topic during medical school, 
there are still many people who have received no 
formal training. The most elementary form of 
evidence-based education is on levels of evidence 
because knowing about the quality of a study and 
how to evaluate it might also motivate better 
research [21]. Another challenge resides in how 
medical literature searches have become more 
complex because of the vast amount of published 
material. It is hard to keep up with the new publi-
cations (more than 7,300 citations added weekly 
in more than 3,800 biomedical journals) turning 
it into a daunting task. Also, in orthopaedic sur-
gery, as an experience-based science, the opinion 
of leaders, experienced surgeons and some orga-
nizations still have an impact in decision making; 
therefore, a commitment to evidence-based med-
icine needs greater support of the results of well- 
designed studies encouraging high-quality 
research and further publications, even if those 
results are negative or unpopular. It means valu-
ing evidence over opinion and supporting data 
collection for quality improvement and physician 
accountability [21].

3.5  Future Directions

Although there is an overwhelming amount of 
orthopaedic knowledge available, not all ortho-
paedic surgeons know how to use it efficiently 
and acquire information with the most valid evi-
dence. It is also recognized that many issues 
related to orthopaedic trauma care will never be 
subjected to randomized trials because of the 
rarity of the event or the unique ethical or logisti-
cal limitation of the clinical circumstances. 
Therefore, most of these situations will most 
likely continue to be addressed with level 2 and 

3 studies with acceptance as the highest level of 
available evidence. The attitude to an awareness 
of evidence-based orthopaedics remains at a 
high level; young surgeons should be encour-
aged to incorporate this philosophy into patient 
care from the early stages of training, teaching 
more about EBM, and instituting critical 
appraisal of the evidence. As the world becomes 
functionally smaller, multicentre and interna-
tional trials are becoming increasingly feasible 
and will strengthen our foundation of literature 
and body of knowledge.

3.6  Models for Success 
in Orthopaedic Trauma Care

Beyond understanding, valuing, and utilizing 
evidence-based principles, studying and practis-
ing orthopaedic trauma surgery is the advanced 
act of contributing to the available body of 
knowledge in the field [22]. Evidence-based prin-
ciples must reside as a core principle, so that the 
field is on solid ground as it is advanced by its 
researchers and thought leaders. This may be 
accomplished in many ways, but important les-
sons may be learned by exploring one model of 
success where the whole has been recognized as 
greater than the sum of its part.

3.7  Origins

The Canadian Orthopaedic Trauma Society 
(COTS) [22] has been successful in producing a 
number of multicentre randomized trials in the 
field of orthopaedic trauma surgery. The humble 
beginnings of this pioneering group can be 
tracked back to a social meeting in 1990 between 
three collegial academic orthopaedic trauma 
 surgeons from different centres discussing a clin-
ical problem. Although this initial meeting did 
not produce a study of merit, it more importantly 
produced an appreciation for the potential held 
by the collaboration and communication between 
centres. COTS has now grown to consist of over 
85 members from different academic centres 
meeting at least biannually and contributing to 

3 Evidence-Based Orthopaedic Trauma Care



20

randomized trials. The functional basis of the 
group began with meetings for a study on 
the management of intra-articular fractures of the 
calcaneus [23]. This group helped not only in 
contributing patients, but also in the development 
of the study design and protocol. This early ven-
ture lead to the acquisition of funding and also in 
more interested colleagues who joined to con-
sider the prospect of creating a bigger group to 
conduct randomized controlled trials. At least 29 
studies have been written in different journals or 
are current research projects, discussing difficult 
topics such as the following:
 – The best implants for intertrochanteric and 

geriatric hip fractures
 – Operative or non-operative treatment for dis-

placed fractures of the distal clavicle
 – Operative or non-operative treatment of dis-

placed isolated ulnar shaft fractures
 – Replacement or ORIF of distal humerus 

fractures
 – Reamed or unreamed IM nails for femoral 

shaft fractures
 – Treatment of distal radius fractures
 – Management of calcaneus fractures and pre-

diction of subtalar fusions
 – Operative or non-operative treatment of acute 

acromioclavicular joint dislocation
 – Operative or non-operative treatment of unsta-

ble lateral malleolar fractures
 – Management of bicondylar tibial plateau 

fractures
COTS has continued to deal with the toughest 

fracture questions that have not yet been answered 
and for that the multicentre, randomized collab-
orative teamwork approach has been essential.

3.8  Formalization and Funding

Decisions regarding how to formalize and legiti-
mize the group were required. It was necessary to 
choose either an independent existence or one 
under the umbrella of a pre-existing association. 
It was decided for both legal and funding reasons 
to stay within the Canadian Orthopaedic 
Association (COA) and use the Canadian 
Orthopaedic Fund as the research fund depot. In 

essence, pre-existing infrastructure was utilized 
in keeping with its mandate and to the mutual 
benefit of both COTS and COA. This was not 
only efficient and cost-effective, but its legiti-
macy allowed a more aggressive approach to pur-
suing grants and research funding from various 
sources (i.e. peer reviewed, association, commu-
nity, industry).

3.9  Commitment

Similar goals and interests of the involved members 
are not enough to ensure the functional success of 
such a group. Despite the requirement for every 
project to be led by a single surgeon, each proto-
col has to be discussed, sometimes for years, and 
reviewed by the entire COTS group, so much so 
that some of the group felt that the acronym 
(COTS) should stand for “Compromising 
Orthopaedic Trauma Surgeons” [23]. This effec-
tively leads to the motivation for as many centres 
as possible to be involved in each and every study 
while embracing an “all for one, one for all” phi-
losophy. The universal acceptance of a negotiated 
protocol followed by dedication to the protocol 
for the length of the study are the keys to success 
of the group in producing practice changing tri-
als. In addition, a proactive approach has been 
taken toward the future membership of the group. 
To facilitate the recruitment and mentorship of 
subsequent generation of active members, COTS 
annually makes available a Young Investigator 
Grant for principal investigators less than 40 
years of age in an effort to enthuse and motivate 
the next generation of COTS investigators.

3.10  Research Coordinators

The investigators are ultimately responsible for 
all aspects of a study. However, they delegate 
some duties to trained and experienced profes-
sionals called “Research Coordinators”. These 
are the people who manage the day-to-day 
aspects of a study. They are involved in one or 
more aspects of research, including, but not lim-
ited to, data collection, analysis, or monitoring; 
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recruitment and enrolment of study subjects; pro-
tection of subjects and their rights in conjunction 
with institutional review boards (ethics review 
boards); development of informed consents; 
reporting of adverse events; development of case 
report forms; grant and budget development; 
report preparation; education of other health-care 
professionals, patients or families about research 
studies and protocol requirements; and dissemi-
nation of study results. The importance of includ-
ing research coordinators as team members 
within COTS cannot be understated; therefore, 
they are recognised as associated members of 
COTS. In 2006, their increased autonomy and 
ownership in their roles began to reflect as they 
began to meet in conjunction with the COTS and 
OTA annual meetings addressing issues such as 
how to improve enrolment, the design of data 
forms, data acquisition and control, website 
information, and updates. The meetings also pro-
vide a forum for study. The coordinator’s ability 
to solve day-to-day issues quickly and among 
themselves engenders a seamless environment in 
which to run these studies [23].

3.11  Biannual Meetings

Attendance is promoted by scheduling the 
meetings at national and international ortho-
paedic meetings. The regularity of the meet-
ings is required to maintain team rapport and 
the enthusiasm required to complete medium 
and long- term protocols. As mentioned before, 
the development of a research protocol is a col-
laborative effort hinging on compromise. 
Proposed protocol questions are appraised on 
its merits of suitability and feasibility in the 
following manner:
 – Is that question worth answering?
 – Is there controversy or debate?
 – Is there sufficient interest among surgeons?
 – Does a large enough study population exist in 

combined centres to allow completion?
 – Study design – is a RCT the best choice?

If the protocol question passes the group 
screen, then the investigator completes the requi-
site literature search, study design, inclusion and 

exclusion criteria, outcomes to be measured, 
power analysis, and estimation of time of com-
pletion. Following this, it is submitted again to 
the group for review of the appropriateness. At 
this point, application for funding begins with the 
advantage of going forth validated by the previ-
ous successes of the group associated with the 
production of high-level studies.

3.12  Operationalization 
of the EBM Approach

COTS has met with great success using the 
strategies outlines above leading to multiple 
studies being presented at national and interna-
tional meetings as well many papers being pub-
lished in top peer-reviewed journals. The 
academic centres in Canada have all been able 
to obtain excellent coordinators to enable them 
to design and complete the clinical studies. 
COTS has been fortunate to have extremely 
cooperative colleagues at all the centres who 
have been able to direct the patients toward indi-
vidual studies. The patient population across the 
country is relatively stable allowing for long-
term follow-up in most studies. Trauma centres 
are widely separated, which ensures that patients 
have little alternative but to return to their own 
centre for follow-up care, and they are not easily 
lost, with long-term follow-up (2 years) often 
reaching 85 %. The support of the Canadian 
Orthopaedic Association has allowed the COTS 
group to use the annual meeting as a place to 
meet and present their academic work. This has 
proved to be a positive situation for both the 
organization and the COTS group. The guidance 
and support from the Canadian Orthopaedic 
Association in the early years has allowed 
COTS to take complete control of academic 
trauma education in the country. These face-to-
face biannual meetings held in conjunction with 
the Canadian Orthopaedic Association in June 
and OTA in October remain the stabilizing 
structure of the organization. Partners in indus-
try have also supported COTS with unrestricted 
educational grants. This was particularly helpful 
in the initial years. However, peer-reviewed 
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funding at local, national and international levels 
has sustained the group. The initiative of all 
members of COTS has allowed keeping the 
momentum going as they move from older to 
younger orthopaedic trauma surgeons [23]. All 
members treat fractures on a day-to-day basis, 
and everyone recruits and follows up patients, 
showing the power of collaboration and com-
promise among the members.

 Conclusion

Evidence-based medicine has evolved from 
the need of solving clinical problems. In con-
trast to the traditional paradigm of clinical 
practice, evidence- based medicine acknowl-
edges that intuition, clinical experience, and 
pathophysiologic rationale are not sufficient 
for making the best clinical decisions. 
Although evidence-based medicine recog-
nizes the importance of clinical experience, it 
includes the evaluation of evidence from clin-
ical research and the integration of patients’ 
values, preferences, and actions for best clini-
cal decision-making. We, as surgeons, need to 
recognize the need for evidence and use it. For 
that, we sometimes have to admit that we do 
not know the answer and look for the best one 
available, or sometimes admit there is a better 
answer for a clinical issue than ours. Individual 
and collective efforts in the field of orthopae-
dic trauma care will be more efficient, valued, 
and successful by utilizing and embracing 
evidence-based skills and principles.
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4.1  Introduction

Multiple trauma results in a significant blood 
loss and accumulation of necrotic and/or devital-
ized tissue in an ischemic-hypoxic environment, 
both of which will become the origin of coagu-
latory and inflammatory changes. The inflam-
matory response after polytrauma is a major 
part of the host’s molecular danger response. 
The acute posttraumatic phase of inflammation 
consists of two rather synchronically mounted 
columns: the pro-inflammatory response (sys-
temic inflammatory response syndrome, SIRS) 
and the anti- inflammatory response (compen-
satory anti-inflammatory response syndrome, 
CARS) [1]. SIRS includes changes in the heart 
rate, respiratory rate, temperature regulation, 
and immune cell activation (Table 4.1) [2]. In 
the natural course of the inflammatory response 
after trauma, the balance of the pro- and anti- 
inflammatory response is in equilibrium, which 
maintains the biological homeostasis and induces 
controlled regeneration processes, enabling the 
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patient to recover normally without significant 
complications. However, the excessive inflam-
matory response after trauma seems to simul-
taneously and rapidly involve the induction of 
innate (both pro- and anti-inflammatory media-
tors) and suppression of adaptive immunity [1, 3, 
4] all of which decisively contribute to the devel-
opment of the early multi-organ dysfunction syn-
drome (MODS). Furthermore, a prolonged and 
dysregulated immune-inflammatory state is asso-
ciated with delayed recovery and complications, 
 especially the development of late MODS. Based 
on improved intensive care and organ support, 
there is often a progress to the clinically evident 
persistent inflammation, immune suppression, 
and catabolism syndrome (PICS) which might 
have replaced the late MODS, but still is associ-
ated with a poor outcome, appearing as “silent 
death” [5].

The steps of an inflammatory reaction to 
trauma involve fluid phase mediators (cytokines, 
chemokines, coagulation- and complement acti-
vation products, oxygen radicals, eicosanoids, 
and nitric oxide (NO)) and cellular effectors 
(neutrophils, monocytes/macrophages, and endo-
thelial cells) that translate the trauma-induced 
signals into cellular responses. These factors are 
closely interrelated and interconnected by up- 
regulatory and down-regulatory mechanisms. 
The combination of these factors may cause 
severe SIRS, acute respiratory distress syndrome 
(ARDS) and sepsis, acute kidney injury (AKI), 
progressing to MODS, depending on the type of 
injured tissue, the surgical and anesthesiological 
management after injury, age, gender, genetics, 

and most importantly, underlying comorbidities 
and physical conditions (exogenous and endoge-
nous factors) (Fig. 4.1).

4.2  Damage-Associated 
Molecular Patterns

Patient survival after severe trauma requires an 
adequate molecular and cellular danger response. 
The injured tissues release cytosolic molecules 
(e.g., ATP), organelles (e.g., mitochondria), 
histones, nucleosomes, DNA, RNA, matrix, 
and membrane fragments, all functioning as 
damage- associated molecular patterns (DAMPs). 
Furthermore, damage of external and internal 
barriers (e.g., skin, gut-blood barrier, air-blood 
barrier, brain-blood barrier) facilitates inva-
sion of microorganisms, resulting in additional 
exposure to microorganisms-derived pathogen- 
associated molecular patterns (PAMPs). After 
multiple injury, the immune system of the injured 
patient is exposed to both DAMPs (also termed 
alarmins) and PAMPs, which are summarized 
as danger-associated molecular patterns [6]. 
The “3-R-challenge” for the innate and adaptive 
immune system is to recognize, respond to, and 
resolve the “molecular danger”. For recognition 
of the damage, there are effective fluid-phase 
“master alarm systems”, such as the coagulation 
and complement cascade, and effective cellular 
“danger sensors”, such as the pattern recogni-
tion receptors (PRR). These systems transfer the 
damage/danger signals to the cells which in turn 
mount an acute phase reaction and inflammatory 
response to resolve the damaged tissue load [7].

4.3  Acute-Phase Reaction

Within an hour after trauma, inflammation 
resulting from tissue injury induces an increase 
in plasma concentration of a number of liver-
derived proteins (the acute phase proteins, APP). 
Pro- inflammatory cytokines (IL-1β, TNF, IL-6) 
released locally by Kupffer cells can systemi-
cally influence other cell types such as hepato-
cytes to synthesize more APPs. Proactive APPs, 

Table 4.1 Diagnostic criteria for systemic inflammatory 
response syndrome (SIRS)

Parameter Values

Temperature <36 °C (96.8 °F) or >38 °C 
(100.4 °F)

Heart rate >90 min
Respiratory rate >20 breaths/min or 

PaCO2 < 32 mmHg (4.3 kPa)
White blood cell 
count

>12,000 mm3 or <4000 mm3 or 
the presence of >10 % immature 
neutrophils (band forms)

SIRS can be diagnosed when two or more of these criteria 
are present
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such as C-reactive protein (CRP), procalcitonin 
(PCT), serum amyloid A (SAA), complement 
activation products (C3a, C5a), activated coagu-
lation proteins (FVIIa, FXa, FIIa), proteinase 
inhibitors, and metal- binding proteins, are 
increased during this phase [8], whereas the pro-
duction of inhibitory APPs, such as albumin, 
high-density lipoprotein (HDL), protein C, pro-
tein S, and ATIII are decreased [9, 10].

Plasma concentrations of CRP are normally 
below 10 mg/l [11]. Hepatic synthesis of CRP is 
regulated mainly by IL-6. Serum levels of CRP 
can be detected about 12 h after systemic detec-
tion of IL-6. Clinically, the plasma levels of CRP 
are relatively non-specific and may not correlate 
with injury severity and are not predictive of post-
traumatic complications such as infections [12]. In 
the context of trauma, it is also still unclear 

Fig. 4.1 Trauma-induced systemic inflammatory response syndrome (SIRS) and complications; NO nitric oxide, ROS 
reactive oxygen species, NK cells natural killer cells, MOF multiple organ failure
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whether the native pentameric or the denatured 
monomeric form of CRP is responsible for the 
CRP-induced cellular effects [13].

PCT is physiologically produced in the thy-
roid gland as the precursor molecule of calcitonin 
[10]. During sepsis, stimulation by endotoxins or 
pro-inflammatory cytokines such as IL-1β or 
TNF dramatically increases the serum levels of 
PCT up to 1000-fold [14]. In trauma patients, 
PCT has been proposed as a practical biomarker 
for predicting posttraumatic complications such 
as severe SIRS, sepsis, and MODS [14–17].

4.4  Immune Response After 
Multiple Injury

The biological immune response after trauma 
was considered in the past to be divided into an 
early innate phase and a late adaptive response. 
However, since multiple intensive interactions 
between both systems are known (e.g., via the 
complement cascade), a spatial- or time- 
dependent discrimination of both systems in 
regard to pathomechanistic changes after multi-
ple injury is irrational. Both immune mechanisms 
contribute to effective recognition, activation, 
discrimination, regulation, and eradication of 
invading damage- and pathogen- associated sig-
nals [18]. Nevertheless, the innate immune 
response represents the “first line of defense”, 
consisting of a barrier against exogenous non-
self antigens and microorganisms. This includes 
the integrity of epithelial and mucosal cells: skin, 
respiratory tract, alimentary tract, urogenital 
tract, brain, and conjunctiva. Exogenous patho-
gens that escape the first barrier are rapidly rec-
ognized and removed by the multiple components 
of innate immune cells such as neutrophils, 
monocytes/macrophages, natural killer cells, and 
dendritic cells [19]. The innate immune response 
is closely accompanied by the specifically 
acquired immune response after the trauma 
impact. The adaptive immune response is con-
ducted by the interaction of antigen-presenting 
cells (APCs), dendritic cells, monocytes/macro-
phages, T-lymphocytes, and B-lymphocytes. The 
APCs capture invading pathogens and create 

peptide-MHC (major histocompatibility complex) 
protein complexes. T-lymphocytes recognize the 
peptide-MHC protein complex via T-cells 
expressing antigen-binding receptors (TCRs) and 
are thereby activated. In turn, activated 
T-lymphocytes release cytokines to activate and 
amplify further cells of the immune system. 
T-helper lymphocytes (CD4+ T cells) differenti-
ate into two phenotypes according to the cytokine 
release, the Th1 and Th2 lymphocytes. Th1 cells 
promote the pro-inflammatory response through 
the release of IL-2, TNF, and interferon-γ (IFN- γ), 
while Th2 cells produce anti-inflammatory cyto-
kines (IL-4, IL-5, and IL-10), which suppress 
macrophage activity [10]. Attention has been 
focused on the Th1/Th2-ratio. IL-12 secreted 
from monocytes/macrophages promotes the 
differentiation of Th1 cells by increasing the pro-
duction of IFN-γ [20, 21]. Several studies have 
shown that a suppressed IL-12, IL-2, and IFN-γ, 
and elevated IL-4 are observed after major 
trauma, which correlated with a shift of the Th1/
Th2 ratio towards the Th2-type pattern [22, 23]. 
This imbalance in Th1/Th2-type cytokine 
response (from pro- to anti-inflammation) is not 
only a compensatory response but also increases 
the risk of infection by immune suppression [20]. 
However, other reports do not support this view 
and question the clinical relevance of the Th1/
Th2-shift after major tissue injury [24, 25].

4.5  Activation and Dysfunction 
of the Serine Protease 
Systems

4.5.1  The Coagulation System: 
Coagulopathy

Bleeding is a leading cause of death following 
polytrauma, and acute trauma-induced coagu-
lopathy (ATIC) increases both the risk and sever-
ity of bleeding. Clinically, there are several 
routine laboratory parameters which are indica-
tive of coagulopathy development (Table 4.2). 
Around one third of severe polytrauma patients 
are already coagulopathic upon arrival in the 
emergency room [27] and coagulopathy belongs 
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together with acidosis and hypothermia to the 
“lethal triad” of polytrauma. Thus, an important 
diagnostic and therapeutic strategy has been 
developed proposed as the “STOP bleeding cam-
paign” [29] that addresses three major aspects of 
coagulopathy: fast detection and stopping of rel-
evant bleeding sources; estimation and 
 resuscitation of the lost blood volume; and rapid 
monitoring for coagulopathic conditions.

The major mechanism of activation of the 
coagulation cascade following trauma is via the 
extrinsic coagulation system [30]. The extrinsic 
cascade mediates inflammation by tissue factor 
(TF). Exposure of the FVII to TF (e.g., from 
injured cells) results in the conversion of FVII to 
FVIIa. The FVIIa-TF-complexes activate FX to 
FXa, and FXa converts prothrombin to thrombin 
(FIIa). Thrombin activates FV, FVIII, and FXI, 
which results in enhanced thrombin formation. 
Thrombin also cleaves fibrinogen, and the fibrin 
clot is formed following polymerization and sta-
bilization. In normal conditions, small amounts 
of TF are exposed to the circulating blood. 
However, under pathophysiological conditions, 
TF is upregulated on the surface of neutrophils, 
macrophages, and endothelial cells. Endotoxin, 
activated complement (C5a), and cytokines (IL- 
1β, TNF) induce TF expression [31]. TF is highly 
thrombogenic, and its upregulation often results 
in hypercoagulability, leading to an increased 
tendency of thrombosis [32, 33]. Another phylo-
genetically ancient activation pathway is the 
rather unknown FSAP (FVII activating protease) 
pathway that is activated by an autocatalytic 
mechanism promoted by factors released by 
necrotic or post-apoptotic cells such as nucleic 

acids, nucleosomes, and polyamines. FSAP can 
regulate coagulation and fibrinolysis by activat-
ing Factor VII and pro-urokinase, respectively. In 
polytrauma patients, an early and robust activa-
tion of FSAP is seen which in turn contributes to 
the activation of both, the coagulation and com-
plement system [34].

In addition, coagulation mediators (FVIIa, 
FXa, and FIIa) elicit inflammation with expres-
sion of TNF, cytokines, adhesion molecules 
(MCP-1, ICAM-1, VCAM-1, selectins, etc.), and 
growth factors (e.g., VEGF) [33]. Inhibitors to 
prevent a hypercoagulable state include anti- 
thrombin III (ATIII), protein C, protein S and TF 
pathway inhibitor (TFPI). ATIII inhibits FIXa, 
FXa, and thrombin. TFPI suppresses the activity 
of TF/FVIIa/FXa complexes [35]. Protein C is 
activated by the thrombin-thrombomodulin com-
plex on endothelial cells, and activated protein C, 
in combination with free protein S, cleaves and 
inactivates FV and FVIII [36]. Therapeutically 
intervening with the production and/or activity of 
inhibitors could help to improve outcome by mit-
igating complications such as ARDS.

For example, the CRASH2 trial has recently 
revealed that early application of tranexamic acid 
(a synthetic derivative of the amino acid lysine) 
that inhibits fibrinolysis by blocking the lysine 
binding sites on plasminogen significantly 
reduces the risk of death in bleeding trauma 
patients [37].

4.5.2  The Complement System: 
Complementopathy

Almost synchronically to the coagulation 
response, there is an activation of the complement 
cascade immediately after multiple trauma [38, 
39]. The complement system consists of more 
than 30 proteins. In the resting state, complement 
proteins circulate as inactive forms in plasma. 
The activation of the complement system can 
occur through four pathways (alternative, classi-
cal, lectin, and coagulation paths). The classical 
pathway of complement is activated by antigen- 
antibody complexes (immune-globulin M or G) 
or CRP. The alternative pathway is activated by 

Table 4.2 Clinical parameters for acute trauma-induced 
coagulopathy

Trauma-induced coagulopathy

TT >15 s [26]
Prothrombin Time Test  
(Quick)/INR

<70 % [27]/>1.2 [28]

PT <18 s [26]
aPTT >60 s [26]
Platelets <100,000 μl [27]

Modified from Maegele et al. [27], Brohi et al. [26], 
Greuters et al. [28]
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bacterial products such as lipopolysaccharides 
(LPS). The lectin pathway is initiated by lectin 
binding to mannose, glucose, or other sugars of 
microorganisms. Upon activation of the comple-
ment system, there is a generation of biologically 
active peptides. The cleavage of the central com-
plement components C3 and C5 to the anaphyla-
toxins C3a and C5a, respectively, also induces the 
formation of opsonins and the membrane attack 
complexes (MAC, C5b-9) [40, 41]. Early after 
polytrauma, serum levels of the complement acti-
vation products C3a and C5a are significantly ele-
vated and correlate with the severity of the injury 
(e.g., traumatic brain injury), septic complications, 
and mortality [27, 38]. The circulating soluble 
MAC is also enhanced within the first hours after 
polytrauma but almost not detectable between 4 
and 48 h after polytrauma [38, 39]. Regulation 
of complement activation and protection against 
complement- mediated tissue destruction is pro-
vided by a selection of soluble- and membrane- 
bound complement regulatory proteins (CRegs). 
The expression profile of CRegs on leukocytes is 
specifically altered post polytrauma: CD46 (mem-
brane co-factor protein) is significantly reduced in 
neutrophils, monocytes, and lymphocytes. In con-
trast, CD55 (decay accelerating factor) seems to 
be increased on neutrophils early after trauma. A 
delayed up-regulation of CD55 has been observed 
in monocytes from trauma patients. An initial 
enhancement of CD59 (MAC inhibitor) expres-
sion was measured in neutrophils and monocytes 
at the time of admission. Remarkably, C5a recep-
tor (C5aR), CD59 and CD46 expression on neu-
trophils reversely correlated with injury severity 
[42]. The anaphylatoxins C3a and C5a mainly 
play pro-inflammatory roles, which include the 
recruitment and activation of phagocytic cells 
(polymorphonuclear cells, PMNs), monocytes/
macrophages, the enhancement of the hepatic 
acute-phase reaction, stimulation of the release of 
vasoactive mediators (such as histamine), and pro-
moting the adhesion of leukocytes to endothelial 
cells and their permeation through injured tissues. 
C5b forms a complex by the consecutive binding 
of proteins C6–C9, culminating in the formation 
of the MAC (C5b-9), which leads to the formation 
of pores in the cellular membrane causing lysis 

and death of the target cells [43]. Furthermore, the 
inflammatory response of complement activation 
leads to the production of free oxygen radicals 
and arachidonic acid metabolites and cytokines.

The complement cascade bridges innate and 
adaptive immunity for defense against microbial 
pathogens. However, excessive consumption of 
complement proteins may also cause tissue dam-
age of the host after trauma. Within the first 24 h 
after multiple injuries, there is a massive reduc-
tion in complement hemolytic activity (CH50), 
which recovers only around 5 days after trauma, 
and can be used to discriminate between lethal 
and non-lethal outcome. This trauma-induced 
reduction of global complement function is 
referred to as trauma-induced “complementopa-
thy” in analogy with “coagulopathy”, both of 
which significantly participate to the impairment 
of the innate immune response after polytrauma 
(Fig. 4.2).

4.5.3  The Kallikrein-Kinin System

The kallikrein-kinin system involves a cascade 
of plasma proteases and is related to the com-
plement and clotting cascade (intrinsic activa-
tion) [44]. This contact system consists of 
plasma  proteins factor XII (Hageman factor; 
FXII), prekallikrein, high molecular weight 
kininogen (HMWK), and FXI. Contact with 
negatively charged surfaces such as foreign 
bodies or the membrane fragments of stimu-
lated platelets activates FXII [44]. The active 
protein FXIIa converts prekallikrein into the 
proteolytic enzyme kallikrein, which in turn 
cleaves the plasma glycoprotein precursor 
HMWK to form bradykinin [45]. Bradykinin 
increases vascular permeability and causes dila-
tion of blood vessels by its action on smooth 
muscle cells. In turn, as a positive feedback 
loop, kallikrein itself accelerates the conversion 
of FXII to FXIIa. Kallikrein can also activate 
fibrinolysis to counterbalance the clotting cas-
cade activated by FXIIa. Furthermore, kallikrein 
also exhibits chemotactic activity, converting 
C3 and C5 into the chemoattractant products 
C3a and C5a, respectively [46].
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4.6  Cytokines

4.6.1  Pro-inflammatory Cytokines

Pro-inflammatory cytokines play key local and 
systemic roles as intercellular messengers to ini-
tiate, amplify, and perpetuate the inflammatory 
response after trauma (Table 4.3). Cytokines are 
produced by many cell types in all organs. They 
have multiple targets and act in a pleiotropic 
manner. Early after trauma, production and 
release of pro-inflammatory cytokines such as 
IL-1β, TNF, IL-6, and IL-8 is initiated by mono-
cytes and macrophages. IL-1β and TNF as well 
as IL-6 and IL-8 are released early after 

 polytrauma [3, 47] and predominantly function 
as pro-inflammatory mediators to repair dam-
aged tissue. The release of IL-1β and TNF is 
mainly stimulated by bacterial endotoxins or 
other microbial products, immune complexes, 
and a variety of inflammatory stimuli. Upon 
release, IL-1β and TNF usually return to base-
line levels within 4 h. TNF increases the activity 
of neutrophils and monocytes by activating the 
underlying endothelium. TNF promotes the 
expression and release of adhesion molecules 
such as ICAM1 or E-selectin, and increases the 
permeability of endothelial cells, which facili-
tates neutrophil migration into the damaged tis-
sue [48]. Some studies have proposed TNF as a 
valid serum marker for complications after 

Fig. 4.2 Posttraumatic activation of the serine protease 
system; PK prekallikrein, TF tissue factor, FSAP Factor 
VII activating protease, MBL mannose-binding lectin, 

MASP-2 mannose-associated serine protease-2, MAC 
membrane attack complex

4 Inflammatory Changes and Coagulopathy in Multiply Injured Patients



30

trauma. However, the results are inconsistent and 
to date, no data is available indicating whether 
TNF correlates to the severity of trauma or 
trauma outcome [49–54]. Many different cell 
types produce IL-6: In addition to immune cells 
such as monocytes, macrophages, neutrophils, T 
cells, and B cells, it is also produced by endothe-
lial cells, smooth muscle cells, and fibroblasts. 
IL-6 upregulates the hepatic acute-phase 
response, stimulating generation of C-reactive 
protein (CRP), procalcitonin, serum amyloid A, 
fibrinogen, α1-antitrypsin, and complement acti-
vation products (e.g., C5a), which then promote 
neutrophil activation. There is strong evidence 
that serum IL-6 level correlates with the severity 
of trauma, trauma pattern (especially in combi-
nation with chest trauma), and the risk of subse-
quent ARDS, MOF, and lethal outcome [47, 55]. 
Therefore, IL-6 may be considered as a clini-
cally relevant and feasible parameter to estimate 
the severity of injury and prognosis after trauma 
[56, 57]. In addition, for patients requiring sec-
ond or subsequent surgeries following trauma, 
IL-6 may prove to be an important biological 
marker in deciding the correct timing of surgery. 
In trauma patients with high initial levels of IL-6 
(>500 pg/dL), it is recommended to delay 
secondary procedures for more than 4 days [58]. 
The chemokine IL-8 is secreted by monocytes/
macrophages, neutrophils, and endothelial cells. 

After trauma, serum levels of IL-8 are elevated 
within 24 h. Its production following trauma 
stimulates leukocyte recruitment to the injured 
and inflammation site. Plasma levels of IL-8 
correlate with the subsequent development of 
ARDS and MOF [57, 59–61].

4.6.2  Anti-inflammatory Cytokines

IL-10 is mainly synthesized by T lymphocytes 
and monocytes/macrophages. It is the pivotal 
role of IL-10 to inhibit the production of mono-
cyte/macrophage-derived TNF, IL-6, IL-8, and 
free oxygen radicals [62]. IL-10 plasma lev-
els are proportional to the severity of trauma 
and to posttraumatic complications [63–67] 
(Table 4.4). In addition to its pro-inflammatory 
role, IL-6 also has anti-inflammatory properties. 
As an immunoregulatory cytokine, IL-6 stimu-
lates macrophages to release anti-inflammatory 
cytokines such as IL-1 receptor antagonists 
and soluble TNF receptors [8]. Moreover, IL-6 
induces macrophages to release prostaglan-
din E2 (PGE2), the most powerful endogenous 
immune suppressant. PGE2 regulates the syn-
thesis of TNF and IL-1β by macrophages and 
induces the release of IL-10 [68–70].

Overall, it has to be emphasized that almost all 
cytokines may not act strictly in either a pro- or 

Table 4.3 Features of the major pro-inflammatory cytokines

Cytokine/chemokine Source Function

TNF Monocytes/macrophages, mast cells,  
T lymphocytes, epithelial cells

Upregulation of adhesion molecules 
and secretion of cytokines, chemokines, 
and NO by endothelial cells
Acute-phase response
Fever

IL-1β Monocytes/macrophages, mast cells,  
T lymphocytes, endothelial cells,  
some epithelial cells

Similar to TNF

IL-6 Monocytes/macrophages, T lymphocytes,  
endothelial cells

Acute-phase response
T and B lymphocyte proliferation
Prognostic marker of complications 
(SIRS, sepsis, MOF) after trauma

IL-8 Macrophages, neutrophils, endothelial cells,  
T lymphocytes, mast cells

Chemotaxis
Leukocyte activation
Diagnostic marker for AIDS
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anti-inflammatory manner, but rather may exhibit 
a “janus-faced behavior” depending on the under-
lying tissue, local environment, and trauma 
conditions. Furthermore, the categorized pro- and 
anti-inflammatory cytokines follow not a specific 
temporal pattern but are rather synchronically 
and rapidly generated and released [1, 3], mount-
ing the overall inflammatory response. When the 
simultaneous cytokine response is excessive, pro-
longed, and dysregulated, this may lead to severe 
complications, such as organ dysfunctions [1] or 
persistent inflammation, immunosuppression, and 
catabolism syndrome (PICS) [5] (Fig. 4.3).

4.7  Reactive Oxygen 
Species (ROS)

Reactive oxygen species are released by 
leukocytes after exposure to pro- and anti- 
inflammatory cytokines, chemokines, comple-
ment factors, and bacterial products. There are 

several mechanisms of ROS production: mito-
chondrial oxidation, metabolism of arachidonic 
acid, activation of nicotin-adenine-dinucleotide-
phosphate (NADPH) oxidase, and activation of 
xanthine oxidase. With ischemia and subsequent 
reperfusion, reintroduced molecular oxygen 
reacts with hypoxanthine and xanthine oxidase 
generated as the result of ATP consumption 
during the ischemia phase to generate superox-
ide anions (•O2

−). Superoxide anions are further 
reduced to hydrogen peroxide (H2O2) by super-
oxide dismutase (SOD). The initial ROS (super-
oxide anion and H2O2) are relatively low-energy 
oxygen radicals and are not considered to cause 
high levels of cytotoxicity [71]. The most detri-
mental agents of the ROS are hydroxyl radicals 
(•OH) which are generated from superoxide 
anions and H2O2 by the Haber-Weiss reaction: 
•O2

− + H2O2 → •OH + OH− + O2 or from H2O2 by 
the Fenton reaction in the presence of iron (LFeII(
H2O2) → LFeIII + OH + OH−) (Fig. 4.4). ROS cause 
lipid peroxidation, cell membrane disintegration, 

Table 4.4 Features of the major anti-inflammatory cytokines

Cytokine/chemokine Source Function

IL-4 Th2 lymphocytes B cell class switch
IL-6 See Table 4.3 Reduction of TNF and IL-1 synthesis

Release of IL-1 Ra and sTNF-Rs
IL-10 Monocytes/macrophages,  

T lymphocytes
Inhibited secretion of pro-inflammatory cytokines 
and ROS production
Reduced adhesion molecule expression
Enhanced B lymphocyte survival, proliferation,  
and antibody production
Levels correlated with injury severity and outcome

Fig. 4.3 Posttraumatic 
pro- and anti-inflammatory 
immune response; PICS 
persistent inflammation, 
immune suppression, and 
catabolism syndrome
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and DNA damage to endothelial and parenchymal 
cells [72, 73]. Furthermore, ROS secreted by 
polymorphonuclear leukocytes (PMN) induce 
cytokines, chemokines [74], heat shock protein 
(HSP) [75], and adhesion molecules (p-selectin, 
ICAM-1) [76] leading to cell and tissue damage.

4.8  Cells Implicated in Multiple 
Trauma

4.8.1  Neutrophils

Early after severe tissue trauma, neutrophils 
migrate along the chemoattractant gradient of 
complement activation products, interleukins, 
and ROS to the site of tissue damage and to 
remote organ tissue. Neutrophil mobilization 
is important for wound healing and protec-
tion against invading microorganisms, but their 
immigration to remote organ tissue contributes 
to SIRS [77]. Neutrophil migration is composed 
of four steps: The first step, generation of leu-
kocyte selectins (e.g., L-selectins) and E- and 
P-selectins on the endothelium is induced by 
anaphylatoxins (e.g., C5a), cytokines (e.g., 
IL-6), and toxins [78]. These adhesion molecules 
are responsible for the rolling of neutrophils. 
The second step involves expression of inte-
grins on neutrophils such as CD11 and CD18, 

and intercellular adhesion molecules (ICAM-1) 
and vascular cell adhesion molecules (VCAM-1) 
on the surface of endothelial cells, all of which 
are strongly induced by C5a [79–81]. The inter-
action of these upregulated molecules activate 
neutrophils to reinforce the contact between 
neutrophils and endothelial cells (sticking). In 
the next step, migration and accumulation into 
tissues occur, mediated by chemokines and 
complement anaphylatoxins. To migrate through 
cellular barriers, neutrophils undergo signifi-
cant deformational changes to permeate through 
small cellular gaps with the help of locally 
released matrix metalloproteinases. In the final 
step, activation of neutrophils occurs to protect 
against dangerous molecules, microorganisms, 
and cells. Neutrophils utilize a large arsenal for 
forming the “first line of defense” after trauma: 
chemotaxis, phagocytosis, oxidative burst reac-
tion with release of ROS and myeloperoxidase 
(MPO), generation of NO, leukotriens, platelet-
activating factor (PAF), tissue factor (TF), prote-
ases, and multiple pro-inflammatory cytokines. 
However, the active substances released from 
neutrophils may not only harm the invading 
microorganisms or injured cells but also healthy 
host cells, especially since neutrophils become 
“long-lived” after trauma by significant inhibi-
tion of neutrophil apoptosis. Thus, neutrophils 
after trauma function as “friend and foe”.

Fig. 4.4 Production of reactive oxygen species (ROS)
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4.8.2  Monocytes/Macrophages

Monocytes/macrophages and neutrophils play 
a central role for the innate host defense, tissue 
repair, and remodelling, and for the intermediaries 
to the antigen-specific adaptive immune response. 
Monocytes are circulating precursors of macro-
phages. Monocytes migrate into the different tis-
sues (liver, spleen, lungs, etc.) even in absence 
of local inflammation and become tissue macro-
phages. When monocytes/macrophages are acti-
vated by various phagocytotic events in response 
to trauma, they regulate the activation of T and B 
lymphocytes, which induce antigen presentation by 
the major histocompatibility complex II (MHC II).  
Monocytes/macrophages also release chemokines, 
cytokines (IL-6, TNF, IL-10, IL-12, TGF-β), and 
various growth factors (fibroblast growth factor 
[FGF], epidermal growth factor [EGF], and plate-
let-derived growth factors [PDGF]) that initiate 
the formation of new extracellular matrix and pro-
mote angiogenesis and generation of new tissue at 
the site of injury. The functional phenotype shifts 
from a pronounced pro-inflammatory M1 type to a 
more anti-inflammatory and regenerative M2-type 
macrophage. The monocyte/macrophage cellular 
response after minor trauma embodies several ben-
eficial effects for the host. However, major trauma 
induces massive monocyte/macrophage activation. 
In this state, the effects of the monocyte/macrophage 
response become systemic and may also induce 
detrimental effects. Systemically, the macrophage- 
modulated immune response influences microcircu-
lation, metabolism, and triggering and progression 
of remote organ injury. Deactivation of monocytes 
and decreased expression of MHC II on their surface 
are observed after major trauma correlating with the 
severity of injury [82].

4.8.3  Natural Killer Cells

Natural killer (NK) cells are antigen-non-specific 
lymphocytes that recognize pathogen-associated 
molecular patterns (PAMPs) of invading microor-
ganisms [83] as well as damaged, transformed, or 
virus-infected host cells [84]. Since they are not 
dependent on pre-sensitization [85] to mediate 
their cytotoxic effects and to release excessive 

amounts of pro- and anti-inflammatory cytokines 
within minutes of stimulation, NK cells are 
regarded as part of the “first line of defense” [86]. 
Their ability to release immune-modulatory cyto-
kines may provide important regulatory functions 
during immune response, especially following 
severe injury. However, studies addressing the role 
of human NK cells after severe tissue trauma are 
rare and contradictory. Some studies revealed an 
increase of NK cells in the early stage after severe 
trauma [77], whereas NK cell function is greatly 
depressed by traumatic injury. However, there was 
no correlation between the NK cell count or activ-
ity and injury severity [85, 87]. Concerning the 
effect of plasma samples from trauma patients on 
the cytotoxic activity of healthy NK cells in vitro, it 
has been shown that incubation times of more than 
40 h lead to suppressed NK cell function, suggest-
ing that posttraumatic immune suppression is asso-
ciated with suppression of NK cell activity [85]. 
Vice versa, murine experiments have collectively 
shown that NK cells as a key source of interferon γ 
exert harmful pro-inflammatory effects in the post-
traumatic immune response and during the patho-
genesis of sepsis [88, 89]. In support, early 
depletion of NK cells results in reduction of liver 
IL-6 expression and a 50 % improved survival rate 
in a murine polytrauma model. Lymphocyte apop-
tosis in spleen as well as neutrophil infiltration into 
lungs and liver is also attenuated [88]. Furthermore, 
in various mouse models of sepsis, depletion of NK 
cells leads to improved survival [89, 90] suggesting 
that early posttraumatic activation of NK cells pro-
motes amplification of the inflammatory response, 
and the subsequent loss of cellular functions might 
contribute to immune suppression manifested in 
later stages after trauma [87].

4.9  Mechanisms 
of the Development 
of Organ Dysfunction

4.9.1  Severity of Initial Injury 
(First Hit)

The initial trauma insult activates an inflammatory 
cascade that stimulates the host immune system. 
Massive initial trauma impact (first hit) causes severe 
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SIRS. In this situation, the overwhelming production 
and release of pro- and anti-inflammatory mediators 
result in rapid MODS and early death.

An initial trauma insult of lower severity 
induces a moderate state of SIRS/CARS. In this 
instance, inflammatory and immune cells undergo 
some “priming”. However, some patients develop 
posttraumatic complications, such as sepsis, AKI, 
ARDS, and MODS. The development of these 
complications is regulated by various exogenous 
and endogenous factors. Among these factors, it is 
important to understand the relationship between 
the biological changes and the anatomical region 
of initial injury. The central nervous system is a 
rich source of inflammatory mediators. Traumatic 
brain injuries (TBI) with the disruption of the 
blood-brain barrier (BBB) allow immune cells to 
migrate into the subarachnoid space, leading to an 
accumulation of leukocytes from the periphery 
[10, 91–93]. Trauma to the chest area, particularly 
lung contusions, leads to an early increase in 
plasma mediators, which is associated with sys-
temic inflammatory and anti- inflammatory reac-
tions, such as pneumonia, ARDS, and MODS 
[94–96]. Patients with severe soft tissue injuries to 
the extremities with resulting hemorrhagic shock 
or severe muscle crush syndrome are at risk of 
developing more serious remote organ injury 
(e.g., AKI). Ischemia/reperfusion injury (I/R) 
leads to the production of large quantities of 
ROS. Femoral fractures with soft tissue injuries 
usually result in alteration of hemodynamic 
parameters such as increased cardiac output, 
tachycardia, decreased systemic vascular resis-
tance, and decreased hepatic blood flow [97]. 
Long bone fractures and unstable pelvic fractures 
are characterized by high blood loss and are asso-
ciated with severe soft tissue injury, which initiate 
both a local and systemic inflammatory response 
[65, 98–102]. These bodies of evidence suggest 
that the initial trauma itself predisposes trauma 
patients to posttraumatic complications.

4.9.2  Two-Hit Theory

Traumatized patients who survive the initial 
injury (“first hit”) may still be at risk of death 
from sepsis and multiple organ failure. Secondary 

insults following the initial injury amplify the 
systemic inflammatory response and upset the 
balance of pro- and anti-inflammatory media-
tors, pro- and anti-coagulatory factors, pro- and 
anti- apoptotic events, and pro- and anti-regener-
ative processes. Secondary insults (“second 
hits”) are compounded by endogenous and exog-
enous factors. Endogenous secondary insults 
include respiratory distress, cardiovascular 
instability, ischemia and reperfusion injury, and 
infection. Exogenous secondary insults include 
surgical and anesthesiological interventions 
[103–105], blood transfusions, and – not to for-
get – missed injuries.

Clinical studies have revealed that orthopedic 
surgical intervention can also cause major 
changes in the inflammatory response, and these 
changes are in proportion to the magnitude of 
surgery. For instance, femoral nailing induces an 
increase in systemic plasma levels of IL-6 and 
IL-10. In these patients, human leukocyte anti-
gen- DR expression on monocytes is reduced as 
well [106, 107]. Furthermore, reamed femoral 
nailing appears to be associated with greater 
impairment of immune reactivity than un-reamed 
nailing [107].

Blood transfusions are a paramount therapy in 
the management of trauma/hemorrhagic shock 
patients. However, various studies have demon-
strated that blood transfusions are associated 
with infection, SIRS, ARDS, and MODS after 
trauma [108–113], also representing a “second 
hit” for the multiply injured patient.

4.9.3  Ischemia/Reperfusion Injury

Ischemia/reperfusion (I/R) injury is a common 
and important event in clinical situations such 
as trauma, hemorrhagic shock, cardiac arrest 
(hypoxemia, hypotension of systemic tissue), 
contusions, lacerations, vascular injuries, and 
compartment syndrome (increased pressure in a 
preformed anatomical compartment with result-
ing hypoperfusion and hypoxemia of local tis-
sue). Inadequate microvascular flow results in 
the activation of leukocytes and converts local 
endothelial cells into a pro-inflammatory and 
pro- thrombotic phenotype. I/R injury consists of 
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two specific stages. During the first stage of isch-
emia and hypoxemia, oxygen and nutrients are 
deprived from tissues temporarily by the disrup-
tion of blood supply. During the ischemic phase, 
the lack of oxygen leads to decreased production 
as well as consumption of adenosine triphos-
phate (ATP). As consumption of ATP continues, 
it is degraded into adenosine diphosphate (ADP) 
and adenosine monophosphate (AMP), which 
is further degraded to inosine and hypoxanthine 
[114]. ATP depletion leads to an alteration in 
intercellular calcium and sodium concentra-
tion. It also results in the activation of cytotoxic 
enzymes such as proteases or phospholipases, 
all cumulating to reversible or irreversible cel-
lular damage. The second stage of reperfusion 
is the revascularization or reestablished supply 
of oxygen to the ischemic tissue. The hallmark 
of the reperfusion phase is the generation of by-
products of neutrophil activation, which induces 
secondary tissue damage and organ dysfunc-
tion. On reperfusion with the reintroduction of 
molecular oxygen into the ischemic tissue, oxy-
gen reacts with leukocytes and endothelial cells 
promoting the generation of reactive oxygen 
species and platelet-activation factor. The inter-
actions of neutrophils and endothelial cells have 
been shown to contribute to massive interstitial 
edema caused by microvascular capillary leak-
age after reperfusion injury.

4.9.4  Barrier Breakdown

The ischemia and reperfusion injury with ATP 
depletion is a major cause for breakdown of phys-
iological organ-blood barriers, such as blood-
brain, blood-gut, and blood-alveolus barrier. 
Broken barriers characterized by diffuse micro-
vascular leakage and tissue edema are thought to 
be main drivers of bacterial translocation (BT) 
and sepsis [115]. Bacterial translocation is defined 
as the phenomenon of both viable and nonviable 
bacteria as well as their products (bacterial cell 
wall components, LPS, and peptidoglycan) cross-
ing the intestinal barrier to external sites such as 
the mesenteric lymph nodes, liver, and spleen. BT 
occurs as a result of a loss of integrity of the gut 

barrier function after trauma, hemorrhagic shock, 
and burns [116], and may be associated with post-
traumatic complications [117, 118]. Although 
most data on BT and its complications have 
shown consistent results in animal models of 
hemorrhagic shock, trauma, and severe burns, its 
importance in humans is questionable, with vari-
able results in clinical studies. In addition, it is 
still debatable whether BT is an important patho-
physiologic event or simply an epiphenomenon of 
severe disease [119].

 Conclusion

Following trauma, acute inflammatory reactions 
may be triggered by infections (bacterial, viral, 
fungal, parasitic) and microbial toxins, or by 
any of several molecules released from necrotic 
tissue (HMGB1, hyaluronic acid, etc.). Pattern 
 recognition receptors (PRRs), including toll-
like receptors, can detect these stimuli and trig-
ger a signaling pathway that leads to the 
production of various mediators. In the acute 
phase of trauma, vasodilatation is induced by 
vasodilatatory mediators (NO, prostaglandins), 
quickly followed by increased permeability of 
the microvasculature. Vasodilatation and extrav-
asation of plasma result in hemoconcentration, 
facilitating the peripheral migration of neutro-
phils. Neutrophil migration from the blood 
stream into interstitial tissue is divided into sev-
eral steps, which are mediated by endothelial 
cell adhesion molecules, cytokines produced by 
monocytes/macrophages and various other 
cells, chemokines, the complement system, and 
arachidonic acid. Migrated neutrophils produce 
several mediators such as neutral protease, reac-
tive oxygen species (ROS), lipids (leukotriene, 
PAF), and tissue factor (TF). These mediators 
act as secondary tissue damage mediators and 
pro-coagulatory factors depending on the degree 
of initial injury as well as additional insults. 
During inflammation, the plasmaic cascade, 
consisting of the complement cascade, the kalli-
krein-kinin system, and the coagulation cascade, 
is activated by toxins and inflammatory media-
tors. Activation of the complement system 
induces generation and  depletion of comple-
ment activation products, causing an increase 
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in vascular permeability, chemotaxis, opsoniza-
tion, activation of the coagulation cascade, and 
trauma-induced complementopathy. Excessive 
activation of the coagulation system results in a 
hypercoagulable state, leading to an acute 
trauma-induced coagulopathy (ATIC). 
Activation of the kallikrein- kinin system results 
in kinins with vasoactive properties. In addition 
to its role in stimulating inflammation, the 
immune system (innate and adaptive) is a main 
driver for the barrier breakdown, clinically evi-
dent as diffuse microvascular leakage syndrome 
and organ failure. The exact knowledge of the 
pathophysiological changes after polytrauma is 
a prerequisite for effective, targeted, and patient-
tailored future therapies to support the immune 
and organ functions after severe tissue trauma.

References

 1. Xiao W, Mindrinos MN, Seok J, et al. A genomic 
storm in critically injured humans. J Exp Med. 
2011;208:2581–90.

 2. Bone RC, Balk RA, Cerra FB, et al. Definitions for 
sepsis and organ failure and guidelines for the use of 
innovative therapies in sepsis. The ACCP/SCCM 
Consensus Conference Committee. American 
College of Chest Physicians/Society of Critical Care 
Medicine. Chest. 1992;101:1644–55.

 3. Gebhard F, Bruckner UB, Strecker W, et al. 
Untersuchungen zur systemischen posttrauma-
tischen Inflammation in der Frühphase nach Trauma, 
Hefte zu der Unfallchirurg, vol. 276. Berlin/
Heidelberg/New York: Springer; 2000. p. 276.

 4. Adib-Conquy M, Cavaillon JM. Compensatory anti- 
inflammatory response syndrome. Thromb Haemost. 
2009;101:36–47.

 5. Gentile LF, Cuenca AG, Efron PA, et al. Persistent 
inflammation and immunosuppression: a common 
syndrome and new horizon for surgical intensive care. 
J Trauma Acute Care Surg. 2012;72:1491–501.

 6. Matzinger P. The danger model: a renewed sense of 
self. Science. 2002;296:301–5.

 7. Gebhard F, Huber-Lang M. Polytrauma–pathophysi-
ology and management principles. Langenbecks 
Arch Surg. 2008;393:825–31.

 8. Lin E, Calvano SE, Lowry SF. Inflammatory cytokines 
and cell response in surgery. Surgery. 2000;127:117–26.

 9. Gruys E, Toussaint MJ, Niewold TA, et al. Acute 
phase reaction and acute phase proteins. J Zhejiang 
Univ Sci B. 2005;6:1045–56.

 10. Keel M, Trentz O. Pathophysiology of polytrauma. 
Injury. 2005;36:691–709.

 11. el Hassan BS, Peak JD, Whicher JT, et al. Acute phase 
protein levels as an index of severity of physical 
injury. Int J Oral Maxillofac Surg. 1990;19:346–9.

 12. Gosling P, Dickson GR. Serum c-reactive protein in 
patients with serious trauma. Injury. 1992;23:483–6.

 13. Taylor KE, van den Berg CW. Structural and func-
tional comparison of native pentameric, denatured 
monomeric and biotinylated C-reactive protein. 
Immunology. 2007;120:404–11.

 14. Castelli GP, Pognani C, Cita M, et al. Procalcitonin 
as a prognostic and diagnostic tool for septic compli-
cations after major trauma. Crit Care Med. 2009; 
37:1845–9.

 15. Mimoz O, Benoist JF, Edouard AR, et al. 
Procalcitonin and C-reactive protein during the early 
posttraumatic systemic inflammatory response syn-
drome. Intensive Care Med. 1998;24:185–8.

 16. Uzzan B, Cohen R, Nicolas P, et al. Procalcitonin as 
a diagnostic test for sepsis in critically ill adults and 
after surgery or trauma: a systematic review and 
meta-analysis. Crit Care Med. 2006;34:1996–2003.

 17. Wanner GA, Keel M, Steckholzer U, et al. 
Relationship between procalcitonin plasma levels 
and severity of injury, sepsis, organ failure, and mor-
tality in injured patients. Crit Care Med. 2000; 
28:950–7.

 18. Lenz A, Franklin GA, Cheadle WG. Systemic inflam-
mation after trauma. Injury. 2007;38:1336–45.

 19. Pillay J, Hietbrink F, Koenderman L, et al. The sys-
temic inflammatory response induced by trauma is 
reflected by multiple phenotypes of blood neutro-
phils. Injury. 2007;38:1365–72.

 20. Trinchieri G. Interleukin-12 and the regulation of 
innate resistance and adaptive immunity. Nat Rev 
Immunol. 2003;3:133–46.

 21. Watford WT, Moriguchi M, Morinobu A, et al. The 
biology of IL-12: coordinating innate and adaptive 
immune responses. Cytokine Growth Factor Rev. 
2003;14:361–8.

 22. Decker D, Schondorf M, Bidlingmaier F, et al. 
Surgical stress induces a shift in the type-1/type-2 
T-helper cell balance, suggesting down-regulation of 
cell-mediated and up-regulation of antibody- 
mediated immunity commensurate to the trauma. 
Surgery. 1996;119:316–25.

 23. Spolarics Z, Siddiqi M, Siegel JH, et al. Depressed 
interleukin-12-producing activity by monocytes cor-
relates with adverse clinical course and a shift 
toward Th2-type lymphocyte pattern in severely 
injured male trauma patients. Crit Care Med. 
2003;31:1722–9.

 24. Heizmann O, Koeller M, Muhr G, et al. Th1- and 
Th2-type cytokines in plasma after major trauma.  
J Trauma. 2008;65:1374–8.

 25. Wick M, Kollig E, Muhr G, et al. The potential pattern 
of circulating lymphocytes TH1/TH2 is not altered 
after multiple injuries. Arch Surg. 2000;135:1309–14.

 26. Brohi K, Singh J, Heron M, et al. Acute traumatic 
coagulopathy. J Trauma. 2003;54:1127–30.

M. Huber-Lang and F. Gebhard



37

 27. Maegele M, Lefering R, Yucel N, et al. Early coagu-
lopathy in multiple injury: an analysis from the 
German Trauma Registry on 8724 patients. Injury. 
2007;38:298–304.

 28. Greuters S, van den Berg A, Franschman G, et al. 
Acute and delayed mild coagulopathy are related to 
outcome in patients with isolated traumatic brain 
injury. Crit Care. 2011;15:R2.

 29. Rossaint R, Bouillon B, Cerny V, et al. The STOP 
the bleeding campaign. Crit Care. 2013;17:136.

 30. Chu AJ. Blood coagulation as an intrinsic pathway 
for proinflammation: a mini review. Inflamm Allergy 
Drug Targets. 2010;9:32–44.

 31. Ritis K, Doumas M, Mastellos D, et al. A novel C5a 
receptor-tissue factor cross-talk in neutrophils links 
innate immunity to coagulation pathways. J 
Immunol. 2006;177:4794–802.

 32. Abraham E. Coagulation abnormalities in acute lung 
injury and sepsis. Am J Respir Cell Mol Biol. 
2000;22:401–4.

 33. Chu AJ. Tissue factor mediates inflammation. Arch 
Biochem Biophys. 2005;440:123–32.

 34. Kanse SM, Gallenmueller A, Zeerleder S, et al. 
Factor VII-activating protease is activated in multi-
ple trauma patients and generates anaphylatoxin 
C5a. J Immunol. 2012;188:2858–65.

 35. Riddel Jr JP, Aouizerat BE, Miaskowski C, et al. 
Theories of blood coagulation. J Pediatr Oncol Nurs. 
2007;24:123–31.

 36. Rigby AC, Grant MA. Protein S: a conduit between 
anticoagulation and inflammation. Crit Care Med. 
2004;32:S336–41.

 37. Shakur H, Roberts I, Bautista R, et al. Effects of 
tranexamic acid on death, vascular occlusive events, 
and blood transfusion in trauma patients with signifi-
cant haemorrhage (CRASH-2): a randomised, 
placebo- controlled trial. Lancet. 2010;376:23–32.

 38. Burk AM, Martin M, Flierl MA, et al. Early comple-
mentopathy after multiple injuries in humans. 
Shock. 2012;37:348–54.

 39. Hecke F, Schmidt U, Kola A, et al. Circulating com-
plement proteins in multiple trauma patients–corre-
lation with injury severity, development of sepsis, 
and outcome. Crit Care Med. 1997;25:2015–24.

 40. Fosse E, Pillgram-Larsen J, Svennevig JL, et al. 
Complement activation in injured patients occurs 
immediately and is dependent on the severity of the 
trauma. Injury. 1998;29:509–14.

 41. Mollnes TE, Fosse E. The complement system in 
trauma-related and ischemic tissue damage: a brief 
review. Shock. 1994;2:301–10.

 42. Amara U, Kalbitz M, Perl M, et al. Early expression 
changes of complement regulatory proteins and C5A 
receptor (CD88) on leukocytes after multiple injury 
in humans. Shock. 2010;33:568–75.

 43. Mastellos D, Lambris JD. Complement: more than a 
‘guard’ against invading pathogens? Trends 
Immunol. 2002;23:485–91.

 44. Sugimoto K, Hirata M, Majima M, et al. Evidence 
for a role of kallikrein-P6nin system in patients with 
shock after blunt trauma. Am J Physiol. 1998;274: 
R1556–60.

 45. Joseph K, Kaplan AP. Formation of bradykinin: a 
major contributor to the innate inflammatory 
response. Adv Immunol. 2005;86:159–208.

 46. Amara U, Flierl MA, Rittirsch D, et al. Molecular 
intercommunication between the complement and 
coagulation systems. J Immunol. 2010;185:5628–36.

 47. Gebhard F, Pfetsch H, Steinbach G, et al. Is interleukin 
6 an early marker of injury severity following major 
trauma in humans? Arch Surg. 2000;135:291–5.

 48. Dinarello CA. Proinflammatory cytokines. Chest. 
2000;118:503–8.

 49. Ayala A, Perrin MM, Meldrum DR, et al. 
Hemorrhage induces an increase in serum TNF 
which is not associated with elevated levels of endo-
toxin. Cytokine. 1990;2:170–4.

 50. Rabinovici R, John R, Esser KM, et al. Serum tumor 
necrosis factor-alpha profile in trauma patients.  
J Trauma. 1993;35:698–702.

 51. Rhee P, Waxman K, Clark L, et al. Tumor necrosis 
factor and monocytes are released during hemor-
rhagic shock. Resuscitation. 1993;25:249–55.

 52. Roumen RM, Hendriks T, van der Ven-Jongekrijg J, 
et al. Cytokine patterns in patients after major vascu-
lar surgery, hemorrhagic shock, and severe blunt 
trauma. Relation with subsequent adult respiratory 
distress syndrome and multiple organ failure. Ann 
Surg. 1993;218:769–76.

 53. Stylianos S, Wakabayashi G, Gelfand JA, et al. 
Experimental hemorrhage and blunt trauma do not 
increase circulating tumor necrosis factor. J Trauma. 
1991;31:1063–7.

 54. Zingarelli B, Squadrito F, Altavilla D, et al. Role of 
tumor necrosis factor-alpha in acute hypovolemic 
hemorrhagic shock in rats. Am J Physiol. 1994;266: 
H1512–5.

 55. Biffl WL, Moore EE, Moore FA, et al. Interleukin-6 in 
the injured patient. Marker of injury or mediator of 
inflammation? Ann Surg. 1996;224:647–64.

 56. Pape HC, Tsukamoto T, Kobbe P, et al. Assessment 
of the clinical course with inflammatory parameters. 
Injury. 2007;38:1358–64.

 57. Partrick DA, Moore FA, Moore EE, et al. Jack 
A. Barney Resident Research Award winner. The 
inflammatory profile of interleukin-6, interleukin-8, 
and soluble intercellular adhesion molecule-1 in 
postinjury multiple organ failure. Am J Surg. 1996; 
172:425–9.

 58. Pape HC, van Griensven M, Rice J, et al. Major sec-
ondary surgery in blunt trauma patients and periop-
erative cytokine liberation: determination of the 
clinical relevance of biochemical markers. J Trauma. 
2001;50:989–1000.

 59. DeLong Jr WG, Born CT. Cytokines in patients with 
polytrauma. Clin Orthop Relat Res. 2004;(422):57–65.

4 Inflammatory Changes and Coagulopathy in Multiply Injured Patients



38

 60. Donnelly SC, Strieter RM, Kunkel SL, et al. 
Interleukin-8 and development of adult respiratory 
distress syndrome in at-risk patient groups. Lancet. 
1993;341:643–7.

 61. Pallister I, Dent C, Topley N. Increased neutrophil 
migratory activity after major trauma: a factor in the 
etiology of acute respiratory distress syndrome? Crit 
Care Med. 2002;30:1717–21.

 62. Oswald IP, Wynn TA, Sher A, et al. Interleukin 10 
inhibits macrophage microbicidal activity by block-
ing the endogenous production of tumor necrosis 
factor alpha required as a costimulatory factor for 
interferon gamma-induced activation. Proc Natl 
Acad Sci U S A. 1992;89:8676–80.

 63. Armstrong L, Millar AB. Relative production of 
tumour necrosis factor alpha and interleukin 10 in 
adult respiratory distress syndrome. Thorax. 1997; 
52:442–6.

 64. Donnelly SC, Strieter RM, Reid PT, et al. The asso-
ciation between mortality rates and decreased con-
centrations of interleukin-10 and interleukin-1 
receptor antagonist in the lung fluids of patients with 
the adult respiratory distress syndrome. Ann Intern 
Med. 1996;125:191–6.

 65. Giannoudis PV, Smith RM, Perry SL, et al. 
Immediate IL-10 expression following major ortho-
paedic trauma: relationship to anti-inflammatory 
response and subsequent development of sepsis. 
Intensive Care Med. 2000;26:1076–81.

 66. Neidhardt R, Keel M, Steckholzer U, et al. 
Relationship of interleukin-10 plasma levels to 
severity of injury and clinical outcome in injured 
patients. J Trauma. 1997;42:863–70.

 67. Pajkrt D, Camoglio L, Tiel-van Buul MC, et al. 
Attenuation of proinflammatory response by recom-
binant human IL-10 in human endotoxemia: effect 
of timing of recombinant human IL-10 administra-
tion. J Immunol. 1997;158:3971–7.

 68. Opal SM, DePalo VA. Anti-inflammatory cytokines. 
Chest. 2000;117:1162–72.

 69. Phipps RP, Stein SH, Roper RL. A new view of pros-
taglandin E regulation of the immune response. 
Immunol Today. 1991;12:349–52.

 70. Tilg H, Trehu E, Atkins MB, et al. Interleukin-6 (IL- 
6) as an anti-inflammatory cytokine: induction of 
circulating IL-1 receptor antagonist and soluble 
tumor necrosis factor receptor p55. Blood. 1994; 
83:113–8.

 71. Sasaki M, Joh T. Oxidative stress and ischemia- 
reperfusion injury in gastrointestinal tract and anti-
oxidant, protective agents. J Clin Biochem Nutr. 
2007;40:1–12.

 72. Cristofori L, Tavazzi B, Gambin R, et al. Early onset 
of lipid peroxidation after human traumatic brain 
injury: a fatal limitation for the free radical scaven-
ger pharmacological therapy? J Investig Med. 
2001;49:450–8.

 73. Kong SE, Blennerhassett LR, Heel KA, et al. 
Ischaemia-reperfusion injury to the intestine. Aust N 
Z J Surg. 1998;68:554–61.

 74. Remick DG, Villarete L. Regulation of cytokine 
gene expression by reactive oxygen and reactive 
nitrogen intermediates. J Leukoc Biol. 1996;59: 
471–5.

 75. Schreck R, Rieber P, Baeuerle PA. Reactive oxygen 
intermediates as apparently widely used messengers 
in the activation of the NF-kappa B transcription fac-
tor and HIV-1. EMBO J. 1991;10:2247–58.

 76. Gasic AC, McGuire G, Krater S, et al. Hydrogen 
peroxide pretreatment of perfused canine vessels 
induces ICAM-1 and CD18-dependent neutrophil 
adherence. Circulation. 1991;84:2154–66.

 77. Hua R, Chen FX, Zhang YM, et al. Association of 
traumatic severity with change in lymphocyte 
 subsets in the early stage after trauma. Zhonghua 
Wei Zhong Bing Ji Jiu Yi Xue. 2013;25:489–92.

 78. Zallen G, Moore EE, Johnson JL, et al. Circulating 
postinjury neutrophils are primed for the release of 
proinflammatory cytokines. J Trauma. 1999;46:42–8.

 79. Law MM, Cryer HG, Abraham E. Elevated levels of 
soluble ICAM-1 correlate with the development of 
multiple organ failure in severely injured trauma 
patients. J Trauma. 1994;37:100–9.

 80. Seekamp A, Jochum M, Ziegler M, et al. Cytokines 
and adhesion molecules in elective and accidental 
trauma-related ischemia/reperfusion. J Trauma. 
1998;44:874–82.

 81. Simon SI, Green CE. Molecular mechanics and 
dynamics of leukocyte recruitment during inflamma-
tion. Annu Rev Biomed Eng. 2005;7:151–85.

 82. Ayala A, Ertel W, Chaudry IH. Trauma-induced sup-
pression of antigen presentation and expression of 
major histocompatibility class II antigen complex in 
leukocytes. Shock. 1996;5:79–90.

 83. Chalifour A, Jeannin P, Gauchat JF, et al. Direct bac-
terial protein PAMP recognition by human NK cells 
involves TLRs and triggers alpha-defensin produc-
tion. Blood. 2004;104:1778–83.

 84. Lanier LL. NK cell recognition. Annu Rev Immunol. 
2005;23:225–74.

 85. Morrison G, Cunningham-Rundles S, Clowes Jr 
GH, et al. Augmentation of NK cell activity by a cir-
culating peptide isolated from the plasma of trauma 
patients. Ann Surg. 1986;203:21–4.

 86. Lodoen MB, Lanier LL. Natural killer cells as an ini-
tial defense against pathogens. Curr Opin Immunol. 
2006;18:391–8.

 87. Joshi P, Hauser CJ, Jones Q, et al. Mechanism of 
suppression of natural killer cell activity in trauma 
patients. Res Commun Mol Pathol Pharmacol. 
1998;101:241–8.

 88. Barkhausen T, Frerker C, Putz C, et al. Depletion of 
NK cells in a murine polytrauma model is associated 
with improved outcome and a modulation of the 
inflammatory response. Shock. 2008;30:401–10.

 89. Chiche L, Forel JM, Thomas G, et al. The role of 
natural killer cells in sepsis. J Biomed Biotechnol. 
2011;2011:986491.

 90. Badgwell B, Parihar R, Magro C, et al. Natural killer 
cells contribute to the lethality of a murine model of 

M. Huber-Lang and F. Gebhard



39

Escherichia coli infection. Surgery. 2002;132: 
205–12.

 91. Ghirnikar RS, Lee YL, Eng LF. Inflammation in 
traumatic brain injury: role of cytokines and chemo-
kines. Neurochem Res. 1998;23:329–40.

 92. Morganti-Kossmann MC, Satgunaseelan L, Bye N, 
et al. Modulation of immune response by head 
injury. Injury. 2007;38:1392–400.

 93. Schmidt OI, Heyde CE, Ertel W, et al. Closed head 
injury–an inflammatory disease? Brain Res Brain 
Res Rev. 2005;48:388–99.

 94. Knoferl MW, Liener UC, Perl M, et al. Blunt chest 
trauma induces delayed splenic immunosuppression. 
Shock. 2004;22:51–6.

 95. Perl M, Gebhard F, Bruckner UB, et al. Pulmonary 
contusion causes impairment of macrophage and 
lymphocyte immune functions and increases mortal-
ity associated with a subsequent septic challenge. 
Crit Care Med. 2005;33:1351–8.

 96. Strecker W, Gebhard F, Perl M, et al. Biochemical 
characterization of individual injury pattern and 
injury severity. Injury. 2003;34:879–87.

 97. Schirmer WJ, Schirmer JM, Townsend MC, et al. 
Femur fracture with associated soft-tissue injury 
produces hepatic ischemia. Possible cause of hepatic 
dysfunction. Arch Surg. 1988;123:412–5.

 98. Giannoudis PV, Pape HC, Cohen AP, et al. Review: 
systemic effects of femoral nailing: from Kuntscher 
to the immune reactivity era. Clin Orthop Relat Res. 
2002;(404):378–86.

 99. Hauser CJ, Joshi P, Zhou X, et al. Production of 
interleukin-10 in human fracture soft-tissue hemato-
mas. Shock. 1996;6:3–6.

 100. Hauser CJ, Zhou X, Joshi P, et al. The immune 
microenvironment of human fracture/soft-tissue 
hematomas and its relationship to systemic immu-
nity. J Trauma. 1997;42:895–903.

 101. Pape HC, Schmidt RE, Rice J, et al. Biochemical 
changes after trauma and skeletal surgery of the 
lower extremity: quantification of the operative bur-
den. Crit Care Med. 2000;28:3441–8.

 102. Perl M, Gebhard F, Knoferl MW, et al. The pattern of 
preformed cytokines in tissues frequently affected 
by blunt trauma. Shock. 2003;19:299–304.

 103. Angele MK, Chaudry IH. Surgical trauma and 
immunosuppression: pathophysiology and potential 
immunomodulatory approaches. Langenbecks Arch 
Surg. 2005;390:333–41.

 104. Flohe S, Flohe SB, Schade FU, et al. Immune 
response of severely injured patients–influence of 

surgical intervention and therapeutic impact. 
Langenbecks Arch Surg. 2007;392:639–48.

 105. Ni CN, Redmond HP. Cell response to surgery. Arch 
Surg. 2006;141:1132–40.

 106. Giannoudis PV, Smith RM, Bellamy MC, et al. 
Stimulation of the inflammatory system by reamed and 
unreamed nailing of femoral fractures. An analysis of 
the second hit. J Bone Joint Surg Br. 1999;81:356–61.

 107. Smith RM, Giannoudis PV, Bellamy MC, et al. 
Interleukin-10 release and monocyte human leuko-
cyte antigen-DR expression during femoral nailing. 
Clin Orthop Relat Res. 2000;(373):233–40.

 108. Malone DL, Dunne J, Tracy JK, et al. Blood transfu-
sion, independent of shock severity, is associated with 
worse outcome in trauma. J Trauma. 2003;54:898–905.

 109. Moore EE, Johnson JL, Cheng AM, et al. Insights 
from studies of blood substitutes in trauma. Shock. 
2005;24:197–205.

 110. Moore FA, Moore EE, Sauaia A. Blood transfusion. 
An independent risk factor for postinjury multiple 
organ failure. Arch Surg. 1997;132:620–4.

 111. Sauaia A, Moore FA, Moore EE, et al. Early predic-
tors of postinjury multiple organ failure. Arch Surg. 
1994;129:39–45.

 112. Shander A. Emerging risks and outcomes of blood trans-
fusion in surgery. Semin Hematol. 2004;41:117–24.

 113. Silliman CC, Moore EE, Johnson JL, et al. 
Transfusion of the injured patient: proceed with cau-
tion. Shock. 2004;21:291–9.

 114. Nakao A, Kaczorowski DJ, Sugimoto R, et al. 
Application of heme oxygenase-1, carbon monoxide 
and biliverdin for the prevention of intestinal isch-
emia/reperfusion injury. J Clin Biochem Nutr. 
2008;42:78–88.

 115. Goldenberg NM, Steinberg BE, Slutsky AS, et al. 
Broken barriers: a new take on sepsis pathogenesis. 
Sci Transl Med. 2011;3:88ps25.

 116. Macintire DK, Bellhorn TL. Bacterial translocation: 
clinical implications and prevention. Vet Clin North 
Am Small Anim Pract. 2002;32:1165–78.

 117. Fukushima R, Alexander JW, Gianotti L, et al. 
Bacterial translocation-related mortality may be 
associated with neutrophil-mediated organ damage. 
Shock. 1995;3:323–8.

 118. Nieuwenhuijzen GA, Goris RJ. The gut: the ‘motor’ 
of multiple organ dysfunction syndrome? Curr Opin 
Clin Nutr Metab Care. 1999;2:399–404.

 119. Lichtman SM. Bacterial [correction of baterial] 
translocation in humans. J Pediatr Gastroenterol 
Nutr. 2001;33:1–10.

4 Inflammatory Changes and Coagulopathy in Multiply Injured Patients



41© Springer-Verlag Berlin Heidelberg 2016 
H.-C. Pape et al. (eds.), The Poly-Traumatized Patient with Fractures:  
A Multi-Disciplinary Approach, DOI 10.1007/978-3-662-47212-5_5

Pathophysiology of Polytrauma

Theodoros Tosounidis and Peter V. Giannoudis

T. Tosounidis, MD (*) • P.V. Giannoudis, MD, FRCS 
Trauma and Orthopaedic Surgery,  
Leeds General Infirmary, A Floor Clarendon Wing, 
Leeds General Infirmary, Great George Street,  
Leeds LS1 3EX, UK
e-mail: ttosounidis@yahoo.com;  
pgiannoudi@aol.com

5

Contents

5.1  Introduction  41

5.2  Initial Response  42

5.3  Inflammatory Response  43

5.4  Clinical Course and Appropriate Actions  46

5.5  Clinical Course and Immunomarkers  48

 References  51

5.1  Introduction

Recent advances in seminal fields of medicine 
have refined our contemporary understanding of 
the pathophysiology of polytraumatized patient 
and allowed the application of novel treatment 
strategies in the management of patients with 
multiple injuries. Although the definition of the 
polytraumatized patient is still an issue of dis-
cussion [1], it is nowadays common knowledge 
that the cascade of physiologic adaptations to 
obtain and maintain homeostasis after severe 
trauma is a multifaceted phenomenon that mainly 
involves the cardiorespiratory and immune sys-
tems. Recent technical advances in the field of 
genotyping have contributed to detection of poly-
morphisms and haplotypes of genes related to 
inflammatory molecules. A promising and grow-
ing body of evidence is emerging with regard 
to genetic predisposition of complications after 
major trauma. Identification of patients prone to 
developing complications based in their genome 
profile will probably allow tailoring the diagno-
sis and therapeutic interventions on an individual 
basis. Nevertheless the results of this research 
have not yet been translated to everyday clinical 
practice.

The cardiovascular adaptation to trauma leads 
to early clinically observed changes better 
described as the three phases of hypodynamic 
flow, the hyperdynamic flow, and the recovery 
[2, 3]. Stress reaction to trauma involves the 
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activation of the immune system and the develop-
ment of both the systemic inflammatory response 
syndrome (SIRS) and the counter anti-inflamma-
tory response syndrome (CARS). Under ideal 
circumstances a fine balance between those two 
immune reactions is maintained and the recovery 
is uneventful. On the contrary an exaggerated 
SIRS might lead to adult respiratory distress syn-
drome (ARDS), multiple organ dysfunction 
(MOD), or even death while a decompensated 
CARS could contribute to immunosuppression 
and early sepsis [4, 5]. The rationale of contem-
porary management of the polytrauma patient 
has been based on the understanding of the impli-
cations of actions and interventions early in the 
course of trauma that might potentially alter the 
equilibrium of these two immune reactions. In 
selected group of patients being at high risk of 
complications, Damage control surgery has 
replaced the early total care as the conceptual 
framework of polytrauma management [2, 6]. 
The classification of polytrauma patients accord-
ing to their physiology and response after pre-
hospital and emergency resuscitation is currently 
used to guide the most appropriate course of 
action minimizing the impact of the second hit to 
the physiology of the patient thus providing the 
grounds for decreased mortality and posttrau-
matic complications [6]. This approach repre-
sents a paradigm shift in the management of 
polytraumatized patients that is based on the evi-
dence provided by understanding the pathophysi-
ologic mechanisms involved in the setting of 
polytrauma.

5.2  Initial Response

The local tissue damage (fractures, soft tissue 
injury), primary organ injury (lung, head), acido-
sis, hypoxia, and pain perception trigger the acti-
vation of local and systematic reactions in order 
to control hemorrhage and the function of vital 
organs [7]. All together represent the traumatic 
load posed to the organism after the initial injury.

The initial major threats during the first hours 
after injury include hypovolemia due to hemor-
rhage, hypoxia, and hypercapnia due to direct 

lung injury and indirect lung insult, hypothermia, 
and the direct and indirect traumatic brain inju-
ries. The resuscitation efforts during the initial 
approach of the polytrauma are limited only to 
life saving procedures as these are described by 
the ATLS protocol. A reliable method to charac-
terize the patients’ physiology at the scene of 
injury is to classify the degree of shock [8]. 
Specific attention should be paid in certain cate-
gories of patients such as the very young and the 
athletes who can sufficiently compensate shock 
before rapid and possibly fatal deterioration.

The current pre-hospital at scene management 
is based on the “scoop and run” perspective [9] 
which relies on a rapid assessment of the injuries, 
securing the airway, controlling the major bleed-
ing, and supporting the circulation until the 
patient arrives to hospital. In addition to ATLS, 
standardized life-saving procedures and hospital 
protocols based on local resources have been 
established over the years assisting the clinicians 
with the decision-making process. The impor-
tance of the trauma network and the effective 
collaboration between the central major trauma 
center, peripheral hospitals, and ambulance ser-
vices is of paramount importance [10].

The so-called end points of resuscitation 
include stable hemodynamics with no require-
ment of inotropic support, stable oxygen satura-
tion, lactate level less than 2 mmol/L, no 
coagulation disturbances, normal temperature, 
urinary output greater than 1 mL/kg/h [6]. These 
parameters provide an indirect estimation or 
intravascular volume restoration and oxygen 
delivery and consumption by the tissues. The end 
points of resuscitation are currently used to phys-
iologically classify the patient and dictate the 
most appropriate course of action [6]. Of note is 
the fact that the decreased base deficit and the 
elevated lactate levels at the time of admission 
still remain an invaluable index in reflecting mor-
tality in blunt trauma patients as this was demon-
strated in a recent prognostic study that included 
2269 patients with Injury Severity Score >12 
[11]. On the other hand newer indices such as the 
shock index (Heart Rate/Systolic Blood Pressure) 
and new markers such as Shock Index × age, 
Systolic Blood Pressure/age, Maximum Heart 
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Rate (220 – age) – Heart Rate, and Heart Rate/
maximum HR seem to better correlate with mor-
tality at 48 h and might represent better triage 
tools in some trauma patients, that is, patients 
without head and or spine injury and no pre- 
hospital intubation or cardiac arrest [12].

It is contemporary knowledge that trauma- 
induced coagulopathy (TIC) is a major key fac-
tor in the pathophysiological derangements that 
occurs after severe trauma and significantly con-
tributes to severe hemorrhage. Almost one third 
of the patients with severe trauma suffer from 
coagulopathy [13] and its management is of par-
amount importance in the success of the resusci-
tation efforts. The above term pertains to acute 
intrinsic coagulopathy and the mechanisms 
involved in its pathophysiology are thought 
to be more complex than the simplistic expla-
nation of “dilutional coagulopathy” [14–16]. 
Several anticoagulation mechanisms such as the 
 thrombin-thrombomodulin- protein C antico-
agulant system [17, 18] and decreased activated 
protein C [18, 19] are considered to be involved 
in the pathogenesis of TIC. Additionally fibri-
nolysis [20, 21] and platelet dysfunction even in 
the degree of a mild decrease in their aggrega-
tion adversely affect coagulation in trauma [22, 
23]. The endothelial damage due to systemic 
inflammation and trauma-induced complemen-
topathy seem also to play a significant role in 
the development of coagulation disturbances 
[24, 25]. Moreover, hemodilution resulting 
from resuscitation with high volume of crys-
talloids [26] is correlated to defective coagula-
tion, which in case of severe hypothermia and 
acidosis can be fatal [27]. The triad of acidosis, 
coagulopathy, and hypothermia is known to be 
well associated to very increased mortality and 
its presence denotes that the patient is very close 
to death (“in extremis” patient). Consequently, 
prevention of heat loss and bleeding control 
along with reversal of coagulopathy constitute 
the clinical management priorities [28]. In this 
context, the concept of permissive or “damage 
control resuscitation” with permissive hypoten-
sion has evolved to minimize the detrimental 
effects of hemorrhage in trauma patients [29].

The immediate central nervous system 
response after major trauma is mainly driven by 
the activation of the neuroendocrine axis. Pain 
and fear, the by-products of metabolism, that 
cross the blood-brain barrier and brain injury 
itself are the basic stimuli for the activation of 
this axis. The hypothalamus and subsequently the 
sympathetic-adrenal system are activated. In 
addition stimuli from aortic and carotid receptors 
trigger the renin-angiotensin system in an effort 
to control blood pressure through vasoconstric-
tion and increased heart rate [7, 30]. At the same 
time the organism enters a reduced metabolic 
state in order to minimize the energy expenditure 
[7, 30, 31].

5.3  Inflammatory Response

Nowadays, it is well recognized that major 
trauma induces an intense immuno-inflamma-
tory response. The magnitude of this response 
depends on the initial trauma load, the pain stim-
uli, the systemic and local release of pro-inflam-
matory cytokines, the age, the sex as well as the 
genetic make-up of the patient. The activation of 
various cells such as polymorphonuclear leuko-
cytes (PMNL), monocytes, lymphocytes, natural 
killer (NK), and parenchymal cells leads to dys-
function of the endothelial membrane of almost 
every vital organ and the development of SIRS 
[7, 32, 33]. The microenvironment theory [34] 
describes the interactions between PMNL and 
endothelial cells facilitated by the expression of 
adhesion molecules. When firm adhesion is 
established then the PMNL can extravasate and 
induce remote organ injury [34]. This injury 
affects not only the tissues at the site of injury 
but the endothelium of vital organs and espe-
cially the lung. Activated neutrophils migrate to 
the site of injury. Vascular endothelial damage 
and increased endothelial permeability may 
occur leading to generalized hypoxemia causing 
further sequestration and priming of neutrophils 
and macrophages facilitating activation of the 
coagulation, complement and the prostaglandin 
system [35].
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Apart from the aforementioned systemic early 
innate response, paracrine action of locally pro-
duced inflammatory mediators plays a significant 
role. Prostaglandins and thromboxanes from 
damaged endothelial membranes, as well as his-
tamine, bradykinin, and kallidin from interstitial 
mast cells, are locally produced and can magnify 
capillary permeability and local tissue edema. At 
the same time the cascade of these events can be 
amplified from the dissemination of these media-
tors to the peripheral bloodstream [35].

In the early phase, major trauma also triggers 
the release of signaling molecules called alarmins 
that mainly play a role in the activation of innate 
immune response without the presence of a bac-
terial focus. The alarmins are released factors, 
antigens, and cell debris from the traumatized/
dead tissue. Alarmins are also chemoattractants 
and activators of antigen  presenting cells (APCs) 
[36]. They belong to the so- called damage asso-
ciated molecular patterns (DAMPs) [37] that 
include the alarmins and the pathogen associated 
molecular patterns (PAMPs). PAMPs represent 
inflammatory molecules of microbial origin rec-
ognized by the immune system as foreign due to 
their peculiar molecular patterns. Alarmins act 
as “danger molecules” and are actively secreted 
from the dead cells in the site of injury and pas-
sively released from cells that are in the process 
of imminent cellular death or apoptosis (Fig. 5.1) 
[38, 39]. The “danger molecules,” that is, endog-
enous alarmins and exogenous PAMPs collec-
tively interact with pattern recognition receptors 
(PRRs) and upon their detection from immune 
system cells trigger inflammatory, chemotactic, 
antimicrobial, and adaptive immune cell reac-
tions [40]. In a recent study [41], the presence of 
mitochondrial DAMPs in circulation after trauma 
was evident and the common pathway of immune 
system response that results in a sepsis-like state 
was demonstrated. Antibacterial peptides, S100, 
heat-shock proteins and high-mobility group 
box 1 (HMGB1), with the latter being the most 
important are some of the molecules included 
in the family of alarmins [42]. Our knowledge 
about these molecules has substantiated over 
the last years and their role in the development 
of the “aseptic SIRS” and the pathogenesis of 

multiple organ dysfunction syndrome (MODS) 
is under ongoing investigation. In fact blockade 
of HMGB1 in animal models of trauma has been 
shown to decrease the inflammatory response 
and to improve outcomes [43, 44]. Nevertheless, 
DAMPs targeting strategies that could poten-
tially be used in clinical practice have not been 
yet evolved for the patients with SIRS [45]. From 
the alarmin receptors, the toll-like receptor 4 
(TLR4) seems to represent the most important 
one [40]. It has been demonstrated that the alar-
min HMGB1 is released early after severe trauma 
and shock, activates the TLR4, and is associated 
with traumatic coagulopathy and other systemic 
inflammatory markers. Moreover, elevated levels 
of HMGB1 are correlated to increase morbidity 
and mortality [45, 46]. Furthermore, it has been 
shown that increased peripheral blood levels of 
histone-complex DNA fragments, that is, extra-
cellular nucleic constituents released from dam-
aged tissue after trauma play a role in endothelial 
damage, hypercoagulable state, and inflamma-
tion in the early course of trauma [47].

Cytokines are polypeptides that are produced 
from a variety of cells such as monocytes/macro-
phages and T-helper lymphocytes. Interleukin-1 
(IL-1), IL-6, IL-8, IL-10 and tumor necrosis 
factor (TNF) are cytokines that transmit signals 
between cells thus enhancing their communica-
tion and playing an important role in the devel-
opment of SIRS and MODS. In particular, TNF 
activates cells such as NK-cell and macrophages 
and induces apoptosis [48]. It leads to thromboxane 
A2, prostaglandin, selectin, platelet activation 
factor, and intracellular adhesion molecules pro-
duction. It exerts its effects via remote and local 
action. Up-to-date effective inhibition of TNF 
has not been successful although blocking it 
might work in septic patients [49].

Interleukin 1 (IL-1) is another cytokine 
involved in signaling during major trauma. Its 
secretion pathway has not been fully understood 
so far. It induces T-cell and macrophage applica-
tion and activates a cascade that leads to tran-
scription of many different pro-inflammatory 
cytokines [35]. Interleukin 6 (IL-6) is the most 
extensively studied cytokine that is promptly 
detectable after major trauma (within hours). 
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Its plasma half-life and the consistent pattern of 
expression have established it as the most widely 
studied pro-inflammatory molecule [50]. It regu-
lates growth and differentiation of lymphocytes, 
and activates NK-cells and neutrophils. At the 
same time it inhibits the apoptosis of neutrophils 
having therefore a role both as a pro- inflammatory 
and anti-inflammatory protein [51, 52]. In animal 
models it has been shown that blockade of IL-6 
increases survival [53]. It has also been proved 
that a certain cut-off of 200 pg/dl could effec-
tively be used as a diagnostic and predictive 
means of SIRS and later complications in the 
clinical setting [50]. IL-8 belongs to chemotactic 
cytokines which are called chemokines and act as 
chemoattractants. Depending on its concentra-
tion gradient IL-8 can act as an angiogenic factor 
and a very effective chemmoattractant. It  activates 
the neutrophills as well as lymphocytes, mono-
cytes, endothelial cells, and fibroblasts [54].

The physiologic response to trauma is a multi-
faceted phenomenon that can be influenced and 
modified by several different variables. It has 
been shown to be gender dependent and the role 
of sex hormones in the course of postinjury 
immune response is now accepted. In animal 
models, males and ovariectomized females 
exhibit a more intense alteration in immune func-
tion following hemorrhage after trauma [55]. 
Females have demonstrated a relative better 
response to traumatic shock and hemorrhage 
compared to males [56, 57]. In a retrospective 
analysis of 43,394 patients Haider et al. [58] dem-
onstrated an increased survival rate among 
severely injured females (ISS > 16 and systolic 
blood pressure <90 mmHg) between 13 and 64 
years of age who sustained shock after trauma. 
Asimilar difference has not in mortality was 
observed in younger and elderly patients, that is, 
patients not affected by sex hormones a finding 
that suggests the possible contribution of hor-
mones to sex- based mortality after shock follow-
ing trauma. Furthermore, a recent large 
retrospective analysis of 244,371 adult patients 
with blunt trauma and ISS > 16 revealed that 
Asian females had a 40 % lower risk of mortality 
relative to Asian males suggesting that in Asian 
race there is a sex-based outcome difference [59]. 

These findings underpin the racial and gender-
based differences in outcome after significant 
trauma.

In recent years there is a growing body of evi-
dence that posttraumatic complications could be 
influenced by the genetic background (genotype) 
of each patient and that genotyping might be help-
ful in detecting complication prone polytrauma 
patients [33, 60–63]. The application of genomic 
studies to practice is a promising evolving field that 
will probably affect our perspectives and manage-
ment of polytrauma in the near future and will 
allow a more personalized approach to our patients 
[63, 64]. Bronkhorst et al. [65] performed genotyp-
ing of single-nucleotide polymorphisms in Toll-
like receptor and cluster of differentiation 14 
(CD14) genes in 219 polytraumatized patients and 
detected that the presence of a specific type of 
TLR2 genotype increased the risk of developing 
gram-positive infection and SIRS. Similarly, spe-
cific single nucleotide polymorphisms in the lectin 
pathway have been found to correlate with 
increased risk of developing sepsis, SIRS, and sep-
tic shock in polytrauma patients [66]. Additionally, 
three single nucleotide polymorphisms and haplo-
types were found to be associated with increased 
production of high-mobility group box protein 1 in 
the peripheral blood and the increased risk of 
MODS and sepsis in trauma patients was suggested 
[67]. An overview of the most recent studies inves-
tigating the association of specific gene polymor-
phism with the development of complications in 
polytrauma patients is presented in Table 5.1.

5.4  Clinical Course 
and Appropriate Actions

The extent of the inflammatory response is 
mainly dependent on the magnitude of the trau-
matic load during injury. This response (SIRS) 
can be very intense due to the initial injury (first 
hit) or can be exaggerated from actions and inter-
vention during treatment (second hit) [27, 43]. 
Any additional interventional (e.g., massive trans-
fusions) or surgical (e.g., prolonged operations, 
operations with severe tissue damage) load, repre-
sents an exogenous hit. Furthermore antigenic 
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load from infections, ischemia/reperfusion inju-
ries, acidosis, respiratory or cardiovascular dis-
tress, add an endogenous hit. An uncontrolled 
inflammatory response may lead to remote organ 
damage primarily in the lung leading to the 
development of adult respiratory distress syn-
drome (ARDS), MODS, and potentially death. 
At the same time CARS is evolving. If this 
hypoinflammation state is overwhelming, it may 
lead to immune-suppression that is responsible 
for the subsequent septic complications [78, 79]. 
An uneventful clinical course indicates that a fine 
balance between these extreme reactions of the 
immune system has prevailed.

Staging of the physiological status of the 
patient after the initial assessment and life-saving 
procedures dictates the sequence and priorities of 
any further actions. The patient may be classified 
in one of four categories: stable, borderline, 
unstable, and extremis [23, 48]. Stable patients 
have no immediate life-threatening injuries and 
do not need inotropic support to become hemo-
dynamically stable. Borderline patients have 
been stabilized during the initial period but the 
type of their injuries makes them vulnerable to 
further rapid deterioration. Unstable patients 
have not achieved the end points of resuscitation 
and are hemodynamically unstable. Extremis 
patients usually suffer from the lethal triad and 
require inotropic support. These patients are very 
“sick” and usually they succumb as a result of 
their injuries. Extreme vigilance is required in 
specific patient groups such as the children, 
young adults, and athletes since shock can be ini-
tially compensated until rapid deterioration 
occurs. The clinical condition of the patient in 
any given time reflects a stage in ongoing evolv-
ing immune inflammatory reactions. If the mag-
nitude of the initial trauma is well tolerated and 
physiological markers of stress are not abnormal, 
early implementation of definite care can be per-
formed with subsequent uneventful recovery. If 
the initial injury is of great magnitude then hem-
orrhage control takes priority and temporary sta-
bilization of musculoskeletal injuries utilizing 
external fixators is performed, in order to mini-
mize the second hit insult and to protect the 
organism from an exaggerated SIRS, which 

might lead to ARDS, MODS, or even death. 
Secondary definitive treatment and reconstruc-
tion procedures can be performed when the clini-
cal condition of the patient allows. The rationale 
behind any intervention is to eliminate the extent 
of the “second hit” whenever possible [27, 48, 
57]. This staged approach minimizes the degree 
of surgical insult to the patient who is in an unsta-
ble equilibrium after major trauma. The manage-
ment of these patients can be divided into four 
stages. During the acute phase only the resuscita-
tion and life-saving procedures are performed. 
After the initial resuscitation and during the pri-
mary stabilization period major extremity inju-
ries, arterial injuries and compartment syndromes 
are managed with DCO. In the secondary period 
the patient is reassessed constantly and appropri-
ate actions are taken. Major procedures (second 
hit) are not justified due to the additional burden 
that may exert to the already compromised 
patient’s immunological status. Subsequently, 
between days 5–10 the so-called period of “win-
dow of opportunity” definite fracture treatment 
can be performed [80]. Thereafter, any complex 
reconstruction procedures can be planned accord-
ingly [6] (Fig. 5.2). Although concerns about lon-
ger hospital stay and cost implications have been 
raised, this approach has definitely modified the 
perceptions and daily practice of the orthopedic 
trauma surgeons [81].

5.5  Clinical Course 
and Immunomarkers

From the above described theory of “two” or 
“multiple hits” is becoming evident that monitor-
ing the patient’s status and clinical course via a 
scoring system of inflammation would be useful 
in both guiding our clinical decisions with regard 
to therapeutic intervention and predicting the 
possible outcome and complications in the set-
ting of polytrauma. Various attempts have been 
made and are ongoing to describe the degree of 
the inflammatory response [82–89].

Immunomonitoring is a term used to describe 
the value of monitoring the inflammatory mark-
ers that are released and can be clinically measured 
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Injury

Trauma load

First hit

Stable

Immune system activation Restoration of
physiological
stability

Second look

Window of
opportunity (5–10th day)
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Fig. 5.2 The immune response after trauma, its correla-
tion to clinical status of the patient and the appropriate 
management in any given phase. ETC early total care, 
DCO damage control orthopedics, ARDS adult respiratory 

distress syndrome, MODS multiple organ dysfunction 
syndrome, ATLS advanced trauma life support, SIRS sys-
temic inflammatory response syndrome, CARS counter 
anti-inflammatory response syndrome
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in the setting of polytrauma. The necessity of 
“immunovigilance” and its possible clinical 
implications became clearer during the last few 
years. Until recently we could only draw indirect 
information regarding the inflammatory status of 
the patient mainly from clinical markers such as 
fluid balance [33, 82], lactate and base deficit 
[90]. However, as our understanding of the com-
plex mechanisms involved in the immune 
response after trauma has expanded and as our 
technical ability to measure various molecular 
mediators has improved a new era in document-
ing the evolving physiological status of the trau-
matized patient at the molecular level has been 
established.

The markers of immune reactivity that may 
have clinical utility are the acute phase reactants 
(liposaccharide-binding protein, C-reactive pro-
tein, precalcitonin), the markers of mediator 
activity (TNF-a, IL-1, IL-10, IL-6, IL-8) and the 
markers of cellular activity (human leukocyte 
antigen) [91]. While the first category has been 
proven to be nonspecific for trauma, there is evi-
dence that molecules from the other two catego-
ries may have some predictive value.

More specifically TNF-a was one from the 
first markers that was studied. It has been corre-
lated with poorer outcome in multiple trauma-
tized patients in the intensive care unit but 
nowadays is not considered a reliable predictive 
index for the clinical course of inflammation in 
trauma unless sepsis is present [92]. The clinical 
utility of IL-1 and IL-10 has not been effectively 
supported so far [33]. The expression of major 
histocompatibility complex antigens (MHC class 
II) at the mononuclear cells of the peripheral 
blood has been shown to be associated to morbid-
ity due to sepsis after trauma [93]. Many other 
circulating molecules have been described as 
potential predictors of the clinical course includ-
ing the serum amyloid A, procalcitonin, C3 com-
plement, and haptoglobin [94–96]. It appears that 
a continuously high level or a second rise in their 
values is correlated with complications and 
MODS, respectively [82].

Continuous monitoring is more reliable in the 
case of the pro-inflammatory cytokines and espe-
cially in the case of IL-6. The relatively persistent 

pattern of expression and the long plasma half- life 
have established IL-6 as the most clinically 
useful molecule [50]. High values have been cor-
related to adverse outcome after early surgery 
[97, 98]. IL-6 is considered to be of prognostic 
value for systemic inflammatory response, sep-
sis, and multiple organ failure [82]. IL-6 and 
SIRS have been correlated to new injury severity 
score (NISS) and to each other. A numerical 
value of 200 pg/dL has been proven to be of diag-
nostic documentation of a SIRS state [50, 99]. In 
a recent review of the published literature [100] 
about the clinical implications of Interleukin-6, 
the positive relationship of the extent of its eleva-
tion to the severity/extent of trauma as well as the 
correlation of its elevation to posttraumatic com-
plications was evident. The authors concluded 
that further research is needed in order to eluci-
date the genetic polymorphism related to IL-6 as 
well as its pathophysiologic role. Large sample 
population, a sufficient size control group and 
serial measurements of IL-6 are needed and 
emphasis in the early posttraumatic period has 
been recommended. The relatively recent discov-
ery of the alarmins (danger signaling molecules 
subcategorized as DAMPs and PAMPs) seems to 
be promising for their use as a predictive marker 
but up to date there are no powerful studies to 
support that. On the other hand the characteriza-
tion and quantification of endothelial injury after 
trauma has been attempted to be correlated with 
the inflammatory and clinical status of the trau-
matized patient. The molecules that are released 
from the injured endothelium and are measurable 
in plasma are mainly the selectins (L-, P-, E- 
selectin), the vascular adhesion molecules, the 
thrombomodulin and the vW-factor. L-selectin 
has been shown to be positively related to the 
prognosis of potential complication after major 
trauma but definite conclusion cannot be drawn 
as yet [101].

Finally, the completion of the human genome 
project has open novel avenues in the clinical 
setting for the investigation of the genetic make-
up of the patient and how this could influence the 
physiological responses and outcome [102]. 
Currently there is evidence to support the 
involvement of various polymorphic variants of 
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genes in determining the posttraumatic course 
[103]. Single nucleotide polymorphisms result 
in different immune responses to trauma and 
might in the future guide an individualized 
approach to diagnosis and interventions in spe-
cific patient groups [63]. Although such an 
approach appears to be promising, results from 
different studies have not been reproducible 
because of the ethnic admixture, variable linkage 
disequilibrium, and genotype misclassification 
[103–105]. Further genome-wide and suffi-
ciently powered studies are needed to provide 
more robust evidence about the contribution of 
genes in determining the clinical outcome of 
patients [63]. The need of translation research is 
also of paramount importance until novel per-
spectives in the polytrauma pathophysiology 
find their implementation in clinical practice.
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6.1  Introduction

Traumatic brain injury (TBI) represents the lead-
ing cause of death in the trauma patient and is 
associated with dramatic long-term neurological 
sequelae among survivors [1–4]. One of the cen-
tral aspects of our current understanding of the 
pathophysiology of TBI is that the extent of neu-
rological injury is not solely determined by the 
traumatic impact itself, but rather evolves over 
time [5]. The evolution of secondary brain injury 
is characterized by a complex cascade of molecu-
lar and biochemical reactions to the initial trauma 
which occur as a consequence of complicating 
processes initiated by the primary traumatic 
impact [6–8]. These events trigger an acute 
inflammatory response within the injured brain, 
leading to development of cerebral edema, break-
down of the blood-brain barrier (BBB), and leak-
age of neurotoxic molecules from the peripheral 
blood stream into the subarachnoid space of the 
injured brain [9–13]. Ultimately, the extent of 
secondary brain injury, characterized by neuroin-
flammation, ischemia/reperfusion injuries, cere-
bral edema, intracranial hemorrhage, and 
intracranial hypertension, represents the main 
determinant for the poor outcome of head-injured 
patients [14, 15]. In addition, iatrogenic factors, 
such as permissive hypotension, prophylactic 
hyperventilation, overzealous volume resuscita-
tion, and inappropriate timing and technique of 
associated fracture fixation may contribute to a 
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deterioration of secondary brain injury [13, 16–19]. 
Despite recent advances in basic and clinical 
research and improved neurointensive care, no 
specific pharmacological therapy is currently 
available which may attenuate or prevent the 
development of secondary brain injuries [20]. 
Due to the complex underlying pathophysiology 
and the high vulnerability of the injured brain to 
“2nd hit” insults, it is imperative to closely coor-
dinate the timing and surgical priorities for the 
management of associated injuries in head- 
injured patients.

6.2  Pathophysiology of Head 
Injury

The primary brain injury is a result of mechanical 
forces applied to skull at the time of impact, 
whereas secondary brain injury evolves over time 
and cannot be detected on initial CT imaging 
studies [21]. Evidence of secondary brain injury 
has been found on autopsy in 70–90 % of all 
fatally head-injured patients [22, 23]. Secondary 
brain injury is initiated by a trauma-induced, 
host-mediated inflammatory response within the 
intracranial compartment, and is aggravated by 
hypoxia, metabolic acidosis, cerebral fat emboli 
from the fracture site, injury-triggered activation 
of the coagulation system, and development of 
cerebral edema [6, 14, 17]. The immunological 
and pathophysiological sequelae of TBI are 
highly complex, and involve numerous brain- 
derived proinflammatory mediators, such as 
cytokines, chemokines, complement anaphyla-
toxins, excitatory molecules, electrolyte distur-
bances, and blood-derived leukocytes which are 
migrating across the BBB [11, 24, 25].

The resulting complex neuroinflammatory 
network leads to a proinflammatory environment 
with brain edema and brain tissue destruction by 
leukocyte-released proteases, lipases, and reac-
tive oxygen species [26, 27]. In addition, these 
events culminate in the break-down of the BBB 
and allow neurotoxic circulating molecules 
to enter the brain. As a result, the traumatized 
brain is highly susceptible to secondary injuries 
caused by intracerebral inflammation, as well as 

systemic neurotoxic molecules, which are nor-
mally blocked under physiological conditions 
(Fig. 6.1).

In TBI patients who have sustained con-
comitant extracerebral trauma to the mus-
culoskeletal system, a profound systemic 
inflammatory response is triggered in parallel, 
involving  cytokines/chemokines, complement 
activation products, the coagulation system, 
stress hormones, neuronal signaling, and numer-
ous inflammatory cells [28].

The treating surgeon has to be aware of the neu-
ropathology of TBI as well as the systemic inflam-
matory invents when deciding on the optimal 
management approach in this challenging patient 
population, as inappropriate treatment may result 
in an iatrogenic secondary insult to the brain.

6.3  The “Deadly Duo”: Hypoxia 
and Hypotension

Episodes of hypoxia and hypotension represent 
the main independent predictive factors for poor 
outcome after severe brain injury [8, 29]. In a 
landmark article published in 1993, Chesnut et al. 
analyzed the impact of hypotension, as defined as 
a systolic blood pressure (SBP) <90 mmHg, either 
during the resuscitation phase (“early”) or in the 
ICU (“late”), on the outcome of head-injured 
patients prospectively entered into the Traumatic 
Coma Data Bank (TCDB) [15]. Early hypotension 
occurred in 248 of 717 patients (34.6 %) and was 
associated with a doubling of postinjury mortality 
from 27 to 55 % [15]. Late hypotension occurred in 
156 of 493 patients (31.6 %), of which 39 patients 
(7.9 %) had combined early and late hypotensive 
episodes. For 117 patients with an exclusive hypo-
tensive episode occurred in the ICU, 66 % either 
died or survived in a vegetative state, as defined 
by a Glasgow Outcome Scale (GOS) score of 1 
or 2 points [15]. The authors furthermore deter-
mined that mortality is drastically increased in 
combination with hypotension (SBP <90 mmHg) 
and hypoxia (PaO2 ≤60 mmHg) [7]. A different 
study by Elf et al. confirmed the notion, that severe 
secondary insults occur during the neurointensive 
care period in more than 35 % of all head-injured 
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patients, including episodes of hypoxia, hypo-
tension, elevated intracranial  pressure (ICP) and 
decreased cerebral perfusion pressure (CPP) [14].

The prevention of hypoxemia and hypotension 
represents the “key” parameter for avoiding sec-
ondary insults to the injured brain and improving 
outcomes of TBI patients [29, 30]. National 
guidelines by the Brain Trauma Foundation man-
date that blood pressure and oxygenation be mon-
itored in all head-injured patients, and advocate to 
maintain a systolic blood pressure >90 mmHg 
and a PaO2 >60 mmHg, respectively [31]. This 
notion is of particular importance in view of the 
ongoing debate on the controversial concept of 
“permissive hypotension” in patients with trau-
matic hemorrhage from penetrating or blunt torso 
injuries [32, 33]. The strategy of “permissive 

hypotension” is mainly based on a landmark arti-
cle from the 1990s advocating a modified prehos-
pital resuscitation concept for hypotensive patients 
with penetrating torso injuries, by delaying fluid 
resuscitation until arrival in the operating room 
[34]. This proactive concept is certainly intuitive 
from the perspective that traditional resuscitation 
with aggressive fluid administration may lead to 
increased hydrostatic pressure and displacement 
of blood clots, a dilution of coagulation factors, 
and an undesirable hypothermia in critically 
injured patients [35]. However, in light of the vul-
nerability of the injured brain to secondary insults 
mediated by hypoxia and hypotension during the 
early postinjury period, the concept of hypoten-
sive resuscitation, which has seen an unjustified 
expansion from penetrating to blunt trauma, in 

Fig. 6.1 Schematic of priorities in the management of associated orthopedic injuries in patients with severe head inju-
ries, based on the understanding of the underlying immunological pathophysiology
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absence of high level evidence [32, 36], appears 
contraindicated for patients with traumatic brain 
injuries [33, 37].

6.4  Clinical Assessment 
and Management

Head-injured patients are initially assessed and 
resuscitated according to the American College 
of Surgeons’ Advanced Trauma Life Support 
(ATLS®) protocol [35]. The severity of head 
injury is diagnosed by the combination of (1) 
mechanism of trauma, the (2) clinical/neurologi-
cal status, and (3) imaging by computed tomog-
raphy (CT) scan. The neurologic status is assessed 
after stabilization of vital functions [38]. The 
level of consciousness is rapidly evaluated by the 
Glasgow Coma Scale (GCS), which grades the 
severity of TBI as mild (GCS 14/15), moderate 
(GCS 9–13), and severe (GCS 3–8) [21]. The 
postresuscitation GCS score is of clinical impor-
tance due to the significant correlation with 
patient outcome [21]. A head CT should be 
obtained under the following circumstances: (1) 
altered level of consciousness with GCS <14 
(moderate or severe brain injury); (2) abnormal 
neurological status; (3) differences in pupil size 
or reactivity; (4) suspected skull fracture; (5) 
intoxicated patients; and should be repeated 
whenever the patient’s neurologic status deterio-
rates [21].

Elevated intracranial pressure (ICP) above 
15-20 mmHg has been associated with poor out-
comes after severe TBI [39]. Monitoring of ICP 
by indwelling catheters is recommended under 
the following conditions [40–43]:
 1. Severe TBI (GCS ≤8) and abnormal admis-

sion CT scan
 2. Severe TBI (GCS ≤8) with normal CT scan, 

but prolonged coma >6 h
 3. Surgical evacuation of intracranial hematomas
 4. Neurological deterioration (GCS ≤8) in 

patients with initially mild or moderate extent 
of TBI

 5. Head-injured patients requiring prolonged 
mechanical ventilation, for example, for man-
agement of associated extracranial injuries, 
unless the initial CT scan is normal

The indications and benefits of emergency 
craniotomy or decompressive craniectomy are 
beyond the scope of this chapter, and the reader is 
deferred to the pertinent peer-reviewed literature 
[44–46].

Maintenance of an adequate cerebral per-
fusion pressure (CPP) is recommended above 
70–80 mmHg, which is calculated as the mean 
arterial pressure (MAP) minus ICP [39, 41, 47]. 
This notion reflects on the imperative not to 
allow any period of hypotension in head-injured 
patients, as discussed above [29, 37]. In addition 
to the outlined dangers of hypoxemia and hypo-
tension, hypercarbia, and hypoglycemia should 
be strictly avoided or rapidly corrected to mini-
mize the risk of developing secondary brain inju-
ries [14]. Hyperosmolar therapy with mannitol 
or hypertonic saline is recommended for reduc-
tion of cerebral edema and increased ICP, and in 
patients displaying clinical signs of trans- tentorial 
herniation, progressive neurological deteriora-
tion, or bilaterally dilated and nonreactive pupils 
[48]. However, the routine use of osmotherapy for 
management of brain edema represents a topic of 
heavy debate [49–51]. Similarly, the concept of 
therapeutic hypothermia for patients with severe 
head injuries remains controversial [46, 51, 52]. 
This noninvasive modality of neuroprotection 
has been investigated for decades in patients with 
head injuries, cerebrovascular stroke, cardiac 
arrest, and spinal cord injury [53]. The underly-
ing rationale of moderately lowering the patient’s 
body temperature is aimed at slowing down the 
acute inflammatory processes in the injured CNS, 
and to reduce the extent of traumatic and isch-
emic tissue injury [54]. Interestingly, the historic 
euphoria in the 1990s for applying therapeutic 
hypothermia to patients with severe head injuries 
[55] was revoked later on in additional validation 
studies, and the debate on the appropriateness 
of cooling down the injured brain remains unre-
solved until present [52, 56]. Despite increased 
understanding of the pathophysiology of second-
ary brain injury, the pharmacological “golden 
bullet” for treating TBI patients and prevent-
ing or reducing incidence of secondary cerebral 
insults has not yet been identified [20]. However, 
there is unequivocal  consensus that the use of ste-
roids is considered obsolete and contraindicated 

P.F. Stahel and M.A. Flierl



59

for patients with traumatic brain injuries, since 
the failure of the large-scale “CRASH” trial was 
published in 2004 [57, 58].

6.5  Strategies of Fracture 
Fixation in Head-Injured 
Patients

Head-injured patients with associated orthope-
dic injuries represent a vulnerable population 
due to the high risk of “2nd hit” insults, particu-
larly in presence of femur shaft fractures [17]. 
The benefits of early definitive fracture stabili-
zation in multiply injured patients are well 
described and include early unrestricted mobil-
ity in conjunction with a decreased “antigenic 
load” related to stress, pain, and systemic 
inflammation [13, 59, 60]. Clearly, the question 
regarding the “optimal” timing and modality of 
long bone fracture fixation in patients with 
associated head injuries remains a topic of 
ongoing discussion and debate [18, 61–64]. 
Even though the benefits of early femur frac-
ture stabilization have been unequivocally dem-
onstrated in Dr. Bone’s landmark study more 
than 20 years ago [65], not all multiply injured 
patients are able to tolerate early definitive frac-
ture fixation due to hemodynamic instability, 
refractory hypoxemia, or intracranial hyperten-
sion [62]. Impressively, experimental studies in 
sheep showed that femoral reaming and nailing 
leads to increased ICP levels above 15 mmHg 
in models of hemorrhagic shock/resuscitation 
with or without associated traumatic brain 
injury [19, 66]. A clinical study in 33 blunt 
trauma patients with TBI revealed that early 
definitive fracture fixation within 24 h was 
associated with adverse neurological outcomes 
and increased mortality, associated with early 
episodes of hypoxia and hypotension, com-
pared to TBI patients whose orthopedic injuries 
were stabilized definitively at a later time-
points (>24 h) [67]. A larger 10-year study on 
61 patients with severe TBI revealed that early 
femur fracture fixation within <24 h is associ-
ated with an increased incidence of secondary 
brain injury, related to significantly increased 
rates of hypotension and decreased CPP 

<70 mmHg [68]. These data were corroborated 
by a different study analyzing changes in ICP 
and CPP in 17 patients with severe head inju-
ries undergoing reamed intramedullary nailing 
of associated femur fractures [69]. The authors 
showed that the CPP dropped below a minimal 
threshold of 75 mmHg intraoperatively during 
the fracture fixation in all patients, with an 
average decrease in CPP of Δ18 mmHg [69]. 
The decrease in CPP was attributed to intraop-
erative episodes of systemic hypotension, and 
patients with early femoral nailing within 24 h 
had statistically significant lower CPP values 
than the rest of the cohort [69].

Overall, there is unequivocal evidence – both 
from experimental animal studies and from clini-
cal trials in patients with severe TBI – that the 
early (<24 h) definitive fixation of associated 
femur shaft fractures in head-injured patients 
leads to significant adverse effects, including 
intraoperative episodes of hypotension, increases 
in ICP and critical decreases in CPP, all of which 
ultimately constitute preventable “2nd hits” and 
contribute to secondary brain injury and poor 
long-term outcomes (Fig. 6.1).

Consequently, alternative strategies to provide 
early fracture stabilization of long bones, while 
avoiding the risk of “early total care”, have been 
proposed, including skeletal traction and “dam-
age control” external fixation [70]. The con-
cept of “damage control” surgery was extended 
beyond its initial applications in abdominal and 
thoracic trauma, to the initial management of 
major fractures in the severely injured, particu-
larly in presence of associated head injuries [62, 
71]. The principal is to provide early fracture 
stabilization by external fixation as a bridge to 
definitive fracture care once the patient is physi-
ologically stable, and the injured brain less vul-
nerable to iatrogenic “2nd hit” insults [17]. The 
delayed conversion from external fixation to 
intramedullary nailing of femur shaft fractures 
is considered safe once the ICP has normalized 
and/or patients are awake, oriented, and fully 
resuscitated [35]. In other words, the second pro-
cedure related intramedullary reaming and nail-
ing of long bone fractures should be performed 
outside of “priming” window, once the postin-
jury hyperinflammatory response has subsided 
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(Fig. 6.1). When compared to early total care, the 
“damage control” approach with delayed conver-
sion to definitive care has been shown to decrease 
the initial operative time and intraoperative blood 
loss without increasing the risk of procedure 
related complications such as infection and non-
union [72, 73].

The risks and benefits of distinct modalities 
for acute management of femur shaft fractures in 
head-injured patients, namely (1) skeletal trac-
tion [70], (2) “damage control” external fixation 
[71, 72], and (3) “early total care” by reamed 
intramedullary nail fixation [69] are depicted in 
Fig. 6.2.

 Conclusion

Head-injured patients with associated long 
bone fractures represent a very vulnerable 
patient population [17]. These patients have a 
high risk of sustaining secondary cerebral 
insults related to hypotension, increased ICP, 
and decreased CPP, all of which contribute to 
increased mortality and adverse neurological 
outcomes [19, 66–69]. The subspecialties 

involved in the early management of multiply 
injured patients with head injuries and associ-
ated long bone fractures include ED physi-
cians, trauma surgeons, neurosurgeons, and 
orthopedic surgeons. They all should be on the 
same page in terms of understanding the 
underlying pathophysiology of TBI and the 
time- dependent vulnerability of the injured 
brain to iatrogenic “2nd hit” insults [17, 21].
When the patient with combined orthopedic 

and neurosurgical injuries is evaluated in the 
emergency department, several questions need to 
be answered. A rapid neurologic exam must be 
performed to assess the severity of brain injury. 
A noncontrast craniocerebral CT scan is obtained 
as the first-line adjunctive diagnostic work-up in 
stable patients. An ICP monitor (either fiberoptic 
or ventricular) may be placed in the ED if the 
patient is too hemodynamically unstable to jus-
tify a trip to the CT scanner.

Any patient with a suspected brain injury who 
needs to be taken to the operating room and will 
be unable to undergo follow up neurologic exam-
ination needs to have ICP monitoring. The exact 

Fig. 6.2 Risks and benefits of distinct management strategies for acute immobilization of femoral shaft fractures in 
head-injured patients
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ICP threshold of when not to proceed to the 
operating room is unknown, though sustained 
pressures beyond 15–20 mmHg should be an 
indication to proceed to the ICU for resuscitation. 
Any patient with a progressively worsening neu-
rological exam is also at high risk as is the patient 
with unexplained changes in ICP. Hypoxia and 
hypotension significantly increase mortality in 
the patient with brain injury.

Despite recent advances from basic research 
and clinical studies [74], the current literature 
remains conflicting in terms of identifying a clear-
cut management strategy for timing and modality 
of fracture fixation in severely head- injured 
patients [17, 18, 61, 64, 67, 68]. This notion 
emphasizes the pressing need for well- designed 
prospective controlled multicenter trails aimed at 
comparing the standard treatment strategies for 
initial management of long bone fractures in 
patients with severe head injuries (Fig. 6.2).

Until higher level evidence-based recommen-
dations are available, the clinical approach for the 
management of this vulnerable cohort of patients 
must be based on the basic principle of “do not 
further harm” by applying simple measures of 
“damage control” – when in doubt – which 
respect the underlying pathophysiology of trau-
matic brain injury and the hyperinflammatory 
response of the combination of multiple critical 
injuries [13]. We recommend the following spe-
cific management strategy for associated ortho-
pedic injuries in head-injured patients, based on a 
combination of empiric experience and review of 
the available pertinent literature in the field:
 1. “Damage control orthopedics” by spanning 

external fixation in all patients with severe TBI 
(GCS ≤8, intracranial pathology on CT scan, 
including cerebral edema, midline shift, sub-/
epidural bleeding, or open head injuries).

 2. Optional “damage control orthopedics” in all 
patients with moderate TBI (GCS 9–13), or 
patients with GCS of 14/15 with “minor” 
intracranial pathology on CT scan (e.g., trau-
matic subarachnoid hemorrhage that warrants 
observation only). Concomitant neurosurgical 
procedures may be performed at the same 
time as DCO, for example, an emergency 
craniotomy.

 3. No additional operations (2nd hit) in patients 
with refractory intracranial hypertension or 
unexplained deterioration in neurologic exam.

 4. Conversion from external to internal fixation 
in TBI patients who recovered from a coma-
tose state and are awake and alert (GCS 
13–15), or comatose patients with a stable 
ICP (<20 mmHg) and CPP in a normal range 
(>80 mmHg) for more than 48 h.

 5. “Early total care” for long bone fractures all 
patients with mild TBI (GCS 14/15) and nor-
mal initial craniocerebral CT scan.

 6. Temporary skeletal traction as a valid adjunct 
for patients “in extremis”, that is, in severe 
protracted traumatic-hemorrhagic shock and 
coagulopathy, who are unsafe to be taken to 
the operating room until adequately 
resuscitated.
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7.1  Introduction

Clinically relevant causes of soft tissue injury can 
be roughly divided into their cause, i.e. thermally, 
chemically or mechanically induced. All of these 
demonstrate different characteristics and require 
specific clinical management. However, a shared 
feature of any type of relevant tissue injury is the 
loss of tissue homeostasis caused by (sub-) lethal 
damage. An initial inflammatory phase (Fig. 7.1) 
is drastically enhanced by blood borne cells of 
innate immunity, predominantly polymorphonu-
clear leucocytes (PMNs), which will home in 
onto the site of injury [1].

This may lead to a significant secondary tissue 
necrosis. It also induces tissue ischaemia, e.g. 
macro- or microvascular thrombosis, hypoperfu-
sion, haemorrhage or relevant tissue swelling. A 
systemic acute-phase-response is largely defined 
by various humoral factors secreted by the liver 
and innate immune cells [2]. Typically within 
72 h, a zone of demarcation within injured tis-
sues has been established that essentially divides 
vital from non-vital tissue. Early on surgical 
debridement can provide a crucial role in miti-
gating a systemic inflammatory response (SIR) 
by reducing both the necrotic and microbial load 
of wounds. With sufficient perfusion established, 
wounds will soon enter a proliferative phase  
of wound healing primarily designed to achieve 
wound closure through wound  contraction, 
newly formed connective tissue components and 
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a

b

c

d1 d2

Fig. 7.1 Schematic: The dynamics of the initial response 
of various tissues following injury is often characterized 
by highly significant secondary cellular damage due to 
protracted ischaemia and a pro-inflammatory environ-
ment. (a) Tissue homeostasis as defined by the absence of 

hypoxia, acidosis or inflammation. (b) Relevant trauma 
will cause immediate cellular death (grey cells and areas) 
and haemorrhage. Also within few hours, pro- inflammatory 
activation of local cell populations (red cells) as well as the 
arrival of blood borne innate immune cells, predominately 
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re- epithelialization, often at the cost of tissue 
function. Thus, scar tissue formation is a key fea-
ture of healing wounds in a remodelling phase. 
Clinical experience has shown that any measure 
that will shorten the recovery phase following tis-
sue injury impairs functional and aesthetical out-
come. Also, there has been a novel understanding 
of the inflammatory response. It clearly demon-
strates that an abatement of inflammation is not 
just a decrease in pro-inflammatory stimuli. 
Successful wound healing requires an active, 
highly regulated process designed to counteract 
negative effects of prolonged pro-inflammatory 
signalling. A new type of phospholipid mediators 
have been described (resolvins and protectins) [3] 
and appear to affect pro-inflammatory and poten-
tially harmful actions of  polymorphonuclear leu-
cocytes. Another important aspect has been the 
identification of various cellular phenotypes able 
to modulate pro-inflammatory responses. These 
enable tissue recovery and regeneration, most 
notably mesenchymal derived stem cell [4] and 
subpopulations of macrophages [5]. Cleary, one 
goal of future treatment strategies following rele-
vant soft tissue injury should be to modulate an 
innate inflammatory response.

7.2  Challenges of Soft Tissue 
Injury Associated 
with Fractures

7.2.1  Principles and Classifications

Background In general, any type of fracture is 
also associated with varying degrees of soft tissue 
injury. For the orthopaedic surgeon, accompanying 
soft tissue trauma is the most relevant factor to 

determine feasibility and indications for open vs. 
closed fracture reduction and fixation approaches. 
Over the last decades the principle of an anatomic 
fracture reduction has been changed to biological 
fixation techniques [6]. The term biological refers 
to leaving a zone of fracture unexposed to avoid 
further compromise surrounding soft tissue perfu-
sion. Unstable fractures, maintain a state of soft 
tissue inflammation evidenced by continued 
swelling, pain and immobility.

Thus, from a plastic surgeon’s perspective, 
surgical incisions required for fracture reduction 
should be critically assessed, especially regard-
ing the possibly of raising pedicled (e.g. arterial 
perforator-based) local tissue flaps later on.

Classifications Various grading systems have 
been suggested with the intent of guiding clinical 
decision making, both in choice of surgical tech-
niques as well as timing of reconstructive mea-
sures with an additional prognostic factor. Gustilo 
& Anderson classified ‘open fractures’ into three 
major types with additional subgroups [7]. 
Tscherne & Oestern et al. developed a more 
encompassing classification with a stronger focus 
on soft tissue injury which also includes ‘closed 
fractures’ [8]. In part for outcome comparability, 
more elaborate classification systems which 
account for various additional factors such as the 
extent of skin contusion, muscle injury, vascular 
and nerve injury et cetera in a check-list format 
have been continuously revised in recent years 
including the Hannover Fracture Scale (HFS) [9] 
and the AO/OTA Fracture and Dislocation 
Classification [10]. In addition, an appreciation of 
the ‘transferred energy’ leading to the observed 
pattern of injury can be highly useful in anticipating 
soft tissue recovery vs. the need for early intent 

Fig. 7.1 (continued) of neutrophils, occurs. (c) Usually 
within 72 h post injury a progressive secondary tissue 
necrosis along with thrombosis and widespread inflam-
matory infiltrates is observed (‘second hit’). Also, loss of 
epithelial barrier function favours a microbial coloniza-
tion of wounds increasing the risk of relevant infection. 
(d1) If tissue necrosis is extensive, it will become a bur-
den requiring surgical debridement and eventually recon-
structive measures. Strong evidence suggests that certain 
aspects of a pro-inflammatory innate immune response 

can prove detrimental to tissue survival by promoting, e.g. 
thrombosis or pro-apoptotic pathways. (d2) In contrast, if 
tissue necrosis is limited, a pro-inflammatory response 
will gradually give way to a recovery phase, characterized 
by the arrival of various, yet not well-defined cellular phe-
notypes on the scene. Conclusion: On top of the initial 
trauma significant secondary tissue damage commonly 
occurs. This opens a ‘window of opportunity’ for various 
strategies aimed at mitigating this secondary tissue dam-
age, e.g. the modulation of an innate immune response

7 Soft Tissue Injuries



68

reconstructive measures. Typically, a simple fall 
will generate forces around 100 (Ft/Lb, lbf = joule), 
a skiing accident up to 500 lbf, a gun projectile up 
to 2,000 lbf, and a motor vehicle accident at 18 
miles/h (30 km/h) up to 100,000 lbf.

7.2.2  Hypoxia and Perfusion- 
related Complications

7.2.2.1  Tissue Hypoxia [11]
All molecular processes necessary for sustained 
cell survival require a steady generation of high 
energy transfer compounds, most notably of ade-
nosine triphosphate (ATP). Depending on their 
metabolic activity, an eukaryotic cell poses lim-
ited capabilities of regenerating ATP in a non- 
oxygen–dependent anaerobic fashion. Prolonged 
hypoxia leads to metabolic decoupling (mito-
chondrial PaO2 <0.1–1 mmHg) and accumulation 
of acidic metabolites which in turn promote 
inflammation and tissue necrosis. Thus, a con-
tinuous monitoring of adequate oxygen supply to 
tissues in general following trauma is mandatory. 
Ischaemia (lack of perfusion), arterial Hypoxia 
(lack of lung dependent respiration), anaemia 
(lack of blood oxygen transport capacity) and 
intoxication (e.g. metabolic acidosis, CO-binding 
of haemoglobin, MetHb formation) have to be 
identified as different causes of tissue hypoxia. 
Limitations of compensatory mechanisms are 
reached in case of an acute drop of Hb values 
<10 g/dl, an arterial PaO2 <40 mmHg, a venous 
PaO2 <40 mmHg and oxygen HB-saturation val-
ues <85 %. From a surgical view point, control of 
haemorrhage outweighs all decision making 
immediately followed by re- establishment of 
arterial blood supply by means of vascular re-
anastomosis and autologous or alloplastic grafts.

7.2.2.2  Compartment Syndrome
Sufficient tissue perfusion depends on an effec-
tive capillary perfusion pressure (Peff), defined as 
the difference (simplified) between a hydrostatic 
perfusion pressure (ΔP) to a colloid osmotic tis-
sue pressure (Δπ) which in turn depends on a 

pressure gradient between a capillary (Pc, πc) and 
an interstitial (Pi, πi) space:
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Peff typically ranges from 30 mmHg (4 kPa) at the 
post-arteriole entry level to −10 mmHg 
(−1.33 kPa) at the post-capillary venule level. In 
the poly-traumatized patient virtually all determi-
nants of tissue perfusion, e.g. hydrostatic pres-
sure, plasma protein levels will undergo 
significant changes resulting in overall interstitial 
fluid retention. A Peff above 30 mmHg usually 
results in an insufficient fluid return into the cap-
illary system and thus soft tissue swelling. Soft 
tissue swelling itself will strongly increase Pi, 
and thus decrease ΔP and Peff. Although contro-
versial [12], an estimate of Pi can be directly 
measured using a puncture cannula attached to a 
pressure device. Pressure values above 35 mmHg 
are considered pathological by most authors and 
values above a systemic diastolic pressure inevi-
tably will lead to severe tissue ischaemia. 
Muscles, especially of the lower leg are typically 
enclosed in strong fibrous sheets (syn.: fascia, 
loge, compartment) which will limit soft tissue 
swelling and thus are most susceptible to a rele-
vant rise in Pi, clinically termed compartment 
syndrome [13].

7.2.2.3  Venous Tissue Congestion 
and Thrombosis

Insufficient venous return is an often underesti-
mated cause of serious sequels in the poly- 
traumatized patient. Venous congestion with a 
disturbed blood circulation between a superficial 
and a deep, inter-muscular vascular system, espe-
cially of the legs is a common feature accompany-
ing post-traumatic tissue swelling. Although 
mechanisms of thrombosis formation are com-
plex [14], three major contributing factors, origi-
nally defined by Virchow (1856), remain valuable 
in guiding a clinical rational: (1) post-traumatic 
state of heightened coagulability, (2) decreased 
venous velocity and (3) traumatic vascular lesions.
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For vascular repair following traumatic vascu-
lar transection, based on a literature overview, 
venous re-anastomosis using standard end-to-end 
suture techniques can be considered the gold 
standard opposed to end-to-side techniques. 
Regarding post-surgery anti-coagulative therapy 
following free-flap tissue transfer, to the authors’ 
knowledge, various recommendations [15] but 
no widely evaluated and accepted guidelines 
exist. However, according to a survey by Xipoleas 
et al. [16], around 85 % of members of the 
American Society of Plastic Surgeons routinely 
use anti-coagulative therapy post-operatively, 
either low-fractionated heparin and/or aspirin. To 
the authors’ knowledge, no meta-analysis exists 
which supports the notion of clinically relevant 
anti-thrombotic effects of colloidal, e.g. dextrane- 
based i.v. therapy.

Regarding a generally increased risk of throm-
botic events of poly-traumatized patients, the inci-
dence of unnoticed below-knee deep venous 
thrombosis (BKDVT) has been stated between 40 
and 80 % according to AWMF-consensus guide-
lines [17]. These result in an overall rate of about 
10 % of above-knee propagation. Anti-thrombotic 
therapy, e.g. using low-fractionated heparin, hiru-
din, Danaparoid®, Fondaparinux®, Rivaroxaban® 
but not aspirin is considered as an effective prophy-
laxis. With heparin-derivatives, there is a need for a 
regular screening for heparin- induced thrombocy-
topenia (HIT I/II) and renal function. Activation of 
the ‘muscular pump’ by physiotherapy, active or 
passive early-functional movement of joints, com-
pression stockings and various measures designed 
to reduce swelling have been shown to be effective 
in clinical level three studies or lower.

7.2.2.4  Decubitus
Peri- [18] and post-operative immobility exposes 
the poly-traumatized to a high, avoidable risk of 
pressure ulcers caused by prolonged periods of 
B.E.: ischaemic tissue compression around typi-
cal anatomical landmarks. These include the 
occipital region, shoulder blades, elbow region, 
sacral region, ischial tuberosity, trochanter major, 
fibula head and the heel. Repositioning measures 
every 2 h to avoid prolonged, localized tissue 
compression has been shown to significantly 

decrease the incidence of pressure sores [19]. 
Thus, measures of appropriate pressure distribu-
tion throughout periods of prolonged immobility 
is a mandatory part of patients’ care with national 
guidelines for diagnosis (stage I-IV) and man-
agement (NPUAP [20] or EPUAP) being revised 
on a regular basis. If manifested, surgical debride-
ment and secondary defect coverage offers many 
challenges in terms of peri- and post-operative 
care due to a relatively high risk of relapse [21]. 
Additional surgical measures such as colostomy 
[22] prior to attempting a definite defect closure 
of sacral decubiti in order to reduce a bacterial 
load of wounds have been widely promoted.

7.2.3  Life Threatening Early Wound 
Infections

Even in skin abrasions, a significant rise in bacte-
rial swab colony forming units is to be expected 
within 24 h following trauma [23]. Thus, in the 
poly-traumatized patient with fractures, an initial 
microbial swab evaluation is useful for the antici-
pation of (1) infections caused by environmental 
pathogens. These include Bacillus, Clostridium, 
Corynebacter, Pseudomonas or Actinobacter 
species, (2) fungal infections, e.g. Aspergillus 
species, (3) early onset bacterial infections, e.g. 
Streptococcus and Staphylococcus species or (4) 
pre-existing multi-drug resistant bacteria strain 
carriers, e.g. methicillin-resistant staphylococcus 
(MRSA). A switch from initially present body 
surface colonization or environmental wound 
contamination to nosocomial, hospital acquired 
bacterial strains (e.g. Staphylococcus, Escherichia 
coli, Proteus, Enterococcus, Bacteroides species) 
can be typically expected within 72 h post trauma, 
again advocating early definite surgical closure 
of wounds. However, to the authors’ knowledge, 
related to a risk assessment for possible wound 
infection, no evidence-based data exists which 
dictates delayed vs. primary wound closure [24]. 
Overall, staphylococcus species remain the most 
common cause of surgical wound infections [25].

Live threatening infections related to initial 
wound contamination are typically characterized 
by a sudden onset and rapid progression of soft 
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tissue inflammation and necrosis. Thus, surgical 
decision making often is solely based on clinical 
presentation alone. They include: (1) Gas gan-
grene [26] (e.g. Clostridium perfringens), more 
defined by tissue-lytic toxin effects (e.g. alpha 
toxin) rather than bacterial load, can be anticipated 
in patients with an initial wound contamination 
with soil as well as with a diabetic, alcoholic and 
peripheral artery disease (PAD) predisposition. 
Here, the avoidance of ischemic wound conditions 
is paramount. A fulminant course of tissue necro-
sis, intra-tissue gas formation and emergency 
gram-staining should motivate early and extensive 
surgical debridement or amputation along with a 
supportive therapy, e.g. hyperbaric oxygen therapy 
and antibiotics. With manifestation in the genital 
region, usually a mixed infection with aerobic and 
anaerobic bacteria is present, termed Fournier’s 
gangrene (1883). (2) Necrotizing fasciitis [27] 
(e.g. Streptococcus pyogenes, Staphylococcus 
aureus, Clostridium perfringens, Bacteroides fra-
gilis, Aeromonas hydrophilia) shares features with 
gas gangrene in that toxin effects will cause a sud-
den, fulminant progression of disease on a subcu-
taneous, epifascial plane but initial soft tissue 
reaction is often bland with only minor swelling or 
redness that does not correlate well with severe 
pain in the conscious patient. Early surgical inter-
vention is mandatory with diagnosis usually con-
firmed by tissue histology. (3) Tetanus [28] 
(Clostridium tetani), due to extensive passive anti-
toxin vaccination programmes is a rare condition 
in developed countries. However, because of its 
potential lethal cause; checking up-to-date vacci-
nation remains a mandatory part of any initial 
wound management. (4) Botulism [29] 
(Clostridium botulinum), a lethal, toxin-defined 
disease is avoided by sufficient initial wound de- 
contamination and mitigated by early diagnosis 
with passive vaccination. (5) Erysipelas [30] 
(Streptococcus pyogenes) caused by a superficial, 
non-pyogenic infection of upper layers of the skin 
by streptolysin O/S exotoxin expressing strains 
can be readily treated following early diagnosis 
using antibiotics combined with antiseptic dress-
ing regimes. A more severe, ‘bullous’ from that 
often requires secondary defect coverage can be 
distinguished based on the appearance of large 
areas of toxic epidermolysis [31].

7.3  Surgical Management

In contrast to an initial acute phase following 
trauma with a focus on fostering soft tissue 
recovery and preventing secondary tissue dam-
age, both on a local and a systemic level, in a 
post-acute phase clinical reevaluation mandates a 
timely surgical approach of defects or soft tissue 
insufficiencies.

7.3.1  Acute Surgical Management

Radical surgical debridement of contaminated or 
critically damaged, non-viable tissue represents a 
widely accepted, mandatory part of any surgical 
first intent strategy. Following initial stabilization 
of vital body functions, both through intensive 
care management and surgical control of haem-
orrhage or acute brain damage, a close multidis-
ciplinary approach is required.

Acute phase surgical measures comprise (1) the 
avoidance of prolonged ischaemia by securing suf-
ficient arterial perfusion and venous return through 
re-anastomosis, evacuation of hematoma or decom-
pression of muscular compartments; (2) decontam-
ination of wounds using techniques such as 
excision of wound edges according to Friedrich 
(1889) [32], bursectomy, jet-lavage [33], versa-jet 
[34], open aseptic wound management [34] or the 
application of occlusive, vacuum- based dressings 
[35]; (3) additional measures to ensure a viable 
environment for the primary or secondary recon-
struction of nerves, tendons or ligaments.

Soft tissue injury to the upper and lower 
extremities has been shown to be most suscepti-
ble to early infectious complications opposed to 
soft tissue injuries of the head, neck and genital 
region [36]. In general, primary wound closure 
should be attempted within 6 h following trauma 
which also coincides with an expected peak in 
tissue swelling.

7.3.2  Post-acute Surgical Phase

Comparable to an initial surgical debridement of 
traumatized soft tissue, a surgically motivated 
‘second look’ strategy should occur.  Given the 
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post-traumatic inflammatory response [37–41], 
debridement and revision early after trauma has 
proven highly effective in improving overall 
patient outcome [42].

7.3.3  Early-Intent Defect Coverage

Background and Principles of Defect 
Coverage A widely accepted guideline regard-
ing a timely closure of wounds and defect cover-
age can be summed up by the ‘reconstructive 
ladder’ [43] concept (Fig. 7.2) in which the com-
plexity of soft tissue injury directs the choice of 
surgical options. A more recent ‘reconstructive 
triangle’ [44] concept (Fig. 7.2) reflects a certain 
change in philosophy with more patient-centred 

view on certain defined goals of treatment and 
means to achieve them. Accordingly, decision 
making on how soft tissue injury and defect clo-
sure should be managed is based on an evaluation 
of overall safety, function and aesthetic form. 
This also includes two-timed approaches where 
early defect closure is achieved by technically 
simple measures such as split-skin grafting fol-
lowed by more complex procedures such as func-
tional myoplasty later on when the 
poly-traumatized patient has entered a rehabilita-
tory phase of treatment.

In general, if primary wound closure is not 
feasible, defect coverage can be achieved by two 
major principles.

First, by allowing the formation of granulation 
tissue which will lead to stable and well perfused 

a

b

Fig. 7.2 Principles of soft 
tissue reconstruction. (a) The 
‘reconstructive ladder’ concept 
has long been considered an 
important guideline for 
choosing different surgical 
approaches to wound closure. 
However, a perceived hierarchy 
ranging from ‘simple’ to 
‘complex’ surgical procedures 
has been partly replaced by a 
rather undogmatic attitude 
aimed at combining all 
available techniques in order to 
achieve best possible results for 
a given patient represented by 
the (b) ‘reconstructive triangle’ 
concept which underlines 
different aspects and goals of 
surgical treatment. Also, a 
continued introduction of new 
aspects of bioengineering into 
the clinical context will 
continue to alter current 
treatment concepts
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wound(beds) which in turn can then be closed 
using various techniques of autologous skin 
grafting. This approach is usually limited to soft 
tissue defects that will not leave bone or tendons 
exposed. However, in recent years, development 
and application techniques regarding the use of 
biodegradable skin substitutes [45] such as 
MatriDerm® [46] or Integra® [47] have matured 
sufficiently to allow for coverage of exposed 
bone, muscle or tendons with stable and func-
tionally satisfying results (Fig. 7.3).

Secondly, any type of surgical measure that 
will ‘move’ a defined block of tissue from one 
area to another defines defect coverage using 
flaps. A block of tissue that does not incorporate 
a defined vascular pattern is called a ‘random pat-
tern’ flap, as opposed to the ‘axial pattern’ or 
‘island’ flaps with an identifiable vascular pedi-
cle. Flaps with a vascular pedicle are most versa-
tile since they allow for a safe mobilization of 
large tissue blocks both locally and distally as 
‘free flaps’. A list of flaps commonly used for 
defect coverage is given in Table 7.1. The authors’ 
recommendation for defect coverage using flaps 
in defined anatomical areas is given in Fig. 7.4.

Random pattern flaps are essentially synony-
mous with locally mobilized skin flaps. Standard 
skin flaps used for defect closure are further 
sub- categorized based on the underlying princi-
ple of mobilization as either advancement, 
 transpositional or rotational. A key consider-
ation of local tissue mobilization for defect clo-
sure is that unidirectional loss of tissue mobility 
(through defect) is best compensated for by  tissue 
mobilization along a main vector that is perpen-
dicular to a corresponding vector of reduced 
 tissue mobility. Also, as a rule of thumb, the ratio 
between length and width of a randomly pat-
terned flap should not exceed 3:1 for sufficient 
flap perfusion. This ratio can be modulated using, 
e.g. a ‘bridge’ flap technique, effectively creating 
two pedicles.

A detailed study of human vascular anatomy 
underlying skin perfusion such as performed by 
C. Manchot (1889) and M. Salmon (1936) proved 
to be essential for the design of larger skin or 
fascio-cutaneous flaps. Human vascular anatomy 
(opposed to, e.g. rodent models) rarely allow 
larger cutaneous flaps to be raised based on a 
vascular pedicle that runs along the subcutaneous 

a b

c d

e f

Fig. 7.3 Clinical Case: This 24-year-old patient was 
overrun by a motor vehicle and sustained (a) a degloving 
injury of the left lower arm (b) requiring debridement of 
the resulting soft tissue necrosis. (c) Defect coverage was 
performed using a collagen-glycosaminoglycan-based 

biodegradable matrix wound dressing (Integra™) which 
(d) when integrated acted as dermal substitute suitable for 
autologous split-skin grafting. This allowed the formation 
of (e, f) a levelled, stable new soft tissue sheath with 
unhindered sliding of underlying muscle and tendon
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Table 7.1 Shown: List of commonly used flaps for soft tissue coverage associated with trauma

Flap-name (abbreviation) Flap-type+ Flap-size++ Comments+++ Literature

Upper extremity
Anti-cubital perforator (AC) FC s Local [63]
Brachio-radialis muscle (BR) M, MC s Local [64]
Deltoideus perforator (DAP) FC s Local
Distal ulnar perforator (dUP) FC m Local, “Becker flap” [65]
Interossea posterior artery (IP) FC s Local [66]
Radial artery forearm (RAF) FC m “Chinese flap” [67–69]
Ulnar artery forearm (UAF) FC m Local and free [70, 71]
Upper arm perforator
(Lateral, medial, anterior, posterior UA)

FC m Local and free [72–76]

Lower extremity
Antero-lateral thigh perforator (ALTP) FC l Local and free [77–81]
Biceps femoris muscle (BF) M, MC m Local [82]
Distal lateral thigh (DLT) FC m Local and free
Distally based sural (DBS) FC s Local [83, 84]
Dorsalis pedis artery (DPA) FC s Local [85–87]
Extensor digitorum brevis muscle (EDB) M s Local [88, 89]
Fibular osteocutaneous (FOC) OC m Free [90–92]
Flexor digitorum communis muscle (FDC) M s Local [93, 94]
Gastrocnemius muscle (GCM) M s Local, medial or lateral head [95–97]
Gluteus maximus muscle (GM) M, MC l Local and free [98–100]
Gracilis muscle (G) M, MC m Local and free [101, 102]
Inferior gluteal perforator (iGAP) FC m Local [103–105]
Lateral supramalleolar (LSM) FC m Local, “fibular/peroneal 

artery perforator”
[106]

(Reverse) medial plantar artery (RMP/MP) FC s Local [107–111]
Peroneus brevis muscle (PB) M s Local [112–114]
(Distal-medial thigh) saphenus (DMTS) FC s Local, ‘saphena 

neuro-cutaneous’
[115, 116]

Soleus muscle (SM) M s Local [117–119]
Superior gluteal perforator (sGAP) FC m Local [100]
Tensor fasciae latae muscle (TFL) MC, FC m Local and free [120]
Tibialis anterior muscle (TAM) M s Local [121, 122]
Vastus lateralis muscle (VL) M, MC m Local [123, 124]
Thorax, abdomen, pelvis
(Para)scapular (PS/S) FC, OC l Local and free [125–128]
(Deep) inferior epigastric artery (perforator) (DIEP/
IE)

FC m Local and free [129–132]

Iliacus muscle (IM) M l Local [133]
Inguinal flap (IF) FC, OC l “Groin flap” [134–137]
Latissimus dorsi muscle (LD) M, MC l Local and free [138–142]
Omentum major (OM) l Local and free [143–146]
Pectoralis major muscle (PM) M, MC Local and free [147–150]
(Trans-) rectus abdominis muscle (TRAM/
RAM)

M, MC m Local and free [151–154]

Serratus anterior muscle (fascia) (SA/SAF) M, F, OC l Free [155–158]
Superior epigastric artery (SE) M, MC s Local [159, 160]
Supraclavicular island flap/anterior 
supraclavicular artery perforator (SIF/aSAP)

FC l Local [161, 162]

Free-style perforator flaps FC Local [163–165]

Additional specifications are given (+) according to the type of tissue that is transferred (e.g. muscle), (++) typical size or 
(+++) the applicability for free vs. local tissue transfer. In addition, quotes for original work related to specific flaps are listed
M: muscle, MC: musculo-cutaneous, F: fascia, FC: fascio-cutaneous, OC: osteo-cutaneous, small(s) ≤20 cm2, 
medium(m) ≤50 cm2, large(l) >50 cm2
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plane. Instead, skin perfusion is predominantly 
ensured by ‘perforators’ which originate from a 
deeper muscle plane. Thus, the vascular anatomy 
of skin is closely linked to that of muscle. 
Regarding free transfer of muscle tissue, a highly 
valuable classification system of muscular artery 
perfusion was introduced by Mathes and Nahai 

[48]. Nowadays, so-called perforator flaps play a 
dominant role whenever coverage of soft tissue 
defects of significant size and depth is required. 
As already mentioned, perforator flaps are essen-
tially fascio-cutaneous flaps where a substantial 
area of skin and underlying fat tissue are depen-
dent on a vascular pedicle that usually perforates 

Fig. 7.4 Shown: A comprehensive listing of local and free tissue transfer for defined anatomical regions recommended 
by the authors (for abbreviations see Table 7.1)
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perpendicular to the surface plane of the flap. 
Design and surgical preparation of a perforator 
flap requires a concise knowledge of a  perforator’s 
relation to the vascular system of an underlying 
muscle. As elaborated by Cormack and Lamberty 
[49], a perforator-based flap pedicle might require 
transmuscular, septal, subfascial preparation 
techniques. Knowledge of perforator anatomy is 
also invaluable in raising osteo-myo- cutaneous 
flaps. In order to minimize donor site co-morbid-
ity due to flap raising, muscle flaps are usually 
reserved for large and deep defects requiring a 
certain volume and an increased ‘mechanical 
resistance’ of the flap. Also, commonly used 
muscle flaps do cause only minor functional defi-
cits. A ‘monitor skin island’ as part of a muscular 
flap is still considered the most practical way of 
monitoring adequate flap perfusion despite vari-
ous alternative approaches or monitor devices 
available on the market (e.g. O2C™ [50]).

Fracture Management and Soft Tissue 
Coverage Early definite fracture reduction and 
stabilization regarding weight bearing bones, 
highly instable fractures or open fractures is 
widely accepted [51, 52]. In addition, immediate 
definite soft tissue coverage using flaps within 
24 h post trauma has been recommended. The 
rationale behind this approach can be justified by 
three major clinical determinates.

First, accompanying soft tissue will result in 
considerable soft tissue swelling and inflamma-
tion which will in turn temporarily compromise 
tissue perfusion.

Second, relevant microbial colonization of 
wounds usually occurs within an interval of ~24–
72 h post trauma.

Third, systemic effects of injury as well of 
trauma to other organ systems such as the brain, 
lung or liver exert a well documented heightened 
vulnerability of patients related to surgical man-
agement in an interval ranging from day 1 to sev-
eral days post trauma. However, Byrd et al. [53] 
reported excellent results regarding flap coverage 
of fracture-associated soft tissue defects within a 
1–6 days interval post trauma. ‘Best’ results here 
refer to (1) number of surgical procedures, (2) 

expedited fracture consolidation vs. non-union, 
(3) lower rates of osteomyelitic complications or 
(4) overall hospitalization time. Most recently, 
Harrison et al. [54] concluded that no evidence 
exist that even delayed (>21 days post trauma) 
defect coverage in the upper extremity will result in 
a higher incidence of infection, bony non- union 
or flap loss.

One remaining problem here however is 
‘pushing the limits of microsurgery’. With diam-
eters of arterial perforators typically in the range 
of 0.5–2 mm, mean arterial pressures and the 
avoidance of vasospasms become of paramount 
importance for the survival of flaps. Thus, the 
overall condition of patients, e.g. requirements of 
catecholamine pressure agents has to be included 
into flap-surgery planning. In addition, on the 
venous return side, flaps also require adequate 
anti-coagulative therapy, thus increasing the risk 
of continued haemorrhage in the initial phase of 
trauma. The argument of microbial contamina-
tion and subsequent contamination is a valid one. 
However, the proper use of negative pressure 
dressings is highly effective in bridging the 
 interval between radical initial debridement, defi-
nite fracture stabilization and soft tissue defect 
coverage [55]. In conclusion, in the authors’ 
opinion a combination of various surgical tech-
niques and a well timed and if necessary repeated 
surgery in order to achieve an optimal functional 
and aesthetical outcome is the most viable 
approach when it comes to complex tissue trauma 
and defects. Further aspects of defect coverage 
are discussed with the presented cases (Figs. 7.5, 
7.6 and 7.7).

7.3.4  Peripheral Nerve System

Various degrees of nerve injury ranging from 
neuropraxia (self limited contusion), to axonot-
mesis (severe contusion), to neurotmesis (com-
plete discontinuity) as elaborated by Seddon 
et al. [56] and Sunderland [57] can be expected in 
the poly-traumatized patient with fractures. 
Careful and repeated clinical re-evaluation, e.g. 
of Tinel’s sign in order to identify and monitor 
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recovery of possibly accompanying nerve lesions 
in the conscious patient is usually sufficient to 
direct further diagnostic and therapeutic mea-
sures. Guidelines for decision making regarding 

delayed surgical nerve repair has been suggested 
by Brenner et al. [58]. However, in the unconscious 
patient high-energy trauma, the localization of 
factures (e.g. humerus shaft fractures, proximal 

a
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Fig. 7.5 Clinical Case: Fall from height of a 56-year-old 
patient, heavy smoker, which resulted in bilateral distal 
tibial pilon fractures. (a) Initial X-ray of the right lower 
ankle region. (b) Immediate fracture reduction followed by 
combined internal and external fixation techniques was per-
formed. Due to the extent of soft tissue injury, primary 
wound closure was not feasible and temporary wound cov-
erage was performed using vacuum-based dressing tech-
niques. Problem: Following secondary debridement, 
post-traumatic soft tissue recovery over several days still 
did not allow for a secondary wound closure resulting in a 
defect (c) anteriorly and (d) medially to the ankle joint. 
Solution: Pre-operatively, the vascular status of the right leg 
using (e) digital subtraction angiography allowed choosing 
(f) a favourable sight of microvascular anastomosis to the 

posterior tibial artery above fracture level. Considering the 
size and location of the defect with the exposure of tendon 
and joint structures along with metal implants; defect cov-
erage was then performed by (g, h) free latissimus dorsi 
muscle flap transfer. Considerations: Complex fracture sit-
uations near joints, despite surgical strategies of immediate 
anatomical reconstruction are commonly associated with 
prolonged soft tissue swelling, partial necrosis and fibrosis 
resulting in relevant defects with a high risk of joint infec-
tion, pseudoarthrosis or osteomyelitis. The rational of free 
tissue transfer in this case using a free myocutaneous flap 
opposed to other flap options was based on criteria such as 
defect size, required length of pedicle and safety regarding 
flap resistance to ischaemia, joint movement, infection or 
foreseeable repeated joint surgery
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Fig. 7.6 Clinical Case: The same patient as in Fig. 7.5 
demonstrated a less displaced tibial pilon fracture on (a) 
an initial X-ray of the left lower ankle region. Here, asso-
ciated soft tissue swelling was allowed to recover over 
several days and (b) definite fracture fixation was achieved 
using a surgical strategy based on implants and techniques 
that allow for minimized surgical incision and thus bony 
exposure. Problem: Secondary soft tissue necrosis of (c) 
the medial malleolar region occurred with exposure of 
implant. Solution: Again following (d) digital subtraction 
angiography of the left lower leg; defect coverage was 
performed by raising a (e, f) fascio-cutaneous radial artery 

forearm flap (‘chinese flap’; short or long pedicle). 
Considerations: This case demonstrates remaining limits 
of state-of-the-art implants and current strategies designed 
to minimize additional soft tissue injury associated with 
fracture reduction and fixation. The choice of defect cov-
erage using free vs. local tissue transfer in this case was 
based on flap safety since a local flap solution, e.g. dorsa-
lis pedis artery or distally based sural flap in the authors 
experience would have been associated with a heightened 
risk of partial necrosis considering local post-injury vas-
cular fibrosis and smoking-related ischaemia
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Fig. 7.7 Clinical Case: This 19-year-old patient sus-
tained a crush injury of the right lower leg during a traffic 
accident. Problem: The clinical picture upon admission 

included failed attempts of free tissue transfer as well 
as cross-leg flap surgery performed in the patient’s home 
country resulting in (+) significant bone defects, (++) 
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tibia and fibula fractures), joint dislocation, 
highly instable or displaced or open fractures and 
pelvic or spinal fractures mandate advanced 
diagnostic measures such as MRI- imaging, NCV, 
EMG early on. Whenever possible during an 
 initial exploration of wounds or during open 
 fracture reduction, primary suture of relevant 
transected nerves should be attempted using 
microsurgical techniques, e.g. surgical loupes, 
microscopes, < 8–0/non-resorbable/monofila-
ment sutures. Anatomical reconstruction can be 
achieved with perineural or fascicular + epineural 
suture techniques whereas epineural sutures are 
usually sufficient for non- mixed type nerves. As 
a rule, an environment free of tension and signifi-
cant fibrosis within or around a nerve structure is 
 crucial for its recovery and long-term function.

7.3.4.1  Plexus Injury
Motorcycle accidents together with falls from 
heights are among the most common causes of 
injuries to the cervical plexus. In the poly- 
traumatized patient, plexus lesions are often 
incomplete and caused by indirect or blunt 
trauma with imaging techniques biased by con-
comitant hematoma and soft tissue reaction. 
Thus, a close follow-up reevaluation is usually 
required. The evacuation of hematoma is per-
formed as an emergency procedure if a progres-
sive plexus lesion is suspected. Also, ultrasound 
examination has become an invaluable tool here 
for guiding surgical decision making. Integrity of 
the neural structures should be confirmed using 

microsurgical preparation techniques. In the case 
of discontinuity, it might be advisable to perform 
nerve transplant procedures at a delayed stage 
with subsided SIR and secured soft tissue cover-
age. In the meantime, physical therapy and other 
measures of rehabilitation are crucial in order to 
extend a ‘surgical window of opportunity’ and to 
improve the overall clinical outcome. Among 
others, electromyography is an important diag-
nostic follow-up tool for indication and timing of 
plexus surgery. Despite a lack of studies with 
higher levels of evidence, the outcome of plexus 
lesions that do not show signs of recovery within 
3 months following injury can be considered 
poor. Also, reconstructive plexus surgery should 
be performed within an interval of 12–18 month 
post injury in order to antedate irreversible mus-
cle atrophy [59]. In addition, various techniques 
of functional muscle transfer, especially in the 
upper extremity have been described [60].

7.3.4.2  Peripheral Nerve Injury
Surgical measures to prevent or mitigate nerve 
damage include the initial open or closed frac-
ture reduction along with nerve decompression, 
nerve transposition or end-to-end of severed 
nerves. Any nerve reconstructive measure should 
be performed in a manner allowing for tension-
free- suturing based on principles established by 
Millesi et al. [61]. In general, peripheral nerve 
lesions characterized by a mechanical nerve dis-
continuity without defect should be recon-
structed in a primary intent approach if (1) a 

Fig. 7.7 (continued) chronically exposed and thus non-
vital and infected bone, (+++) a status following resection 
of the talus bone. (a) X-ray upon admission of the right 
lower ankle region. (b) Extensive debridement with 
removal of the Ilizarov fixator resulted in (c) an extensive 
combined bone and soft tissue defect. Solution: A coordi-
nated, interdisciplinary approach was first aimed at defect 
coverage with arthrodesis of the angle region. To achieve 
this, a combined free (d) osteocutanous fibular transplant 
of the left leg and an (e) anterior lateral thigh perforator 
ALTP-flap with an additional ‘muscle plombage’ (chime-
ric flap) was raised with combined (f) internal and external 
fixation. Four months later, an additional (g) non-vascular-
ized iliac crest bone graft proximal to the original fibular 

transplant was performed along with a switch to an exter-
nal ring fixator. At 16 month post the initial surgery, com-
plete (h) fracture consolidation with full weight bearing 
and without signs of infections was observed. However, a 
resulting shortening of the (i) right compared to the left leg 
indicated a (j-l) corrective distraction-osteotomy per-
formed at the proximal tibial level of the right leg using an 
Ilizarov external fixator system. (m-p). Post-operative 
aspect of the right leg at 23 months. Considerations: This 
case demonstrates (+) that the initial assessment and man-
agement of soft tissue trauma is a key factor to successful 
fracture treatment and that (++) free soft tissue transfer can 
be highly successful in avoiding amputation vs. a func-
tional reconstruction of extremities
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viable and sufficient soft tissue bed is guaranteed 
and (2) definite internal fracture fixation can be 
achieved. Autologous nerve grafts that bridge 
defects should be oriented in reverse in order to 
ensure that regenerating fibres will only be 
diverted into fibres that bridge the whole defect. 
Commonly used donor nerves are non-motory 
nerves such as antebrachial cutaneous nerves, 
the saphenus nerve or the sural nerve. 
Alternatively,  end-to- side nerve repair [62], in 
which the distal stump of a transected nerve is 
attached to the side of an uninjured donor nerve, 

has been suggested as a technique for repair of 
peripheral nerve injuries in situations where 
reconnection to or bridging of the proximal 
nerve stump is not feasible. This can also be a 
temporary measure, where the uninjured nerve 
acts as a ‘chaperone’ until wound conditions 
allow for nerve grafts. However, with end-to-
side repair of motor nerves, significant injury (by 
incision) of the donor nerve is necessary in order 
to be effective. Further aspects of peripheral 
nerve injury are discussed with the presented 
cases (Figs. 7.8 and 7.9).
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Fig. 7.8 Clinical Case: This 58-year-old female patient 
sustained a highly displaced fracture of the right humerus 
at mid-shaft level. Problem: The initial clinical examina-
tion revealed a radial nerve lesion, thus requiring an open 
surgical approach. Surgical exploration demonstrated a 
ruptured radial nerve. Shown: X-ray at (a) admission, (b) 
post-operatively, (c) consolidated. Solution: Following 
LDCDP-Plate fracture stabilization the nerve defect zone 
was bridged using a (d) double-barrelled (e) suralis nerve 

transplant. (f–i) At 16 months post-operatively progres-
sive reinnervation of functional lower arm muscle groups 
was observed. Considerations: This case demonstrates 
that the awareness of typical nerve lesions associated with 
fractures should direct surgical decision making, e.g. 
closed vs. open fracture reduction techniques, especially 
in the unconscious patient. Early reconstruction, if feasi-
ble, of nerve continuity will commonly result in superior 
clinical outcomes
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8.1  Introduction

Thoracic trauma is one of the major burdens in 
poly-traumatized patients. The mechanisms have 
changed throughout the years, as vehicles have 
become available that allow high speed traveling, 
along with changes in passive car safety.
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8.1.1  Incidence

Thoracic trauma is a significant cause of morbidity. 
In persons younger than 40 years, traumatic 
injury is even the most common cause of death. 
Thoracic injuries are responsible for 25 % of 
deaths in this population [1].

Trauma deaths due to chest injury occur in 
76 % in the first day, of which 38 % takes place in 
the first hour [2]. The majority of patients who 
dies from pulmonary complications will die more 
than 10 days after trauma. The so-called golden 
hour for thoracic trauma in which accurate treat-
ment is required to prevent mortality is still very 
important. Less than 10 % of the blunt chest inju-
ries and 15–30 % of the penetrating chest injuries 
require an operation. Most chest injuries can be 
managed non-operatively. A systematic approach 
like Advanced Trauma Life Support® provided 
by the American College of Surgeons is the most 
well known and most used system [3].

According to the principles of ATLS®,  thoracic 
injuries are separated mainly in two main catego-
ries: acute life-threatening and potentially life-
threatening injuries (Table 8.1).

8.1.2  Trauma Mechanism 
and Pathophysiology

Chest trauma is mostly related to automobile or 
pedestrian accidents and commonly results in 
chest wall injuries like rib fractures. The pain 
associated with these injuries can make breathing 

difficult and this may compromise ventilation. 
This can be further aggravated by pulmonary 
contusion, which leads to even more difficulty in 
respiration. Shunting and dead space ventilation 
produced by these injuries can also impair oxy-
genation. Space-occupying conditions include 
pneumothorax, hemothorax, and hemopneumo-
thorax. These interfere with oxygenation and 
ventilation by compressing otherwise healthy 
lung parenchyma. At a cellular level, lung contu-
sion induces an inflammatory response signified 
by primed polymorph neutrophil granulocytes 
(PMNs) in blood and tissue [4].

Operative treatment is rarely necessary in blunt 
thoracic injuries although the advent of several 
plating systems for rib fixation increases interven-
tion rates (see also rib fractures). Most blunt tho-
racic injuries can be treated with supportive 
measures and simple interventional procedures 
such as chest drainage. Traumatic asphyxia results 
from a severe blunt injury of the thorax. Patients 
present with cyanosis of the head and neck, sub-
conjunctival hemorrhage, periorbital ecchymosis, 
petechiae of the head and neck, and occasionally 
neurologic symptoms. Factors implicated in the 
development of these striking physical character-
istics include thoraco- abdominal compression 
after deep inspiration against a closed glottis. This 
results in venous hypertension in the valveless cer-
vicofacial venous system. Other injuries caused by 
blunt thoracic trauma are diaphragmatic injuries, 
pneumothorax, hemothorax, blunt tracheal inju-
ries, bronchial injuries, esophageal injuries, car-
diac injuries, and injuries to the major  thoracic 
veins or thoracic duct. These injuries and their 
management will be described in this chapter.

8.1.3  Classification

In the poly-traumatized patient chest trauma is 
only one part of all injuries. The evaluation of 
injury severity and the prediction of outcome is 
one of the most important functions of scoring 
systems. Several scoring systems for the classifi-
cation of blunt thoracic trauma have been devel-
oped. The Abbreviated Injury Scale (AIS) is a 
prognostic scoring system allocating a severity 
score to every injury of the different body regions 

Table 8.1 Thoracic injuries [3]

Acute life 
threatening

Tension pneumothorax
Open pneumothorax
Flail chest and pulmonary contusion
Massive hemothorax
Cardiac tamponade

Potentially life 
threatening 
thoracic injuries

Simple pneumothorax
Hemothorax
Pulmonary contusion
Tracheobronchial tree rupture
Blunt cardiac injury
Traumatic aortic disruption
Traumatic diaphragmatic injury
Esophageal rupture
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(Head, face, neck, thorax, abdomen, spine, upper 
extremity, lower extremity, external and other 
trauma). High scores are associated with a lower 
probability of survival. The AIS is an anatomical 
scoring system for injury severity assessment of 
different body regions [5, 6].

Most of the thoracic trauma scores are based on 
pathological-anatomical changes. The Thoracic 
Trauma Severity Score (TTS score) seems to be 
the most suitable for severity assessment and pre-
diction of outcome in poly- traumatized patients 
with blunt chest injuries [7].

The TTS score is based on five anatomical and 
physiological parameters: pO2/FiO2, rib fractures, 
pulmonary contusion, pleural lesions, and age. 
Each parameter is assigned a value of 0–5. The 
TTS score ranges from 0 to 25 and with increas-
ing values, a more severe thoracic trauma can be 
assumed (Table 8.2) [8].

8.2  Diagnostics

Thoracic trauma may result in a variety of differ-
ent injuries. A prompt assessment of correct diag-
nosis and severity assessment of thoracic trauma 
is  crucial for the further treatment of thoracic 
lesions itself and concomitant injuries. There are 
several diagnostic tools for diagnosis and severity 
assessment of thoracic trauma.

8.2.1  Chest Radiography

The supine anteroposterior (AP) chest radiography 
is the initial examination of choice in patients 
with thoracic trauma. Because of the supine posi-
tion of the trauma patient in the emergency room 
there is no lateral view available and therefore 

limited information can be gained from chest 
radiography. The chest X-ray is used as a first 
screening method during the evaluation of the 
trauma patient at the emergency room. The avail-
ability of CT scan, even in the emergency room, 
lead to a reduction in the need for plain films [9]. 
Although the CT scan is significantly more effec-
tive in detecting thoracic injuries, chest radiogra-
phy still is recommended by Advanced Trauma 
Life Support protocol [3]. Especially in unstable 
patients a chest radiograph is still useful as it is the 
quickest way to rule out (tension) pneumothorax 
and hemothorax. CT scan is still more time con-
suming and requires considerable radiation expo-
sure. Transferring an unstable patient from the 
emergency room to the radiology suite provides 
unnecessary risk. Overuse of CT scans can lead to 
inappropriate delays in patient care [10].

However, in the stable patient with suspicion 
of blunt thoracic injuries and an indication for 
chest CT scan, skipping the chest radiograph 
should be considered [11, 12].

In certain cases physicians even should not 
wait for a chest radiograph to confirm clinical 
suspicion. The classic example is hyperresonant 
note on percussion and the absence of breath 
sounds over the affected hemithorax combined 
with signs of hemodynamic compromise, which 
can be found in patients with tension pneumotho-
rax. This should be immediately decompressed 
before obtaining a chest radiograph.

8.2.2  Computed Tomography 
of the Chest

The use of CT for thoracic trauma evaluation has 
increased dramatically in the past 15 years. Chest 
CT scan is superior in identifying and visualizing 

Table 8.2 Thoracic trauma severity score according to Pape et al. [8]

Grade PO2/FiO2 Rib fractures
Pulmonary 
contusion Pleural lesion

Age 
(years) Points

0 >400 0 None None <30 0
I 300–400 1–3 unilateral 1 lobe unilateral Pneumothorax 30–40 1
II 200–300 4–6 unilateral 1 lobe bilateral or 

2 lobes unilateral
Hemothorax/hemopneumothorax 
unilateral

41–54 2

III 150–200 >3 bilateral <2 lobes bilateral Hemothorax/hemopneumothorax bilateral 55–70 3
IV <150 Flail chest ≥2 lobes bilateral Tension pneumothorax >70 5

8 Chest Trauma
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injuries like pulmonary contusions, pneumothorax, 
hemothorax, vascular injuries and fractures. In 
about 18–82 % of the patients with a normal 
chest X-ray additional injuries are found on chest 
CT scan [11–13].

The marked increase in the number of occult 
injuries diagnosed on a chest CT scan in patients 
with blunt thoracic trauma was not, however, 
accompanied by a similar increase in therapeutic 
intervention [14]. The disadvantages of a chest 
CT scan are exposure to radiation, costs and CT 
scan being more time consuming than a plain 
chest X-ray. Therefore it is important not to make 
a chest CT scan routinely but only when signifi-
cant injuries are suspected.

Using the Nexus (National Emergency 
X-radiography Utilization study) Chest decision 
instrument might be helpful in decision-making 
in patients suffering from blunt thoracic trauma. 
The sensitivity and negative predictive value for 
thoracic injury seen on chest imaging was 98.8 
and 98.5 % respectively [15]. This Nexus chest 
decision instrument is meant for all blunt trauma 
patients over 14 years old who, by initial assess-
ment, may need chest imaging to rule out intra-
thoracic injury. The criteria used are age >60 
years, rapid deceleration mechanism defined as 
fall >20 ft (>6 m) or motor vehicle crash >40 mph 

(>64 km/h), chest pain, intoxication, abnormal 
alertness/mental status, distracting painful injury, 
and tenderness to chest wall palpation. If all cri-
teria are absent there is a very low risk for intra-
thoracic injury and chest imaging is not indicated. 
If one or more criteria are present, intrathoracic 
injury cannot be excluded and chest imaging 
should be done (Fig. 8.1) [15].

8.2.3  Ultrasonography

8.2.3.1  Transthoracic Ultrasonography
The Focused Abdominal Sonography for Trauma 
(FAST) is a rapid ultrasound examination per-
formed in the emergency room. Except for 
abdominal injuries some thoracic injuries as 
hemothorax, pneumothorax, and blood in the 
pericardium can be reliably diagnosed with a 
sensitivity of 93–96 %. Most trauma patients are 
usually managed in the supine position with spi-
nal immobilization, which underestimates the 
prevalence of thoracic lesion on chest X-ray. 
Especially in unstable high-risk patients thoracic 
ultrasonography as a bedside diagnostic modality 
is a better diagnostic test than clinical examina-
tion and chest X-ray together [16, 17]. However 
in the evaluation of pneumothorax the accuracy is 

Blunt trauma patient > 14 years, need for chest imaging at initial
assessment

1. Age > 60 years
2. Rapid deceleration mechanism: fall > 20 ft (6 m) or motor

vehicle crash > 40 mph(> 64 km/h)
3. Chest pain
4. Intoxication
5. Abnormal alertness/mental status
6. Distracting painful injury
7. Tenderness to chest wall palpitation

≥1 criteria present: cannot exclude
intrathoracic injury

All criteria absent very low risk for intrathoracic injury and chest
imaging is not indicated.

Fig. 8.1 Nexus chest decision instrument [15]
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not sustained over time, probably as a result of 
the formation of intrapleural adhesions [18]. As 
another disadvantage, subcutaneous emphysema 
precludes an accurate diagnosis by ultrasound.

8.2.3.2  Transesophageal 
Echocardiography (TEE) 

In the workup of possible blunt rupture of tho-
racic aorta, transesophageal echocardiography 
has sensitivity and specificity up to 93–96 % in 
diagnosing a thoracic aorta rupture [19]. TEE 
also may help define intracardiac anatomy, func-
tion, and injuries like cardiac valve injury or trau-
matic rupture of the interatrial or interventricular 
septum. The TEE has a better sensitivity and 
specificity than the transthoracic echocardiogra-
phy (TTE) for depicting aortic injury, pericardial 
effusion, myocardial contusion, atrial laceration, 
and cardiac valve injury [20]. However, the use 
of the TEE may be limited in patients with severe 
trauma and hypotension, or head, neck, and spine 
injuries [21].

8.2.4  Bronchoscopy

Fiber optic or rigid bronchoscopy is performed in 
thoracic trauma patients with suspicion for tra-
cheobronchial injuries. Both techniques have 
high sensitivity for the diagnosis of these inju-
ries. Bronchoscopy can be used in detecting tra-
cheobronchial lesions, supraglottic injuries, 
bleeding, and lung contusions. Bronchoscopy 
can also be of therapeutic use for removing secre-
tions and preventing the formation of atelectasis. 
Bronchoscopy is rarely used in the primary treat-
ment of patient with thoracic trauma, but a few 
days after initial trauma it can be useful.

8.3  Acute Life-Threatening 
Thoracic Injuries

8.3.1  Tension Pneumothorax

A tension pneumothorax occurs when a pneumo-
thorax permits entry but no exit of air from the 
thoracic cavity (Fig. 8.2). This results in increase 

of the air in the pleural cavity but leads to col-
lapse of the ipsilateral lung and compression of 
the intrathoracic structures on the contralateral 
side. Although needle decompression in the mid-
clavicular line is the recommended method of 
initial treatment, the patency of this procedure 
has been a subject of debate. In a porcine model 
of tension pneumothorax, 58–64 % of the needle 
placement procedures failed in adequate decom-
pression, compared to a 100 % success rate in 
thoracostomy tube placement [22].

In the acute clinical setting, a success rate of 
59 % has been documented, while in the remain-
ing 41 % the needle did not reach the pleural cav-
ity [23]. Because of these flaws in needle 
thoracocentesis, blunt dissection and digital 
decompression should be the first step. When a 
chest tube cannot directly be placed, the incision 
is made in the midclavicular line in the second 
intercostal space, while in a later setting, a formal 
chest tube can be placed in the 4th intercostal 
space in the mid-axillary line [24]. In most cases 
chest tube placement is performed according the 
ATLS® guidelines [3]. An incision is made in 
the 4th or 5th intercostal space on the anterior 

Fig. 8.2 Tension pneumothorax
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axillary line, after which the pleura is bluntly 
opened. A large diameter (24–32 French) tube is 
inserted and placed dorso-cranially [25]. A canis-
ter with water seal is connected to the tube and 
wall suction is initiated. Preferably, prophylactic 
antibiotics are given; however, this should not 
delay the placement of a chest tube in an emer-
gency setting [26].

8.3.2  Open Pneumothorax

An open pneumothorax occurs when a pneumo-
thorax is associated with a chest wall defect 
(Fig. 8.3). During inspiration, air is sucked into the 
pleural cavity due to the negative intrathoracic 
pressure. When the diameter of the external wound 
is over 2/3 of the diameter of the bronchial tree 
then the air prefers to go through the wound. The 
wound has to be treated by a venting bandage. 
This can be applied using commercially available 
seals [27], or by applying a bandage, which is 
taped on three sides, allowing air to be vented out, 
but seals the cavity during inspiration [28].

8.3.3  Massive Hemothorax

A hemothorax is defined as blood in the inter-
pleural space. This occurs in up to 40 % of 
patients with blunt thoracic trauma. Bleeding is 
caused by parenchymal injuries, rib fractures, 
laceration of intercostal or internal mammary 
artery. Furthermore, hemothorax can be a life- 

threatening condition when caused by bleeding 
from the heart or hilar vessels.

All trauma patients with a hemothorax should 
undergo chest tube placement. In case of gross 
drain output, a second chest tube is placed 
promptly. Immediate surgery for massive hemo-
thorax is mandatory when the patient’s physiol-
ogy is unstable (persistent blood transfusion 
required), regardless of the numbers of initial 
chest tube output. Furthermore, when >1500 ml 
in the first 24 h is evacuated, it should prompt 
surgical intervention [29]. Injuries that are often 
found when massive hemothorax is present are 
bleeding from the azygos vein, the mammary 
artery, laceration of the hilar vessels, severe pul-
monary tissue laceration, or dissection of the 
aorta. When having a massive hemothorax it 
should not be forgotten to re-infuse the lost blood 
by using the cell-saver.

8.3.4  Pulmonary Contusion

The most common injury after thoracic trauma is 
pulmonary contusion. It occurs in 30–75 % of all 
patients [30]. A severe lung contusion (Figs. 8.4 
and 8.5) can be life threatening because of the 
destruction of alveolar architecture of the lung 
and intramural bleeding, prohibiting diffusion 
over the alveolar membrane, leading to severe 
hypoxia. The lung contusion will further be dealt 
with in Sect. 8.6.2.

Fig. 8.3 Open pneumothorax Fig. 8.4 Pulmonary contusion
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8.3.5  Cardiac Tamponade

A pericardial tamponade mostly occurs after 
 penetrating trauma, but it also present in about 1 % 
of blunt chest trauma patients. It develops because 
of bleeding into the pericardial sac, either from an 
injury to the heart or from coronary or aorta lesion 
[31]. Immediate pericardiocentesis is indicated for 
restoration of normal cardiovascular function. 
Although successful outcome has been docu-
mented in pericardiocentesis as the sole procedure, 
in a patient with severe hemodynamic instability, 
the procedure is only to be used as a bridge to 
 surgery or transfer to a definitive care facility [32]. 
An alternative is the performance of a subxyphoi-
dal window to evacuate the blood from the pericar-
dium. The definitive treatment consists of thora-
cotomy, repair of the injury causing the bleeding 
and adequate evacuation of the blood from the 
pericardium.

8.4  Potentially Life-Threatening 
Injuries

Besides the life-threatening injuries, which will 
lead immediately to death if left untreated, there 
are potentially life-threatening injuries in 
patients with thoracic trauma (Table 8.1). During 
the first minutes of trauma resuscitation these 
injuries can often be missed. So it is of great 
importance to have a high index of suspicion 

depending on the trauma mechanism and treat 
these injuries immediately to prevent further 
deterioration and eventually death. Additional 
imaging like a chest X-ray will help you in fur-
ther diagnosis, however some of these injuries 
can easily be missed by conventional radiology 
alone (Sect. 8.2.1) [33].

8.4.1  Simple Pneumothorax

A simple pneumothorax occurs as a result of air 
entrapment into the pleural cavity between the 
two pleural layers (visceral and parietal) and will 
cause a (partial) collapse of the lung and thereby 
compromising oxygenation and ventilation on the 
affected side. The air leakage is often caused by a 
lung laceration after blunt thoracic trauma, but 
damage to the lung by rib fractures or penetrating 
injury can also account for this phenomenon.

Diminished breath sounds and hyperreso-
nance to percussion over the affected hemithorax 
indicates the presence of a pneumothorax. In 
stable patients an additional chest X-ray or even a 
CT scan in the case of an occult pneumothorax is 
necessary to demonstrate the diagnosis. An occult 
pneumothorax is a pneumothorax that was not 
suspected clinically, nor was evident on the plain 
radiograph, but rather identified on CT scan or 
ultrasound. When adequate follow-up is provided 
(by means of ultrasound or chest X-rays), occult 
pneumothorax does not require chest tube drain-
age [34]. Even on positive pressure ventilation, 
conservative treatment of an occult pneumotho-
rax can be successful and can reduce the length 
of hospital stay, given an adequate follow- up by 
ultrasound or chest radiographs [35–37].

The treatment of a pneumothorax will consist 
of a tube thoracostomy to release the air and 
thereby reexpand the collapsed lung. This tube 
should be placed according to the ATLS® recom-
mendations [3]. Although some authors have 
stated the drainage of a simple traumatic pneumo-
thorax in patients without other injuries can be 
done with a pigtail, we strongly suggest that this 
procedure should be reserved for a very selected 
patient population [38]. Since the majority of 
trauma patients with a pneumothorax (especially 

Fig. 8.5 Lung tissue after pulmonary contusion
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in blunt trauma) have concomitant injuries, which 
will often lead to persistent air leak and/or hemo-
thorax, these patients require a formal chest tube. 
If left untreated a simple pneumothorax can con-
vert into a tension pneumothorax and this certainly 
needs prompt intervention (see Sect. 8.3.1).

8.4.2  Hemothorax

A hemothorax occurs in up to 40 % of patients 
with blunt thoracic trauma. As a result of lung 
laceration, which damages the lung parenchyma, 
blood can enter the pleural cavity thereby causing 
a hemothorax. Both bleeding from an intercostal 
vessel or internal mammary vessel can also con-
tribute to a hemothorax. Depending on the bleed-
ing source and severity, the hemodynamical 
status of the patient will be influenced and should 
be treated accordingly. A hemothorax should be 
treated with a tube thoracostomy to evacuate the 
accumulated blood. The chest tube production 
should be monitored closely to recognize a mas-
sive hemothorax directly. No further immediate 
surgical intervention is necessary as a hemotho-
rax is often self-limiting unless there is ongoing 
bleeding or there consists a massive hemothorax 
(see Sect. 8.3.3). By draining the intrathoracic 
hemorrhage the lung can reexpand and the for-
mation of fibrous adhesions is prevented which 
reduces the risk of a pleural empyema and restric-
tive pulmonary disease [31, 39].

If a retained or persistent hemothorax is pres-
ent a VATS is necessary to remove the clotted 
blood. The VATS procedure should be done 
within the first 3–7 days after trauma, in order to 
reduce the chance on conversion to thoracotomy 
and decrease the risk of infection [29]. Intrapleural 
thrombolytic therapy has only limited use and 
should not be considered as standard of care [40].

8.4.3  Tracheobronchial Tree 
Rupture

Injuries to the tracheobronchial tree (trachea or 
major bronchus) are rare and most patients die 
before they reach the hospital. They are frequently 
caused by blunt trauma which causes compression 

of the trachea between the sternum and vertebrae, 
or by a rapid deceleration trauma. Patients are in 
severe respiratory distress with coughing, stridor, 
or an altered voice and present with hemoptysis, 
massive subcutaneous emphysema, or associated 
pneumothorax.

A delay in diagnoses leads to a high mortality, 
even if the patient reaches the hospital alive. So if 
tracheobronchial injury is suspected immediate 
treatment is required. The first step is to establish 
a patent airway by endotracheal intubation. If the 
endotracheal tube can be managed distal to the 
tracheal injury, it can prevent a massive air leak 
(Fig. 8.6). Advantage is that there is no positive 
pressure in the injured lung; usually healing will 
appear without surgical intervention. A fiberoptic 
bronchoscopy can be used as a diagnostic adjunct 
and if a bronchial injury is diagnosed the tube can 
be placed in the contralateral bronchus. As the tra-
chea and main bronchus are in the proximity of 
the great vessels and esophagus, associated inju-
ries must be suspected and treated accordingly. 
In both tracheal and bronchial disruption further 
surgical repair is mandatory. When  performing a 
thoracotomy it is possible to intubate directly in 
the ruptured bronchus (Fig. 8.7).

Tracheal lesions due to blunt trauma usually 
appear as transverse tears between cartilaginous 
tracheal rings or longitudinal tears in the poste-
rior tracheal membrane. In tracheal injuries sur-
gical repair is required in order to ensure airway 
continuity. This can be done by primary suturing 
with absorbable sutures or by the resection of 
several tracheal rings and re-anastomosis. 

Fig. 8.6 Tube passes right-sided bronchial rupture
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Once this has been done, autogenous tissue is 
wrapped around the reconstructed trachea. In the 
neck, all strap muscles can be used for this pro-
cedure, while in the chest the intercostal mus-
cles, serratus anterior, latissimus, or pericardial 
patches can be used.

8.4.4  Traumatic Aortic Disruption

Aortic injury caused by blunt trauma is mostly 
lethal at the scene; however, those that have only 
an intimal tear reach the hospital alive and so 
treatment can be established. In blunt trauma the 
shearing forces due to rapid deceleration will 
cause a partial laceration of the aortic wall near 
the ligamentum arteriosum. This will result in a 
contained rupture of the aorta (Fig. 8.8). Diagnosis 
is difficult as specific clinical signs are absent. 
Together with the trauma mechanism and a high 
index of suspicion an additional chest X-ray may 
reveal abnormalities like deviation of the trachea, 
widened mediastinum, or presence of an apical 
cap [3]. A CT angiogram of the aorta is more 
accurate and will confirm the diagnosis and the 
extent of the injury. Therapy consists of maintain-
ing the mean arterial blood pressure around 
60 mmHg, which will reduce the risk of rupture. 
Thereby it is possible to delay the nowadays 
often-used endovascular repair of the aortic injury 
(Figs. 8.9 and 8.10) while treating other severe 
associated injuries [41, 42].

8.4.5  Traumatic Diaphragmatic 
Injury

Blunt torso injury produces large tears and 
 predominantly occurs at the left hemidiaphragm. 
These tears can lead to herniation of intra- 
abdominal organs, which can be diagnosed on 

Fig. 8.7 Intubation through 
left bronchus

Fig. 8.8 Traumatic aortic disruption
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chest X-ray (Fig. 8.11). Diagnosis however is 
often hampered by the fact that the multiply 
injured patients are treated with positive pressure 
ventilation, which prevents dislocation of abdom-
inal organs into the thorax. Nowadays early CT 
scanning can reveal the discrete changes that go 
with diaphragmatic injury. Many of the diaphrag-
matic injuries however are diagnosed during an 
emergency laparotomy or thoracotomy for 

 associated intra-abdominal or intrathoracic injuries. 
The treatment exists of direct repair. Only in the 
minority of cases a mesh is necessary.

8.4.6  Esophageal Rupture

Blunt esophageal injuries are very rare. They are 
caused by a sudden increase in the intra- abdominal 
pressure, for example by a blow in the upper 
abdomen. Gastric contents will eject in the esoph-
agus causing a rise in intraluminal pressure. 
Pressure rise can lead to a tear in the esophagus 
with leaking of content into the mediastinum.

Patients present with clinical signs like subcu-
taneous emphysema, pneumomediastinum, 
pneumothorax, or intra-abdominal free air. Time 
between trauma and definitive treatment may 
influence the outcome by developing esophageal 
injury related complications [43].

If diagnosed early, the majority of the patients 
can be treated with primary surgical repair and 
additional drainage of the mediastinum becomes 
necessary. Nowadays an endoscopic esophageal 
stent is a possible alternative [44]. If left undiag-
nosed patients often present with fever and signs 
of systemic sepsis caused by mediastinitis at a 
later stage.

Fig. 8.9 Stent positioning in aorta

Fig. 8.10 Stent in aorta after deployment

Fig. 8.11 Ruptured diaphragm
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8.5  Bone Injuries

8.5.1  Rib Fractures

Rib fractures are the most common thoracic inju-
ries and occur in 10 % of all trauma patients and 
approximately 30 % of patients with significant 
chest trauma [45]. Fractures of the first and sec-
ond rib suggest severe thoracic trauma. These 
ribs provide a protection of vital structures like 
brachial plexus and vessels (subclavian artery 
and vein). Ribs 4–10 are most frequently 
involved. The mechanism is often due to direct 
forces on the chest wall. With fractures of ribs 
8–12 the presence of intra-abdominal injuries 
should be considered.

Physical signs of rib fractures include local 
tenderness and sometimes crepitus over the site 
of the fracture. Rib fractures may also by an indi-
cator for other significant intrathoracic injuries. 
Elderly patients and patients with osteoporosis or 
osteopenia have an increased risk of number and 
severity of fractures. This is in contrast to chil-
dren where higher forces are needed to cause 
fractures, because the chest wall is more pliable 
and compliant. The most common symptom of 
rib fractures is pain, which makes it difficult to 
breathe adequately. Up to 30 % of the patients 
with rib fractures develop a pneumonia; the older 
the patient the higher this percentage [46, 47]. 
The greater the number of fractured ribs the 
higher the mortality and morbidity [45]. Up to 
10 % mortality is reported in patients with more 
than 4 rib fractures; this increases to 34 % in 
patients with 8 or more fractures [48]. It is also 
known that patients with more than 4 rib frac-
tures after the age of 45 have an increased risk of 
adverse outcomes [48–51].

A flail chest can be defined as fractures of four 
or more consecutive ribs in two or more places 
resulting in paradoxical movement of the chest 
wall during respiration. Paradoxical movement 
of the chest can increase the work and pain 
involved with breathing. In most patients the 
severity and extent of the lung injury determines 
the clinical course and the requirement of 
mechanical ventilation. Patients with flail chest 
have a significant higher need for mechanical 

ventilation. Although the recovery of mechanical 
ventilation ensured a better result in the treatment 
of flail chest, it is also responsible for several 
ventilation related complications.

Management of rib fractures involves pain 
 control and adequate oxygenation and ventila-
tion possibly using positive pressure ventilation 
when necessary. In patients with a flail chest, 
non- operative treatment leads to a mortality of 
25–51 and 27–70 % develop pneumonia [52]. 
External stability by means of operative fixation 
is an alternative treatment of multiple rib frac-
tures in order to avoid mechanical ventilation 
(Figs. 8.12 and 8.13). The goal of operative ther-
apy is to improve respiratory mechanics, reduce 
pain, and prevent pulmonary restriction associ-
ated with significant chest wall deformities. 
Current indication for operative fixation is the 
presence of a flail chest [53] which is associated 
with reduction in duration of mechanical ventila-
tion, complications associated with prolonged 
mechanical ventilation, length of stay in the hos-
pital and mortality [54].

Other indications are patients with rib frac-
tures who, notwithstanding good pain manage-
ment, are still in pain, have chest wall deformity, 
or have one or more symptomatic non-union rib 
fractures. Age over 45 years and more than four 
rib fractures seem to be important factors in 
determining outcome of patients with multiple 

Fig. 8.12 Rib fiation: clinical scenaroi
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rib fractures. Therefore an operative approach of 
patients older than 45 years with four or more rib 
fractures should be considered.

8.5.2  Sternal Fractures

Sternal fractures are present in up to 8 % of the 
admissions after blunt thoracic trauma and motor 
vehicle crashes [55]. Before the use of the seat-
belt a sternal fracture was a marker of high- 
energy trauma. With the mandatory use of a 
seatbelt, the survival after motor vehicle crashes 
increased together with a rise in the incidence of 
the sternal fracture, also called the typical “seat 
belt injury” [56].

The typical sternal fracture is a transverse 
fracture located in the upper and midportions of 
the sternal body. The symptoms consist of local-
ized tenderness, swelling, and deformity. A ster-
nal fracture can be diagnosed by a lateral view 
because a sternal fracture is rarely apparent on 
the anteroposterior chest film. The highest sensi-
tivity is reached by the chest CT scan is.

As in all thoracic fractures, sternal fractures 
are often associated with more serious occult 
injuries. Underlying myocardial injury is not 

uncommon. Treatment of sternal fractures is sim-
ilar to that for rib fractures. It consists primarily 
of pain control and appropriate pulmonary 
hygiene. Patients with isolated, stable sternal 
fractures that have normal radiographic findings 
and normal electrocardiograms can be treated as 
outpatients [57].

When the sternal fracture is severely displaced 
open reduction and internal fixation by a midline 
incision should be done. Various techniques are 
described, including wire suturing and the place-
ment of plates and screws. Although there are 
several pre-contoured plates available for this 
aim, the less massive plates employed for rib 
fixation can also be used. In the presence of a flail 
chest a different approach can be followed to fix-
ate both ribs and sternum.

8.5.3  Scapular Fractures

Fractures of the scapula are uncommon; they 
occur due to a high-energy dissipation. These 
patients usually have associated injuries (61 %) 
with higher treatment priority. The associated 
injuries reported most frequently are rib fractures 
including pneumothorax, hemothorax, pulmo-
nary and spinal injuries.

A patient with a scapular fracture typically pres-
ents with the arm adducted along the body. In phys-
ical examination, swelling, crepitus, ecchymosis, 
and local tenderness may be present. Active range 
of motion is restricted in all directions. With the 
presence of a scapular fracture, arterial injury and/
or brachial plexopathy should also be considered. 
Most fractures occur in body (30 %) and neck 
(25 %) and can be treated non- operatively. In 
contrast, displaced intraarticular fractures of gle-
noid mostly need operative fixation.

8.6  Lung Injuries

8.6.1  Pulmonary Lacerations

Pulmonary laceration can be the result of pene-
trating chest trauma. But also blunt injury, which 
causes penetration due to rib fractures or torn 

Fig. 8.13 Rib fixation: xray post op
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lung tissue as a result of shearing forces can lead 
to lacerations of the lung parenchyma. Lung lac-
erations are characterized by the disruption of the 
pulmonary architecture, which will cause air or 
blood leakage. If this ruptures through the vis-
ceral pleura it will lead to a pneumothorax, 
hemothorax, or both. When blood or air becomes 
entrapped in the lung parenchyma a traumatic 
cyst develops which will be called pulmonary 
hematoma or pneumatocele, respectively [58].

The only classification system for pulmonary 
lacerations published until now is from Wagner 
et al. (Table 8.3). They describe 4 types of lacera-
tions based on CT findings or mechanism of 
injury: compression rupture, compression shear, 
rib penetration, and adhesion tears [59]. 
Treatment is often non-operative; however, 
depending on the grade and location, sometimes 
surgical treatment is necessary. A thoracotomy 
with preservation of the lung is the primary goal 
in combination with wedge resection and seg-
mentectomy if required. In case of penetrating 
injury caused by rib fractures with a through and 
through tract, a pulmonary tractotomy can be 
performed (see Sect. 8.10, Figs. 8.14 and 8.15).

8.6.2  Pulmonary Contusion

The most common injury after thoracic trauma is 
pulmonary contusion. It occurs in 30–75 % of all 
patients [30]. It arises after severe blunt impact 
with chest wall injury, due to shearing forces in 
deceleration trauma or after penetrating injury, 

especially gunshot wound with high energy 
 missiles. In adults, pulmonary contusion is often 
associated with other injuries whereas in chil-
dren, as their chest is pliable, it can be found in 
isolation. The lung is affected due to the direct 
trauma and damage to the parenchyma causing 
extravasation of blood and edema in the alveolar 
space (Figs. 8.4 and 8.5). It occurs mostly on the 
peripheral lung parenchyma and in contrast to 
aspiration pneumonia it does not stick to the ana-
tomic pulmonary segments. The patient often 
present with respiratory distress or failure. On the 
initial chest X-ray, significant pulmonary contu-
sion will be apparent; however, only approxi-
mately half of the abnormalities are detected at 
the time of admission [60]. Additional CT scans 

Table 8.3 Classification of pulmonary lacerations 
according to Wagner et al. [59]

Type
Mechanism 
of injury Appearance on CT

1 Compression 
rupture

Air filled or air-fluid level in 
intraparenchymal cavity
Linear tear (when rupture 
through visceral pleura)

2 Compression 
shear

Paravertebral laceration

3 Rib 
penetration

Small peripheral cavity
Small peripheral linear 
radiolucency

4 Adhesion tear Only seen at surgery of autopsy

Fig. 8.14 Tractotomy

Fig. 8.15 Tractotomy: stapling with stapling device
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will show the extent of the contusion. Depending 
on the severity of the pulmonary contusion, 
resulting in hypoxia and hypercarbia, optimaliza-
tion of oxygenation by ventilatory support may 
be necessary. After 5–7 days the pathophysiolog-
ical changes of pulmonary contusion resolve but 
the recovery of the patient will depend on associ-
ated injuries or the appearance of complications.

8.6.3  Pulmonary Herniation

Herniation of the lung through a traumatic event 
is rare [61]. Patients who are involved in motor 
vehicle accidents can suffer multiple rib fractures 
by the compression forces of their seat belt. If 
those rib fractures originate at the costochondral 
sternal junction and are dislocated they can cause 
a ventral chest wall defect. The protrusion of lung 
parenchyma and pleural membranes through the 
thoracic cage defect results in pulmonary hernia-
tion. As the anterior wall has minimal soft tissue 
support, this location is more prone to herniation 
although it may occur even in other areas. It can 
also be caused by chondrocostal or clavicle ster-
nal dislocation. Patients can be asymptomatic or 
will have clinical signs like respiratory distress, 
thoracic ecchymosis caused by the safety belt or 
subcutaneous emphysema [62]. Furthermore an 
obvious soft bulging mass, which changes in size 
with the respiratory cycle, may be present. A CT 
scan of the chest will reveal the diagnosis but 
even a standard chest X-ray can show some signs 
of herniation. The treatment is surgical and may 
vary from open reduction and internal fixation to 
using a mesh to close the defect.

8.7  Cardiac Injuries

The exact incidence of cardiac injuries in varying 
degree of severity is unknown but is reported to 
be between 16 and 76 % [63]. Blunt cardiac 
injury (BCI) occurs when the heart is crushed 
between the sternum and thoracic vertebrae 
mostly in motor vehicle accidents; this injury can 
also occur after a fall from height, crush injuries, 
or even in sports trauma with a direct blow to the 

chest. These type of injuries can result in myocar-
dial contusion, cardiac rupture, coronary artery 
injury, or valvular disruption [3].

To diagnose BCI after thoracic trauma is dif-
ficult, but to rule out BCI is important especially 
in patients without further associated injuries 
who do not require monitoring or even admission 
to the hospital. The Eastern Association recom-
mends ECG and troponin evaluation and states 
that a normal ECG with the addition of a normal 
troponine I has a negative predictive value for 
BCI of 100 % [64].

8.7.1  Myocardial Contusion

Myocardial contusion is the most common of BCI 
with an incidence ranging from 3 to 56 % [65]. 
The patients complain of chest pain; however, as 
this is a common symptom after chest trauma, the 
differentiation between a musculoskeletal origin 
and myocardial contusion or even infarction is 
challenging. Intramyocardial hemorrhage, edema, 
and necrosis of muscle cells after myocardial con-
tusion can cause a similar increase in serum tropo-
nine, due to loss of membrane integrity, as seen in 
acute myocardial infarction. ECG changes may 
show non-specific abnormalities, conduction dis-
orders, or arrhythmias but these changes may be 
the result of non-cardiac factors like hypoxia or 
anemia. Over the last decade the CT technology 
has developed and improved overall sensitivity 
and specificity. A Multidetector CT with ECG 
gated capabilities might be able to differ between 
traumatic or ischemic injury in selected patients 
[64]. Echocardiographic evaluation, preferably 
esophageal, can reveal motility and contractility 
disorders in these cases.

8.7.2  Coronary Artery Injury

As a result of blunt chest trauma, injury to the 
coronary vessels might appear. This can consist 
of dissection, intimal tear, thrombus, vessel 
spasm, vessel rupture, or embolism. Due to its 
anterior position and the proximity of the chest 
wall, the coronary artery LAD, which is in the 
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most  vulnerable anatomic position, is affected 
mostly after blunt cardiac trauma. Secondary to 
this injury myocardial infarction can develop. 
Therefore in patients complaining of acute chest 
pain without pre-existent angina pectoris, clini-
cal suspicion must arise. An ECG must be per-
formed to rule out coronary artery injury in an 
early phase.

Late presentation will consist of single vessel 
coronary disease in young patients without athero-
sclerosis disease as cause for angina pectoris or 
myocardial infarction. Treatment should consist of 
acute PTCA and stenting as often intimal tears or 
dissections are present. Thrombolytic therapy is 
contraindicated as this will worsen the case [66].

8.7.3  Cardiac Rupture

The incidence of cardiac rupture after blunt tho-
racic trauma is rare and is reported to be 0.16–2 % 
[67]. Most patients die at the scene in conse-
quence of acute cardiac tamponade. There are 
several etiologic mechanisms described. Due to 
compression forces the atria or ventricle, at times 
of maximal filling status, may tear. Furthermore a 
rapid deceleration of the heart may cause a rup-
ture at the junction between the atria and the vena 
cava or pulmonary veins [68]. Patients present 
with signs of cardiac tamponade and if other 
causes of hypotension are ruled out (tension 
pneumothorax, abdominal bleeding) a high index 
of suspicion must exist. In case of an additional 
pericardium laceration, massive hemothorax and 
exsanguination – due to loss of tamponading 
effect – will result. In certain cases emergency 
thoracotomy can be lifesaving; however, even in 
emergency thoracotomy, survival rates are 
limited.

8.8  Fracture Treatment 
in Patients with Concomitant 
Thoracic Trauma

In severely injured patients, damage control surgery 
is the current standard. This treatment algorithm 
is primarily developed for patients with massive 

abdominal hemorrhage. The surgical procedure 
focuses on bleeding control and limitation of 
contamination. Only the most necessary proce-
dures are performed and the patient is transported 
to the intensive care unit as soon as possible. 
Definitive surgical procedures are postponed until 
the lethal triad of acidosis, hypothermia, and coag-
ulopathy is corrected [69]. In instable patients, 
interventions should be rapid and minimally trau-
matic to the patient. The primary focus is hemor-
rhage control and other life saving measures. 
Complex reconstructive work is delayed until the 
patient is better able to withstand the additional 
surgical trauma. This approach was readily adopted 
in patients with pelvic injuries [70].

Damage control surgery is developed to coun-
ter the homeostatic complications arising from 
hypovolemic shock. In addition, severely injured 
patients suffer immunological disturbances as 
well [71]. Surgery functions as a second trauma 
and increases the alterations in the immunologi-
cal response [71]. This second hit is deemed the 
underlying mechanism for the development of 
organ failure, frequently affecting the pulmonary 
tissue. By minimizing the burden of surgery, an 
attempt is made to attenuate the inflammatory 
response and reduce the incidence of organ failure. 
Damage control orthopedics is used as the cur-
rent strategy to limit the surgical hit in severely 
injured patients, in contrast to the early total care 
principles, in which the patient is treated to the 
full extent in the first session [72–75].

Currently the two concepts are both used in 
the clinical setting for the fixation of fractures. 
“Early total care” (ETC) is used in patients who 
are deemed stable, while “damage control ortho-
pedics” (DCO) is the treatment of choice in 
patients who are unstable. Early total care con-
sists of immediate repair by complex operative 
procedures. In contrast, based on the concept of 
damage control orthopedics long bone fractures 
are stabilized by external fixation, which is later 
converted to intramedullary nailing or plate fix-
ation. Early fracture fixation has been described 
to be essential to avoid pulmonary complica-
tions in multi-trauma patients, such as infection 
and pulmonary dysfunction [76, 77]. However, 
ETC gives an increased incidence of pulmonary 
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failure in severely injured patients [78, 79]. In 
these cases, DCO might be a more suitable 
approach, keeping in mind the increased percent-
age of complications at the fracture site, such as 
delayed union and infectious complications [80]. 
In conclusion, stable patients can undergo ETC, 
while unstable patients or patients in extremis 
undergo DCO. For so-called “borderline” patients 
however, a clear cut answer is still pending 
(Table 8.4) [81].

Patients with concomitant thoracic injuries are 
at increased risk for the development of pulmo-
nary complications when long bone fractures are 
treated with intramedullary nailing. In postmor-
tem studies large amounts of neutrophils are 
found in the lungs of patients who die of organ 
failure. These patients did not have infectious 
problems in the lungs and thus it is thought that 
the damage to the pulmonary tissue is caused by 
the neutrophils [82, 83]. This is supported by the 
increase in circulating levels of cytokines and 
activation of circulating neutrophils in patients 
undergoing intramedullary nailing of a femur 
fracture [81, 84, 85]. On the contrary, this altera-
tion in inflammatory response is not seen during 
intramedullary reaming of a tibia fracture.

Patients who are in extremis or are unstable 
undergo damage control, whether it is thoracic/
abdominal surgery or orthopedic surgery. When 
damage control is applied in the correct “border-
line” patients, the incidence of acute lung injury 
(ALI), acute respiratory distress syndrome 
(ARDS), sepsis, and multiple organ failure (MOF) 
is decreased. However, when damage control is 
applied in patients who would have been stable 
enough to undergo ETC, more adverse events are 
seen in the staged approach group [78]. Which 
patients are at increased risk and who should 

undergo ETC/DCO is still the subject of research. 
Several immunological parameters have been dis-
covered to aid the treating physician, and new 
drugs to modify the inflammatory response are 
being tested. However, future prospective ran-
domized studies are needed to increase the sensi-
tivity and specificity of parameters to identify 
those patients who might benefit from DCO 
concept of fracture care.

8.9  Complications

8.9.1  Acute Respiratory Distress 
Syndrome

Acute respiratory distress syndrome (ARDS) is a 
syndrome of inflammation and increased perme-
ability that is associated with clinical, radiologi-
cal, and physiological abnormalities, which 
usually develops over 4–48 h and persists for 
days or weeks (Table 8.5) [86].

The most important risk factors for the devel-
opment of ARDS are Injury Severity Score (ISS) 
and the presence of pulmonary contusion [87, 88]. 
Other risk factors described are transfusion 
requirement and hypotension on admission. 
ARDS is associated with complex changes in the 
lung, manifested by an early exudative phase and 
followed by proliferative and fibrotic phases. The 
pathogenesis of ARDS is described in Table 8.6. 
The treatment of ARDS is supportive care, includ-
ing optimized mechanical ventilation, nutritional 
support, manipulation of fluid balance, and pre-
vention of intervening medical complications. All 
patients with acute respiratory insufficiency 
require ventilatory support in order to minimize 
the risks of endobronchial mucus plugging, pneu-
monia, and atelectasis. The main aim of mechani-
cal ventilation is to maintain adequate oxygenation 
and ventilation while preventing ventilator-
induced lung injury and maintaining adequate tis-
sue perfusion.

Table 8.4 Borderline patients according to Pape et al. [81]

ISS >40
Hypothermia <35 °C
Multiple trauma with ISS >20 and AISchest >2
Multiple trauma with abdominal/pelvic injury (AIS >2) 
and shock (RRsystol <90 mmHg)
Bilateral lung contusion in chest radiography or CT
Pulmonary artery pressure (PAP) >24 mmHg
Increase of PAP >6 mmHg during femoral nailing

Table 8.5 Features of ARDS [86]

Bilateral pulmonary infiltrates on chest X-ray
PaO2/FiO2 ratio of 200 mmHg or less
Absence of clinical evidence of left atrial hypertension
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With the use of mechanical ventilation, we 
know that next to the pulmonary contusion 
mechanical ventilation can also induce an inflam-
matory response [4]. Positive end expiratory pres-
sure (PEEP) ventilation maintains PaO2 above 
60 mmHg and is considered to be effective in 
patients with ARDS. The use of PEEP can par-
tially correct the ventilation-perfusion mismatch-
ing in the lung and improve oxygenation. Low 
tidal volume ventilation reduces mortality com-
pared with high tidal volume ventilation, but can 
lead to respiratory acidosis. There is no evidence 
for the use of nitric oxide, corticosteroids, or nurs-
ing in a prone position in ARDS [89]. Alternative 
techniques like permissive hypercapnea, inverse 
ratio ventilation, and high frequency ventilation 
are used to protect the lung and prevent more ven-
tilator-induced lung injury. However, early use of 
mechanical ventilation cannot prevent from devel-
oping ARDS.

8.9.2  Chylothorax

Traumatic chylothorax is a rare complication 
following thoracic trauma and is usually due to 
penetrating trauma or iatrogenic, secondary to 

operative procedures. There is a disruption of the 
thoracic duct. After blunt thoracic trauma a chy-
lothorax is a seldom seen complication. The most 
common form of blunt injury to the thoracic duct 
is produced by hyperextension of the spine with 
rupture of the duct just above the diaphragm in 
the right thorax. The thoracic duct enters the tho-
rax through the aortic hiatus and travels up just at 
the right side of the spine. Approximately at the 
level of the fifth or sixth thoracic vertebra the 
thoracic duct crosses posterior to the aorta and 
the aortic arch into the left posterior mediasti-
num. Therefore a left-sided chylothorax is found 
in case of ruptures of the upper part of the tho-
racic duct, whereas right-sided chylothorax is 
seen in injury of lower levels. The color of the 
pleural fluid seen is chylous and has a white and 
milky aspect. However the color of the pleural 
fluid is not always indicative of a chylothorax. 
Pleural fluid may not appear chylous if the patient 
is fasting or the pleural fluid is mixed with blood. 
An easy test to perform is giving the patient fatty 
liquid, such as whipped cream, which induces the 
production of chylous fluids. The diagnosis of 
chylothorax can be confirmed by the presence of 
chylomicrons in the pleural fluid. Other charac-
teristics of the fluid are pH 7.4–7.8, lymphocyte 
predominance in cell count of a specific gravity 
of 1.012 or higher [90].

A chylothorax may also be suspected if the 
pleural fluid to serum triglyceride ratio is more 
than 1 and a pleural fluid to serum cholesterol 
ratio is less than 1 [91]. The treatment for chylo-
thorax usually starts with total peripheral nutri-
tion or medium chain triglycerides instead of a 
normal diet combined with a chest tube. 
Conservative treatment had a success rate up to 
88 % [92]. Surgical intervention gives better 
results than conservative management when the 
daily production exceeds 1 l for a period more 
than 5 days [93].

This can be done by an open thoracotomy or 
video-assisted thoracoscopic surgery (VATS) to 
ligate or clip the thoracic duct. When the thoracic 
duct cannot be found, pleurectomy can be done. 
Newer techniques described are percutaneous CT 
guided drainage, percutaneous embolization, and 
robotic surgery [94, 95].

Table 8.6 Pathogenesis of acute respiratory distress 
syndrome [4]

Cellular mechanisms:
Macrophage activation
Neutrophil recruitment and activation
Endothelial injury
Platelet aggregation and degranulation
Plasma protein activation
Alveolar epithelial injury

Tissue responses
Increased pulmonary microvascular permeability
Microvascular thrombosis
Intraalveolar and interstitial edema
Intraalveolar fibrin deposition
Altered pulmonary vasomotor tone

Pathophysiology
Hypoxemia
Decreased pulmonary compliance
Increased shunt fraction
Decreased functional residual capacity
Increased work of breathing
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8.9.3  Pleural Empyema

An empyema has been defined as a loculated 
 collection of pus within the pleural cavity. 
Common etiologies are post-pneumonic, post-
resection, and post-traumatic. Untreated post-
traumatic empyema results in a restrictive 
ventilator deficit and atelectasis. Several factors 
may contribute to a potentially higher risk for 
empyema in the trauma population. Potential 
causes for post- traumatic empyema include iatro-
genic infection of the pleural space during chest 
tube placement, direct infection resulting from 
penetrating injuries of the thoracic cavity, second-
ary infection of the pleural cavity from associated 
intra- abdominal organ injuries with diaphragmatic 
disruption, secondary infection of undrained or 
inadequately drained hemathorax, hemotogenous 
or lymphatic spread of subdiaphragmatic empy-
ema resulting from post-traumatic pneumonia, 
pulmonary contusion or acute respiratory dis-
tress syndrome. Almost 27 % of the patients 
with a retained hemathorax will develop an 
empyema [96].

Management of thoracic empyema includes 
decortication by a thoracotomy. Thoracoscopy 
seems to be an effective method also in selected 
patients if performed early. Several studies are 
performed to prove the evidence of the use of 
prophylactic antibiotics in chest tube placement. 
Patients who require a chest tube after penetrat-
ing injury might benefit from prophylactic antibi-
otics. Further research is needed to prove the 
benefit of the use of antibiotics in blunt thoracic 
injury [26].

8.9.4  Persistent Air Leakage

If the air leakage is large or persistent without re- 
expansion of the lung a tracheobronchial injury 
or deep parenchymal injury should be suspected.

A persistent pneumothorax is arbitrarily 
defined as failure to seal an air leak and achieve 
full lung expansion within 72 h of chest tube 
placement. We suggest performing a VATS (video 
assisted thoracic surgery) when a persistent pneu-
mothorax is present after 72 h, as the cause of this 

persistent air leak is often deep parenchymal 
injury [97]. Another temporary solution in the 
acute setting is to ventilate both lungs separately 
or making the tube pass the defect by pushing it 
little deeper.

8.10  Operative Techniques

For the hemodynamically unstable patient a left 
anterolateral thoracotomy in the 4th intercostal 
space is the first approach to be applied in supine 
position (Fig. 8.16). With this approach you still 
can extend to the other side crossing the sternum, 
and the abdomen is also reachable without repo-
sitioning the patient. To make is easier you can 
shove a rolled sheet behind the scapula in order to 
lift and medially rotate the patient a little. In just 
three strokes using knife, skin and subcutaneous 
tissue, pectoralis and serratus muscle, intercostal 
muscle, and thoracic cavity can be reached. The 
posterior mediastinum cannot be reached with 
this approach. A double-lumen endotracheal tube 
placed by an experienced anesthesiologist gives 
an advantage; however, it can be time consuming 
with an inexperienced anesthesiologist. In that 
case a blocker can give the solution after a rapid 
single lumen intubation.

The anterolateral approach can easily be 
extended towards the other side by going through 
the sternum by using a Gigli saw or just big scissors. 

Fig. 8.16 Anterolateral thoracotomy
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The bilateral anterolateral approach combined 
with a transverse sternotomy results in the “clam-
shell” incision, the largest incision commonly 
used in thoracic surgery (Fig. 8.17). By crossing 
the sternum, always look for and take care of the 
internal mammary artery, which can cause severe 
bleeding once the patients is not instable 
anymore.

Once you are inside the chest, first cut the 
inferior pulmonary ligament so the lung can be 
manipulated more easily. In case of a massive 
bleeding from a central lung injury try to stop the 
bleeding by manual pressure first. If this is not 
effective enough than clamp the pulmonary 
hilum (Fig. 8.18). Realize that it might be tricky 
because you often cannot see what you are doing 
within the restricted workspace provided by an 
anterolateral thoracotomy.

It might be clear that there are more operative 
options in peripheral pulmonary lesions than in 
central injuries close to the hilum. The tractot-
omy is a very useful technique for fixing through-
and- through lung injuries. You can either remove 
injured lung when it is peripherally located or 
you can perform tractotomy which is lung spar-
ing. With a staple device the injured tract inside 
the lung can be opened and connected with the 
lung surface and bleeding vessels ligated 
(Figs. 8.14 and 8.15).

An anatomic resection is seldom necessary. 
A median sternotomy is a good approach for 
 pericardial penetrating wounds or wound close to 
the sternum. The internal mammary artery, the 
heart, and even both pulmonary hilar structures 
can be reached. The peripheral pulmonary struc-
tures and the posterior mediastinum cannot be 
accessed. It should be realized that this approach 
is of limited use in patients with a massive hemo-
thorax where the bleeding structure is still not 
known. Choosing the wrong incision can give a 
lot of trouble.
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Abdominal Injuries: Indications 
for Surgery

Clay Cothren Burlew and Ernest E. Moore

9.1  Initial Evaluation 
of the Injured Patient

9.1.1  Primary Survey

The initial management of seriously injured 
patients consists of the primary survey, concur-
rent resuscitation, the secondary survey, diagnos-
tic evaluation, and definitive care as promulgated 
by the Advanced Trauma Life Support (ATLS) 
course of the American College of Surgeons 
Committee on Trauma [1]. The first step in patient 
management in the emergency department (ED) 
is the “ABCs” (Airway with cervical spine protec-
tion, Breathing, and Circulation) of the primary 
survey, and evaluating the patient’s response to 
resuscitation. At this point in the patient’s evalu-
ation, any episode of hypotension (defined as a 
SBP less than 90 mmHg) is assumed to be caused 
by hemorrhage until proven otherwise. Blood 
pressure and pulse should be measured manually 
at least every 5 min in patients with significant 
blood loss until normal vital signs are restored.

Patients with hemodynamic instability and 
either a penetrating abdominal wound or intraab-
dominal hemorrhage noted on FAST exam should 
undergo urgent laparotomy. In patients with gun-
shot wounds to the chest or abdomen, a chest and 
abdominal film, with radiopaque markers at the 
wound sites, should be obtained to determine tra-
jectory of the bullet or location of a retained frag-
ment. For example, a patient with a gunshot 
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wound to the upper abdomen should have a chest 
radiograph to ensure the bullet did not traverse 
the diaphragm causing intrathoracic injury. If a 
patient has a penetrating weapon remaining in 
place, this should not be removed in the ED as it 
could be tamponading a lacerated blood vessel. 
The surgeon should extract the offending instru-
ment in the controlled environment of the operat-
ing room, ideally once an incision has been made 
with adequate exposure.

In a patient without either of these clear opera-
tive indications who has persistent hypotension, 
one should systematically evaluate the five poten-
tial sources of blood loss: scalp, chest, abdomen, 
pelvis, and extremities. Thoracoabdominal 
trauma should be evaluated with a combination 
of chest radiograph, FAST, and pelvic radio-
graph. If the FAST is negative and no other 
source of hypotension is obvious, DPA should be 
entertained [2]. This is a diagnostic measure that 
can easily be performed in the trauma bay. 
Patients with high energy mechanisms should 
have their pelvis wrapped with a sheet until radi-
ography can be done. Transport of a hypotensive 
patient out of the ED for computed tomographic 
(CT) scan evaluation may be hazardous; monitor-
ing is compromised and the environment is sub-
optimal to deal with acute problems. If the DPA 
is positive, with greater than 10 cc of frank blood 
aspirated, the patient should be emergently trans-
ported to the operating room for laparotomy.

9.1.2  Secondary Survey

For hemodynamically stable trauma patients, fur-
ther evaluation for abdominal injuries is system-
atically performed. Abdominal examination 
includes inspection for abdominal wall abrasions 
or ecchymosis, and assessing for distension, 
rigidity, tenderness, or rebound. Drugs, alcohol, 
and head and spinal cord injuries, however, can 
render the physical examination unreliable. 
Patients with evidence of peritonitis on examina-
tion should undergo laparotomy. Digital rectal 
examination is performed to evaluate for sphinc-
ter tone, presence of blood, rectal perforation, or 
a high-riding prostate; this is particularly critical 

in patients with a suspected pelvic fracture or a 
transpelvic gunshot wound. Vaginal examination 
with a speculum should also be done in women 
with pelvic fractures to exclude a laceration, 
which would classify the fracture as an open 
fracture.

Adjuncts to the physical exam include vital 
sign and ECG monitoring, repeat FAST, labora-
tory measurements, and radiographs. A nasogas-
tric tube (NGT) should be inserted in all intubated 
patients to decrease the risk of gastric aspiration, 
but may not be indicated in the awake patient. 
NGT evaluation of stomach contents for blood 
may suggest occult gastroduodenal injury or the 
course of the NGT on chest film may suggest a 
diaphragm injury. A Foley catheter should be 
inserted in patients unable to void to decompress 
the bladder, obtain a urine specimen, and monitor 
urine output. Gross hematuria demands evalua-
tion of the genitourinary system for injury. Foley 
catheter placement should be deferred until uro-
logic evaluation in patients with signs of urethral 
injury: blood at the meatus, perineal or scrotal 
hematomas, or a high-riding prostate.

Blunt abdominal trauma is initially evaluated 
by FAST exam in most major trauma centers, and 
this has largely supplanted DPL (Fig. 9.1) [3]. 
The advantage of FAST is that it is noninvasive, 
portable, rapid, and easily repeatable over the 
patient’s ED course. Any of the three standard 
views of the abdomen – right and left upper quad-
rants, and pelvis – can reveal intraabdominal 
fluid, which is presumed to be hemorrhage unless 
the patient has liver disease with known ascites 
(Fig. 9.2). Although ultrasound is sensitive for 
detecting intraperitoneal fluid greater than 
400 mL, it does not reliably determine the source 
of hemorrhage or extent of solid organ injuries, 
and does have limitations in some settings such 
as subcutaneous emphysema, morbid obesity, 
and retroperitoneal hemorrhage from pelvic frac-
tures [4–6]. As noted above, FAST is not 100 % 
sensitive; therefore, DPA is warranted in hemo-
dynamically unstable patients without a defined 
source of blood loss to rule out massive hemo-
peritoneum. The FAST exam should be repeated 
to verify the patient has not developed hemoperi-
toneum. Occasionally, the first ultrasound views 
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of the abdomen may be normal; repeating the 
ultrasound as a second snapshot in time is critical 
for patients at high risk for injury. Patients with 
fluid on FAST exam, considered a “positive 
FAST,” who do not have immediate indications 
for laparotomy and are hemodynamically stable, 
undergo CT scan to quantify their injuries.

9.2  Imaging for Abdominal 
Injuries

Based upon mechanism, location of injuries iden-
tified on physical examination, screening radio-
graphs, and the patient’s overall condition, 
additional diagnostic studies may be indicated. 
Selective radiographs are done early in the patient’s 
ED evaluation. For patients with severe blunt 

trauma, chest and pelvic radiographs should be 
obtained. Historically, a lateral cervical spine 
radiograph was also obtained, hence the reference 
to the big three films, but currently patients prefer-
entially undergo CT scanning of the spine rather 
than plain film radiography. Since its initial use in 
the early 1980s, CT scanning has become a routine 
part of the trauma evaluation for abdominal injury. 
With multi-slice helical scanning, the entire torso 
can be scanned in under 5 min. Patients with a 
positive FAST, who do not have immediate indica-
tions for laparotomy and are hemodynamically 
stable, undergo CT scan to quantify their injuries. 
Additionally, patients with persistent abdominal 
tenderness, significant abdominal wall trauma, 
distracting injuries, or altered mental status should 
undergo CT imaging. Although the majority of 
abdominal  penetrating injuries that violate the 

Hemodynamically
stable 

Peritonitis?FAST +

Yes

Yes

Yes

No

No
Equivocal

+

Indications for CT:

• Altered mental status

• Confounding injury

• Gross hematuria

• Pelvic fracture

• Abdominal tenderness

• Unexplained Hct < 35%

Repeat FAST
in 30 min

LAPAROTOMY

Abdominal CT
Yes

Yes

No

DPA

No

FAST+

Fig. 9.1 Algorithm for the initial evaluation of the patient with suspected blunt abdominal trauma (FAST focused 
abdominal sonography for trauma, DPA diagnostic peritoneal aspirate, CT computed tomography, Hct hematocrit)

9 Abdominal Injuries: Indications for Surgery



114

peritoneum require laparotomy, the exception is 
penetrating trauma isolated to the right upper 
quadrant. In  hemodynamically stable patients with 
the trajectory of penetrating trauma confined to the 
liver by CT scan, nonoperative observation is an 
option [7, 8].

CT scanning is excellent for identifying inju-
ries of the solid organs (liver, spleen, kidney). If a 
diaphragmatic injury is not clearly identified on 
ED radiograph, CT scan can also be used to 
delineate these injuries, particularly with sagittal 
or coronal reconstructions (Fig. 9.3). Despite the 

increasing diagnostic accuracy of multi-slice CT 
scanners, CT still has limited sensitivity for iden-
tification of intestinal injuries. Bowel injury is 
suggested by findings of thickened bowel wall, 
“streaking” in the mesentery, free fluid without 
associated solid organ injury, or free intraperito-
neal air [9].

The American Association for the Surgery 
Trauma (AAST) developed a grading scale to 
provide a uniform definition of solid organ inju-
ries based upon the magnitude of anatomic dis-
ruption (Table 9.1) [10]. Solid organ injury 

SPLEEN

KIDNEY

FLUID

FLUID

a b

c

Fig. 9.2 FAST imaging detects intraabdominal hemorrhage. Hemorrhage is presumed when there is a fluid stripe vis-
ible between the right kidney and liver (a), left kidney and spleen (b), or in the pelvis (c)
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grading permits effective transfer of information 
between treating physicians, and predicts failure 
rates and complication rates of nonoperative 
management (NOM). In addition to grading the 
injury, specific findings that should be noted on 
CT scan include contrast extravasation (i.e., a 
“blush”), the amount of intraabdominal hemor-
rhage, and the presence of pseudoaneurysms 
(Fig. 9.4).

9.3  Penetrating Injuries

The diagnostic approach differs between pene-
trating and blunt abdominal trauma. As a rule, 
minimal evaluation is required prior to laparot-
omy for gunshot or shotgun wounds that violate 
the peritoneal cavity, because over 90 % of 
patients have significant internal injuries. 
Anterior truncal GSWs between the fourth 

c

a b

Fig. 9.3 Left diaphragm ruptures are evident with the 
gastric bubble located in the left hemithorax (a), while 
right-sided ruptures present with the appearance of an 

elevated hemidiaphragm (b). CT scanning may be used in 
questionable cases to better identify the injury (c)
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 intercostal space and the pubic symphysis, whose 
trajectory by x-ray or entrance/exit wound indi-
cates peritoneal penetration, should undergo 
operative exploration (Fig. 9.5). GSWs to the 

back or flank are more difficult to evaluate 
because of the retroperitoneal location of the 
injured abdominal organs. Triple-contrast CT 
scan can delineate the trajectory of the bullet and 
identify peritoneal violation or retroperitoneal 
entry, but may miss specific injuries [11]. 
Similarly, in obese patients if the GSW is thought 
to be tangential through the subcutaneous tissues, 
CT scan can delineate the tract and exclude peri-
toneal violation. Laparoscopy is another option 
to assess peritoneal penetration, and is followed 
by laparotomy to repair injuries if found. If in 
doubt, it is always safer to explore the abdomen 
than to equivocate, but a period of close observa-
tion in the patient with a reliable examination and 
hemodynamic stability may be considered.

In contrast to GSWs, SWs that penetrate the 
peritoneal cavity are less likely to injure intraab-
dominal organs. Anterior abdominal SWs (from 
costal margin to inguinal ligament and bilateral 

Table 9.1 AAST solid organ injury grading scales

Subcapsular hematoma Laceration

Liver injury grade

I <10 % surface area <1 cm in depth
II 10–50 % surface area 1–3 cm
III >50 % or >10 cm >3 cm
IV 25–75 % of a hepatic lobe
V >75 % of a hepatic lobe
VI Hepatic avulsion
Spleen injury grade

I <10 % surface area <1 cm in depth
II 10–50 % surface area 1–3 cm
III >50 % surface area >3 cm
IV >25 % devascularization Hilar injury
V Shattered spleen

a b

c

Fig. 9.4 Findings on imaging that are associated with failure of NOM for splenic injuries: contrast extravasation or 
“blush” (arrow) (a), intraabdominal hemorrhage extending into the pelvis (b), and pseudoaneurysms (c)  
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mid-axillary lines) should be explored under 
local anesthesia in the ED to determine if the fas-
cia has been violated. Injuries that do not pene-
trate the peritoneal cavity do not require further 
evaluation, and the patient is discharged from the 
ED. Patients with fascial penetration must be fur-
ther evaluated for intraabdominal injury, as there 
is up to a 50 % chance of requiring laparotomy. 
The optimal diagnostic approach remains debated 
between serial examination, diagnostic perito-
neal lavage (DPL), and CT scanning; the most 
recent evidence supports serial examination and 
laboratory evaluation [12].

Abdominal SWs of three body regions require 
a unique diagnostic approach: thoracoabdominal 
SWs, right upper quadrant SWs, and back/flank 
SWs. Occult injury to the diaphragm must be 
ruled out in patients with SWs to the lower chest. 
Diagnostic laparoscopy or DPL can be used to 
exclude diaphragmatic injury. Patients undergo-
ing DPL evaluation have different laboratory 

value cut-offs than those traditional values for-
merly used for abdominal stab wounds 
(Table 9.2). A RBC count of more than 10,000/
μL is considered positive, and an indication for 
laparotomy while patients with a DPL RBC 
count between 1,000/μL and 10,000/μL should 

Penetrating
abdominal

trauma

Hemodynamically
unstable

Hemodynamically
stable

Operating
room

GSW

SW

Anterior
Abdomen

RUQ

Tangential*
back/flank CT

scan

AASW
with

+ LWE

Back/Flank

Serial
exams/

labs

+

+

*Tangential GSWs may also be evaluated with diagnostic laparoscopy.
** A positive local wound exploration is defined as violation of the posterior fascia. 

Evisceration/
peritonitis

Fig. 9.5 Algorithm for the evaluation of penetrating abdominal injuries (GSW gunshot wound, SW stab wound, RUQ 
right upper quadrant, AASW anterior abdominal stab wound, LWE local wound exploration)

Table 9.2 A positive diagnostic peritoneal lavage fol-
lowing trauma is defined by specific laboratory values

Laboratory study Positive value

AASW TSW

White blood cell 
(WBC)

>500 cells/μL >500 cells/μL

Red blood cell 
(RBC)

>100,000 cells/
μL

>10,000 cells/
μL

Amylase >19 IU/L >19 IU/L
Alkaline 
phosphatase

>2 IU/L >2 IU/L

Bilirubin >0.1 mg/dL 0.1 mg/dL

AASW anterior abdominal stab wounds, TSW thoracoab-
dominal stab wounds
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undergo laparoscopy or thoracoscopy. A RBC 
count of less than 1,000/μL is considered nega-
tive; that is, the red cells are due to the procedure 
itself. Alternatively, laparoscopy may be pre-
ferred in those who cannot tolerate a DPL or 
those with evidence of a hemothorax or pneumo-
thorax on chest radiograph. SWs to the flank and 
back should undergo triple-contrast CT to assess 
for retroperitoneal injuries of the colon, duode-
num, and urinary tract [11] (Fig. 9.6).

Although not universally embraced, selected 
patients with penetrating injuries to the right 
upper quadrant may be candidates for NOM [13–
16]. Patients must have a CT scan that documents 
confinement of the injury to the liver (Fig. 9.7). 
Additionally, the patient must be hemodynami-
cally stable, have a reliable physical examination 
without evidence of peritonitis (i.e., cannot have 

depressed mental status), and not require blood 
products. Patients should be admitted for serial 
examination and hemoglobin monitoring; any 
alteration should prompt laparotomy. Violation of 
the diaphragm has the risk of a biliopleural fistula. 
An alternative approach is to perform laparoscopy 
to confirm trajectory of the missile or knife, and to 
repair the diaphragm. In addition to avoiding the 
morbidity of a laparotomy, the success of NOM 
for penetrating trauma has resulted in decreased 
hospital stays, lower transfusion requirements, 
and diminished abdominal infection rates.

9.4  Blunt Abdominal Trauma

9.4.1  Liver and Spleen

With the advent of CT scanning, NOM of solid 
organ injuries has replaced routine operative 
exploration. NOM of blunt solid organ injuries is 
appropriate in hemodynamically stable patients 
that do not have overt peritonitis or other indica-
tions for laparotomy. High-grade injuries, a large 
amount of hemoperitoneum, contrast extravasa-
tion, and pseudoaneurysms are not absolute con-
traindications for nonoperative management; 
however, these patients are at high risk for failure 
and are more likely to need angioembolization 
[17–21]. Likewise, there is not a patient age cut-
off for the NOM of solid organ injuries. A multi-
disciplinary approach including angiography 
with selective angioembolization has improved 
NOM success rates as well as survival [19, 20, 
22]. Over 80 % of patients with liver injuries may 
be managed nonoperatively.

Fig. 9.7 Nonoperative management of penetrating abdominal trauma may be considered if the wound is isolated to the 
liver as documented by CT scan (arrow points to stab wound tract in liver)

Fig. 9.6 Triple-contrast CT scan of the abdomen can 
delineate retroperitoneal injuries such as this colon injury 
(with contrast extravasation) (arrow) following a stab 
wound to the back
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Patients who require laparotomy for their liver 
injuries typically fail NOM in the first 24–48 h 
[17, 22]. Patients with persistent hemodynamic 
instability despite red cell transfusions of 4 units 
in 6 h or 6 units in 24 h should undergo laparot-
omy. Patients that develop peritonitis following 
admission should also undergo laparotomy with 
concern of a missed bowel injury. Of the minority 
(8 %) of patients that fail NOM, half require 
operation due to associated injuries (i.e., enteric 
or pancreatic injuries) while half undergo lapa-
rotomy for hepatic-related hemorrhage [17]. 
Predicting which patients will ultimately require 
laparotomy has yet to be accomplished. Perhaps 
not surprisingly, those patients who fail NOM 
have increasing rates of failure associated with 
increasing grades of hepatic injury. Series pub-
lished to date report failure rates of 14 % in grade 
IV injuries and 23 % in grade V injuries [18]. The 
amount of hemoperitoneum appears to inversely 
correlate with successful management; patients 
with a large amount of hemoperitoneum (i.e., 
blood extending into the pelvis) are more likely 
to fail NOM.

An indication for angioembolization to 
address ongoing hepatic bleeding is transfusion 
of 4 units of RBCs in 6 h or 6 units of RBCs in 
24 h in the hemodynamically stable patient. 
Hemodynamic instability, however, often 
requires laparotomy with perihepatic packing for 
hemostasis. Patients with contrast extravasation 
identified on CT scanning, indicating arterial 
hemorrhage, should also be considered as a can-
didate for hepatic angiography. Originally, evi-
dence of extravasation was an indication for 
laparotomy; however, the advent of endovascular 
techniques has resulted in effective hemostasis in 
selected cases. Angioembolization is particularly 
helpful in hemodynamically stable patients with 
contrast pooling within the hepatic parenchyma 
[19]. Patients with contrast extravasation into the 
peritoneal cavity are more likely to require lapa-
rotomy [20], but cases of successful embolization 
have been reported [21].

Until the 1970s, splenectomy was considered 
mandatory for all splenic injuries. Recognition 
of the immune function of the spleen refocused 
efforts on splenic salvage in the 1980s [23, 24]. 

Following success in pediatric patients, NOM of 
splenic injuries was adopted in the adult popu-
lation, and has become the prevailing strategy 
for blunt splenic trauma [25]. NOM of solid 
organ injuries is pursued in hemodynamically 
stable patients that do not have overt peritoni-
tis or other indications for laparotomy [26–30]. 
Similar to liver injuries, there is not an age cut-
off for patients for the NOM of splenic injuries 
[31, 32]. High- grade injuries, a large amount of 
hemoperitoneum, contrast extravasation, and 
pseudoaneurysms are not absolute contraindica-
tions for NOM; however, these patients are at 
high risk for failure [33–36]. The identification 
of contrast extravasation as a risk factor for fail-
ure of NOM led to liberal use of angioemboli-
zation in an attempt to avoid laparotomy. The 
true value of angioembolization in splenic sal-
vage has not been rigorously evaluated. Patients 
with intraparenchymal splenic blushes who are 
otherwise asymptomatic may be considered 
for a period of observation rather than empiric 
angioembolization [37]; it is thought that the 
contained hemorrhage within the splenic cap-
sule may result in tamponade of the bleeding 
(Fig. 9.8).

It is clear, however, that 20–30 % of patients 
with splenic trauma deserves early splenectomy, 
and that failure of NOM often represents poor 
patient selection [38, 39]. In adults, indications 
for prompt laparotomy include initiation of 
blood transfusion within the first 12 h considered 
to be secondary to the splenic injury, or hemody-
namic instability. In the pediatric population, 
blood transfusions up to half the patient’s blood 
volume are utilized prior to operative interven-
tion. Following the first 12 postinjury hours, 
indications for laparotomy are not as black and 
white. Determination of the patient’s age, comor-
bidities, current physiology, degree of anemia, 
and associated injuries will determine the use of 
transfusion alone versus intervention with either 
embolization or operation. Unlike hepatic inju-
ries, which rebleed in 24–48 h, delayed hemor-
rhage or rupture of the spleen can occur up to 
weeks following injury. Overall, nonoperative 
treatment obviates laparotomy in more than 
90 % of cases.
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9.4.2  Pancreatic Injuries

Pancreatic contusions, with or without associated 
ductal disruption, are difficult to diagnose in 
patients with blunt abdominal trauma [40]. 
Patients clearly at risk include those with signifi-
cant mechanisms including high force, a seatbelt 
sign on physical examination, or a blow to the 
epigastrium [41]. The initial CT scan may show 
nonspecific stranding of pancreas. Associated 
fluid around the pancreas should prompt further 
invasive studies such as ERCP or MRCP to rule 
out a biliary or pancreatic duct injury. With a 
 tentative diagnosis of a pancreatic contusion, one 
may consider following serial determinations of 
amylase/lipase; although these lab studies do not 
have a reliable sensitivity [42], increasing values 
over time combined with an alteration in clinical 

exam should prompt a repeat CT scan, duodenal 
C-loop study, DPL, or an ERCP depending upon 
the suspected lesion.

Historically, injuries to the pancreas were 
managed with operative intervention [43]. 
With the recent evolution of NOM for solid 
organ injuries, a nonresectional management 
schema has developed for select pancreatic 
injuries [44, 45]. Observation of pancreatic 
contusions, particularly those in the head of the 
pancreas that may involve ductal disruption, 
includes serial exams and monitoring of serum 
amylase. Patients with pancreatic injuries 
involving the major ducts, originally a strict 
indication for operative intervention, may be 
managed with ERCP and stenting in select 
patients; durability of this approach is cur-
rently under investigation [46].

a b

c

Fig. 9.8 Intraparenchymal splenic blush noted on initial CT scan (a, b) may resolve following a period of close 
 observation (c) (arrow points to contrast extravasation)
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9.4.3  Bowel Injuries

Diagnosing a hollow viscus injury is notoriously 
difficult [47], and even short delays in diagnoses 
result in increased morbidity [48, 49]. Findings 
suggestive of a bowel injury include thickening of 
the bowel wall, “streaking” in the mesentery, or free 
intraperitoneal air [9] (Fig. 9.9). If a patient’s initial 
CT scan of the abdomen shows free fluid without 
evidence of a solid organ injury to explain such 
fluid, evaluation for a bowel injury should be per-
formed [50–52]. DPL should also be considered in 
a patient if there is increasing intraabdominal fluid 
on bedside ultrasound in patients with a solid organ 
injury but a stable hematocrit, and/or in patients 
with unexplained clinical deterioration. Particular 
attention should be paid to elevations in the DPL 
effluent of bilirubin, alkaline phosphatase, and 
amylase when pursuing a diagnosis of bowel injury, 
with specific laboratory values indicating need for 
laparotomy (Table 9.2) [53, 54]. A rectal injury 
may be life threatening in patients with pelvic frac-
tures. While some patients have clear findings on 
physical examination, ranging from hematochezia 
to overt degloving of the perineum, others may 
have occult injuries that are missed on initial evalu-
ation in the trauma bay. Flexible or rigid sigmoidos-
copy should rule out blood within the canal, clear 
intestinal perforation, or ischemic mucosa [55].

Following blunt trauma, patients may develop 
hematomas in the duodenal wall which obstruct 

the lumen. Clinical exam findings include epigas-
tric pain associated with either emesis or high 
nasogastric tube (NGT) output; CT scan imaging 
with oral contrast failing to pass into the proxi-
mal jejunum is diagnostic. Patients with sus-
pected associated perforation, suggested by 
clinical deterioration or imaging with retroperito-
neal free air or contrast extravasation, should be 
explored operatively. NOM includes continuous 
NGT decompression and nutritional support with 
total parenteral nutrition (TPN) [56, 57]. A 
marked drop in NGT output heralds resolution of 
the hematoma, which typically occurs within 2 
weeks; repeat imaging to document these clinical 
findings is optional. If the patient does not 
improve clinically or radiographically within 4 
weeks, operative evaluation is warranted.

9.4.4  Genitourinary

Over 90 % of all blunt renal injuries are treated 
nonoperatively. Operative intervention following 
blunt trauma is limited to renovascular injuries 
and destructive parenchymal injuries that result 
in hypotension. The renal arteries and veins are 
uniquely susceptible to traction injury caused by 
blunt trauma. As the artery is stretched, the 
inelastic intima and media may rupture, causing 
thrombus formation and resultant stenosis or 
occlusion. The success of renal artery repair 
approaches 0 % but an attempt is reasonable if 
the injury is less than 5 h old, or if the patient has 
a solitary kidney or bilateral injuries [58]. Early 
CT diagnosis with Interventional Radiology 
placement of a stent should improve outcomes. 
Reconstruction of blunt renovascular injuries, 
however, may be difficult because the injury is 
typically at the level of the aorta. If repair is not 
possible within this time frame, leaving the kid-
ney in situ does not necessarily lead to hyperten-
sion or abscess formation. The renal vein may be 
torn or completely avulsed from the vena cava 
due to blunt trauma. Typically, the large hema-
toma causes hypotension, leading to operative 
intervention. The majority of penetrating wounds 
to kidneys are explored. Renal vascular injuries 
are common following penetrating trauma, and 

Fig. 9.9 Small bubbles of free air are identified in the 
right upper quadrant in this patient with an enteric injury 
(arrow point to air bubbles)
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they may be deceptively tamponaded, resulting in 
delayed hemorrhage. For destructive parenchy-
mal or irreparable renovascular injuries, nephrec-
tomy may be the only option; palpation of a 
normal contralateral kidney must be performed 
since unilateral renal agenesis occurs in 0.1 % of 
patients.

Bladder injuries are subdivided into intraperi-
toneal versus extraperitoneal location based upon 
extravasation of contrast on CT cystography. 
Ruptures or lacerations of the intraperitoneal 
bladder are operatively closed with a running, 
single-layer, 3-0 absorbable monofilament suture. 
Laparoscopic repair is becoming common in 
patients not requiring laparotomy for other inju-
ries. Extraperitoneal ruptures are treated nonop-
eratively with bladder decompression for 2 weeks.

9.5  Postinjury Complications 
Requiring Abdominal 
Exploration

Following hepatic injuries, the most common 
complication is a bile leak or biloma, occurring 
in up to 20 % of patients (Fig. 9.10) [59, 60]. 
Clinical presentation includes abdominal disten-
sion, intolerance of enteral feeds, and elevated 
liver functions tests. CT scanning effectively 
diagnoses the underlying problem, and the vast 
majority is treated with percutaneous drainage 
and ERCP with sphincterotomy. Occasionally, 
laparoscopy or laparotomy with drainage of bili-
ary ascites is indicated, particularly if the patient 
fails to resolve their ileus and fever [61]. Patients 
undergoing angioembolization for liver trauma 

must be carefully monitored for hepatic necrosis, 
and may occasionally require delayed formal 
hepatic resection.

The most common problem in patients with 
splenic injuries is delayed bleeding, although as 
noted previously, the majority fails over an estab-
lished timeframe. Patients undergoing splenic 
embolization can fail with rebleeding with 13 % 
of patients requiring splenectomy [62].

Missed bowel injuries are the most commonly 
pursued injury, not due to their frequency (less than 
5 % of blunt trauma) but rather their associated 
morbidity. Observation for a missed small or large 
bowel injury is critical; clinical findings in such 
patients include a rising white blood cell count, 
fever, tachycardia, and increasing abdominal pain 
or frank peritonitis. After repair of bowel injuries, 
the most common intraabdominal complications 
are anastomotic failure and abscess. Percutaneous 
versus operative therapy will be based on the loca-
tion, timing, and extent of the collection.

An additional postinjury complication that 
may require laparotomy is the abdominal com-
partment syndrome (ACS). The ACS is defined 
as intraabdominal hypertension plus end-organ 
sequelae (decreased urine output, increased pul-
monary inspiratory pressures, decreased cardiac 
preload, and increased cardiac afterload). The 
ACS can be due to either intraabdominal injury 
(primary) or massive resuscitation (secondary). 
A diagnosis of intraabdominal hypertension 
cannot reliably be made by physical examina-
tion; therefore it is obtained by measuring the 
intraperitoneal pressure. Organ failure can occur 
over a wide range of recorded bladder pres-
sures, and there is not a single measurement 

a bFig. 9.10 A biloma, evident 
on CT scan (a), with an 
associated right hepatic duct 
injury evident on ERC (b)
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of bladder  pressure that prompts therapeutic 
intervention, except >35 mmHg. Rather, emer-
gent decompression is warranted in the patient 
with intraabdominal hypertension at the level it 
produces end-organ dysfunction. Laparotomy 
is performed either in the ICU if the patient is 
hemodynamically unstable, or in the operat-
ing room. ICU bedside laparotomy is easily 
accomplished, precludes transport in hemody-
namically compromised patients, and requires 
minimal equipment (scalpel, suction, cautery, 
and abdominal temporary closure dressings). 
Patients with significant intraabdominal fluid 
as the primary component of their ACS, rather 
than bowel or retroperitoneal edema, may be 
effectively decompressed via a percutaneous 
drain. This may also be applicable for NOM 
of major liver injuries. Patients with significant 
free fluid are identified by bedside ultrasound, 
and avoid the morbidity of a laparotomy. When 
laparotomy is required, temporary coverage of 
the abdominal contents is obtained using a 1010 
drape and ioban coverage (Fig. 9.11). Of note, 
patients can develop recurrent abdominal com-
partment syndrome despite a widely open abdo-
men. Therefore, bladder pressures should be 
monitored every 4 h, with significant increases 
in pressures alerting the clinician to the possible 
need for repeat operative decompression.

9.6  Collaboration in the Multiply 
Injured Patient

Patients with abdominal trauma often have asso-
ciated fractures of the pelvis and extremities. 
Early dialogue between the trauma and orthope-
dic teams is critical to coordinate patient care and 
optimize outcomes. One illustrative example of 
this collaboration is the patient with hemody-
namic instability and an unstable pelvic fracture. 
Protocols for care, with the early involvement of 
both the trauma and orthopedic teams in the 
trauma bay and in the operating room, has been 
shown to reduce mortality [63]. In these multiply 
injured patients, the orthopedic team can stabilize 
fractures in the ED while the trauma team evalu-
ates the patient for thoracoabdominal trauma and 
determine the need for operative management. In 
patients requiring emergent laparotomy who also 
require intervention for an unstable pelvic frac-
ture, the two teams can operate simultaneously; 
the trauma team performs the laparotomy while 
the orthopedic team places an external fixator and 
performs preperitoneal pelvic packing (PPP) [64, 
65]. Alternatively, if the patient’s hemodynamic 
instability is related to the pelvic fracture with 
concurrent extremity injuries, the trauma team 
can perform PPP while the orthopedic team 
places extremity external fixators, washes out 

a b c

Fig. 9.11 Temporary closure of the abdomen entails covering the bowel with fenestrated 1010 drape (a), placement of 
JP drains and a blue towel (b), followed by ioban occlusion (c)
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open fractures, and performs necessary fascioto-
mies. Timely communication can ensure appro-
priate resuscitation and permit simultaneous 
operations [66, 67].
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Management of Pelvic Ring 
Injuries

David J. Hak and Cyril Mauffrey

10.1  Introduction

10.1.1  Anatomy

The sacrum and two innominate bones (com-
posed of the ilium, ischium, and pubis) are firmly 
connected by several strong ligaments to form 
the ring-like structure of the pelvis. Anteriorly, 
the innominate bones are joined at the pubic 
symphysis, which consists of a hyaline cartilage 
articulation with multiple supporting ligaments. 
Posteriorly, the innominate bones are joined to the 
sacrum at the sacroiliac joint. The sacroiliac joint 
consists of an articular portion anteriorly and the 
fibrous or ligamentous portion posteriorly.

The bones of the pelvis have no intrinsic stabil-
ity and are stabilized by several strong ligamen-
tous structures (Fig. 10.1). The soft tissue 
connection at the pubic symphysis consists of 
fibrocartilage spanning between the two pubic 
bones and the arcuate ligament inferiorly. The 
posterior pelvic ring ligaments are critical for pel-
vic stability. The strongest of these ligaments are 
the posterior sacroiliac ligaments. These liga-
ments are made up of short oblique fibers that run 
from the posterior ridge of the sacrum to the pos-
terosuperior and posteroinferior iliac spines, and 
longer longitudinal fibers that run from the lateral 
sacrum to the posterosuperior iliac spine combin-
ing with the sacrotuberous ligament. The sacrotu-
berous ligament is a strong band of tissue that 
runs from the posterolateral sacrum and dorsal 
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aspect of the posterior iliac spine to the ischial 
tuberosity. The sacrotuberous ligament, along 
with the posterior sacroiliac ligaments, provides 
vertical stability to the pelvis. The sacrospinous 
ligament runs from the lateral edge of the sacrum 
and coccyx to the sacrotuberous ligament and 
inserts onto the ischial spine. The iliolumbar liga-
ments run from the fourth and fifth lumbar trans-
verse processes to the posterior iliac crest; the 
lumbosacral ligaments run from the fifth lumbar 
transverse process to the sacral ala. The anterior 
sacroiliac ligaments are relatively weak compared 
to the strong posterior sacroiliac ligaments.

Anatomically the pelvis structures can be sep-
arated into the true pelvis, located below the ilio-
pectineal line (pelvic brim) and the false pelvis, 
located above the iliopectineal line. Numerous 
anatomical structures, including vascular supply 
for the buttocks and lower extremities, pass 
between the false and true pelvis. The true pelvis 
contains the floor of the pelvis along with the ure-
thra, rectum, prostate, and vagina. The false pel-
vis surrounds the lower intraabdominal contents 
along with the iliacus muscle.

It is important to understand the location of 
major blood vessels which lie on the inner wall 
of the pelvis, since injury to these vessels is 
commonly associated with severe hemorrhage 
(Fig. 10.2). An understanding of pelvic anatomy 
will help the orthopedic surgeon recognize which 
fracture patterns are more likely to cause direct 
damage to major vessels and result in significant 
bleeding. The common iliac artery divides into the 
external and internal branches. The external iliac 

artery exits the pelvis anteriorly over the pelvic 
brim to become the femoral artery. The internal 
iliac artery lies over the pelvic brim and courses 
anterior and in close proximity to the sacroiliac 
joint. The posterior branches of the internal iliac 
artery include the iliolumbar, superior gluteal, and 
lateral sacral arteries. The superior gluteal artery, 
which is the largest branch of the internal iliac 
artery, courses across the sacroiliac joint in the true 
pelvis and exits through the greater sciatic notch to 
supply the gluteus medius, gluteus minimus, and 
tensor fascia lata muscles. It is the most commonly 
injured vessel in pelvic fractures with posterior 
ring disruptions. Anterior branches of the internal 
iliac artery include the obturator, umbilical, vesi-
cal, pudendal, inferior gluteal, rectal, and hemor-
rhoidal arteries. The inferior gluteal artery exits 
the pelvis through greater sciatic notch inferior to 
the piriformis and supplies the gluteus maximus. 
The pudendal and obturator arteries are adjacent 
to the pubic rami. In addition to the arteries, there 
is an associated large venous plexus which drains 
into the internal iliac vein. Injury to this venous 
plexus is the major source of hemorrhage in most 
pelvic fractures.

The neural structures that traverse the pelvis 
can also be injured in displaced pelvic fractures, 
leading to long-term morbidity. The sciatic nerve 
is formed by roots from the lumbosacral plexus 
(L4, L5, S1, S2, S3) and exits the pelvis deep to 
the piriformis muscle. The lumbosacral trunk is 
formed from the anterior rami of L4 and L5, and 
it crosses anterior to the sacral ala and SI joint. 
Fractures of sacral ala or dislocations of SI joint 
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Fig. 10.1 (a) Posterior view of the pelvis showing the 
strong posterior ligaments which provide critical stabil-
ity of the pelvic ring. (b) Anterior view of the pelvis 

showing the important ligamentous structures that stabi-
lize the pelvic ring (From: Tile [1])
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are most likely to injure the lumbosacral trunk. 
Typical displacement patterns in posterior pelvic 
fractures include cranial and posterior displace-
ment of the hemipelvis. This may actually 
decrease the tension on the nerve roots exiting 
the pelvis posteriorly. More concerning are pel-
vic injuries with anterior (and caudal) displace-
ment of the hemipelvis, as these displacement 
patterns potentially put the nerve roots on contin-
ued and significant stretch. The L5 nerve root 
exits below the L5 transverse process and crosses 
the sacral ala approximately 2 cm medial to the 
sacroiliac joint. It may be injured in SI joint dis-
ruptions and during anterior surgical approaches 
to the SI joint.

Significant anterior ring disruption can also 
damage the urethra and/or bladder. The female 
urethra is short and not rigidly fixed to the pubis 
or pelvic floor. Since it is more mobile it is less 
susceptible to injury from shear forces associated 
with pelvic fractures. The male urethra is less 
mobile and is making it more susceptible to injury 
in pelvic fractures. Stricture is the most com-
mon long-term complication observed in male 
patients who have sustained a urethral injury, but 
impotence may also occur in 25–47 % of patients 
with urethral rupture and is likely due to associ-
ated injury of the parasympathetic nerves (S2–
S4). In males the bladder neck is attached to the 

pubis by puboprostatic ligaments and is contigu-
ous with prostate, whereas in females the bladder 
lies on pubococcygeal portion of levator ani mus-
cles. The superior and upper posterior portion of 
the bladder is covered by peritoneum, while the 
remainder of the bladder is extraperitoneal and 
covered with loose areolar tissue. Bladder inju-
ries may be caused by a variety of mechanisms 
including bony spicules from the pubic rami 
fractures, blunt force injuries causing rupture, 
or shearing injuries. Intraperitoneal bladder rup-
tures require operative repair. Extraperitoneal 
bladder ruptures can usually be managed nonop-
eratively unless there is a bony spicule invading 
the bladder. Nonoperative management consists 
of catheter drainage and broad spectrum antibiot-
ics. Most bladder injuries heal by 3–6 weeks, and 
a cystogram is obtained prior to catheter removal 
to confirm bladder healing.

10.2  Classification

Classification systems are useful to aid in deci-
sion making and treatment following high-energy 
pelvic fractures [3, 4]. Several pelvic fracture 
classification systems have been developed 
including the Pennal, Letournel, Bucholz, Tile, 
and Young and Burgess. The two classification 

Common iliac
artery
Ureter

External
iliac artery

External
iliac vein

Vas deferens

Obturator
nerve
Superior
vesical artery

Bladder

Symphysis
pubis

Rectum

Lumbosacral
artery

Pelvic splanchnic
nerves

Superior

S1 nerve

Internal iliac artery
(hypogastric artery)

S2 nerve

gluteal
arteryInferior

Fig. 10.2 Internal aspect 
of the pelvis showing the 
major blood vessels that 
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systems which are commonly used are the Tile 
classification and the Young and Burgess 
classification.

The Tile classification primarily describes pel-
vic instability based on the anterior and posterior 
injury pattern(s) [5, 6]. Injuries are divided into 
three broad categories using an ABC classification 

similar to the AO/OTA classification system. 
These three main categories are further divided 
into specific subtypes. Type A injuries are stable 
pelvic fractures. Type B injuries are rotationally 
unstable, but vertically stable fractures. Type C 
injuries are both rotationally and vertically unsta-
ble (Table 10.1).

Table 10.1 Tile classification system of pelvic fractures

Type Description Mechanism

Stable posterior ring
  A1

Avulsion fractures (e.g., ASIS, AIIS, or ischial tuberosity)

  A2 Stable iliac wing fracture
Minimal fracture displacement of the pelvic ring with intact 
ligaments (e.g., pubic rami and compression of the sacroiliac 
joint)

  A3 Isolated anterior ring injuries (e.g., pubic ramus)

Rotationally unstable 
& vertically stable
  B1

“Open book” injuries that cause disruption of the symphysis 
pubis +/− the sacrospinous and anterior sacroiliac ligaments

  B2 Lateral compression injury causing anterior injury to pubic rami 
and impaction rather than disruption of the posterior ligament 
complex
B2 has ipsilateral anterior and posterior injuries

  B3 Lateral compression with associated anterior and posterior 
injuries on the contralateral side

Vertical shear
  C1

Unilateral injury with further subdivision according to the 
nature of posterior injury
C1-1 iliac fracture
C1-2 sacroiliac dislocation or fracture dislocation
C1-3 sacral fracture

  C2 Bilateral injury with one side stable and the other unstable

  C3 Bilateral injury with both sides being unstable

Images of the pelvic injury are shown in the far right column. The black arrows show the direction of the vector force 
causing the injury. The round jagged red shapes show the location of ligamentous or bony injury
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Table 10.2 Young and Burgess classification

Type Description Mechanism

Anterior posterior 
compression (APC)
  APC I

Slight widening if the symphysis pubis (<2.5 cm)
Intact posterior ligamentous complex

  APC II Widening of the symphysis pubis (>2.5 cm)
Anterior widening of the sacroiliac joint (e.g., anterior sacroiliac, 
sacrotuberous, and sacrospinous ligaments are disrupted)
Posterior sacroiliac ligaments are intact

  APC III Complete disruption of the ipsilateral ligaments (APC II plus 
posterior sacroiliac ligaments)
Hemipelvis instability both rotationally and vertically

Lateral compression 
(LC)
  LC I

Oblique pubic ramus fracture
Ipsilateral sacral compression fracture
Caused by a direct lateral force

  LC II Rami fracture
Sacral crush injury with either posterior sacroiliac joint disruption 
or iliac wing fracture
Crescent fracture (posterior fracture pattern)
Caused by a anteriorly directed lateral force vs. LC I

  LC III Windswept pelvis (ipsilateral lateral compression and contralateral 
APC)
LC II pattern with continuation of force to the opposite hemipelvis 
resulting in an external rotation injury of the opposite hemipelvis

Vertical shear (VS) Disruption of all the ligamentous structures of the hemipelvis
Caused by a vertically directed force
Sacroiliac joint disruption or vertical sacral fracture

Combined 
mechanism (CM)

High-energy pelvic injuries usually involve fractures caused by 
more than a single force vector
May have combined components of any of the above fracture 
patterns

Images of the pelvic injury are shown in the far right column. The black arrows show the direction of the vector force 
causing the injury

The Young and Burgess classification is 
primarily a mechanistic system based on the 
perceived applied force necessary to produce 
the injury pattern observed. This classifica-
tion system should alert the surgeon to com-
mon associated injuries, the resuscitation 
needs of the patient, and may direct clinical 
care. The pelvic fracture mechanism is cat-
egorized into anterior posterior compression 
(APC), lateral compression (LC), vertical 
shear (VS), and combined mechanism (CM). 

Within each category,  subtypes indicate the 
severity of injury (Table 10.2 and Fig. 10.3).

The Young and Burgess pelvic fracture classifi-
cation has been found to correlate with the pattern 
of organ injury, resuscitative requirements, and 
mortality [7, 8]. A rise in mortality has been shown 
as the APC grade increases, and the APC- III pat-
tern of injuries has been correlated with the great-
est 24-h fluid resuscitation requirements.

In a series of 210 consecutive patients with 
pelvic fractures, Burgess and colleagues reported 
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that transfusion requirements for patients with 
APC injuries averaged 14.8 units, compared to a 
mean of 3.6 units for patients with LC injuries, 
and 5 units for patients with combined mecha-
nism injuries [7]. The overall mortality rate in 
this series was 8.6 %. A higher mortality rate was 
seen in the APC (20 %) and CM patterns (18 %), 
compared to the LC (7 %) and VS (0 %) patterns. 
Burgess and colleagues noted that exsanguina-
tion from pelvic injuries was rare in the lateral 
compression pattern in which mortality was typi-
cally due to other injuries, most commonly a 
severe closed head injury.

In a study of 343 trauma patients with pelvic 
fractures, investigators found that as the APC 
type increased from I to III there was an increas-
ing percentage of injury to the spleen, liver, and 
bowel [8]. In addition there was an increasing 

incidence of pelvic vascular injury, retroperito-
neal hematoma, shock, sepsis, and acute respira-
tory distress syndrome. Similarly, as the LC type 
increased from I to III the authors found an 
increased incidence of pelvic vascular injury, ret-
roperitoneal hematoma, shock, and 24 h volume 
needs. Organ injury patterns and mortality in 
patients with vertical shear injuries were similar 
to those with high grade APC injuries. Patients 
with combined mechanisms of injury had an 
associated injury pattern similar to the lower 
grades of APC and LC injuries. The pattern of 
injury in the APC-III was correlated with the 
greatest 24 h fluid requirements. The investiga-
tors also reported major differences in the causes 
of death between patients with LC patterns com-
pared to APC patterns. Brain injury was the major 
cause of death in LC injuries, while in APC 

Fig. 10.3 The Young-Burgess classification of pelvic 
fracture. LC lateral compression type pattern, APC antero-
posterior compression type pattern, VS vertical shear type 

pattern. The arrow in each panel indicates the direction of 
force producing the fracture pattern (From Kellam and 
Browner [2]; Fig. 31.12)
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 patterns the most common causes of mortality 
were shock, sepsis, and ARDS related to massive 
torso forces.

10.3  Physical Examination

The orthopedic examination of the pelvis 
should be methodical and complete. An associ-
ated limb deformity (shortening or rotation) 
may be indicative of a pelvic injury with dis-
placement. Hip dislocations should be reduced 
urgently with a complete neurovascular exam 
performed before and after reduction. The skin 
about the entire pelvis should be examined to 
ensure that there are no associated open 
wounds. This includes special attention to the 
perineum and gluteal folds where open frac-
tures frequently occur. A digital rectal exami-
nation is required to detect rectal injury and 
open injuries in this location. In women, a vag-
inal examination should be performed to rule 
out an open injury. Manual palpation of the 
pelvis should be carefully performed and 
repeated examinations should be avoided.

The potential of an associated urethral injury 
should be considered in all pelvic fractures with 
significant anterior ring disruption (APC-II and 
APC-III type patterns). Signs of potential ure-
thral injury include [9] inability to void despite a 
full bladder [10], blood at urethral meatus [11], 
high riding or abnormally mobile prostate [12], 
elevated bladder on intravenous pyelogram 
(IVP). However, the absence of meatal blood or a 
high riding prostate does not rule out urethral 
injury. If there is a high index of suspicion for 
genitourinary injury early contrast studies are 
required. A retrograde urethrogram should be 
obtained to rule out urethral injury prior to inser-
tion of a urinary catheter, since passing a urinary 
catheter in the presence of a urethral injury can 
cause additional iatrogenic injury. Additionally, a 
cystogram with/without CT can be obtained to 
rule out bladder injury. However, one should 
ensure minimal or no contrast dye is remaining in 
the bladder to prevent problems with intraopera-
tive visualization in patients requiring boney 
operative intervention.

10.4  Emergent Treatment/Bony 
Stabilization

It is uncommon for bleeding from a pelvic frac-
ture to be the sole source of blood loss in the 
multi-injured patient. In fact, massive bleeding 
from a pelvic fracture alone is uncommon. 
Nevertheless, pelvic fractures must be considered 
as a potential source of major bleeding in the 
hemodynamically unstable patient, particularly 
when initial attempts to control bleeding from 
other sources fail to stabilize the patient. 
Provisional stabilization of the pelvic fracture 
should occur immediately during the patient’s 
initial evaluation and resuscitation using one of 
the methods described in the following section.

10.4.1  Pelvic Binders

Circumferential pelvic compression can be easily 
achieved in the prehospital setting with some 
form of commercially available pelvic binders, 
providing early and beneficial pelvic stabilization 
during transport and resuscitation. In lieu of a 
commercial binder, a folded sheet wrapped cir-
cumferentially around the pelvis can also be used 
[13] (Fig. 10.4). The use of pelvic binders has 
been shown to reduce transfusion requirements, 
length of hospital stay, and mortality in patients 
with APC injuries [14]. External rotation of the 
legs is commonly seen in displaced pelvic frac-
tures and forces acting through the hip joint may 
contribute to pelvic deformity. Correction of 
lower extremity external rotation can be easily 
achieved by taping the feet and knees together, 
which may improve the pelvic reduction pro-
vided through use of a pelvic binder.

10.4.2  Military Antishock  
Trousers (MAST)

In the 1970s and 1980s, military antishock trou-
sers (MAST) were commonly used to provide 
temporary compression and immobilization of 
the pelvic ring and lower extremity via pneumatic 
pressure. Although still useful for  stabilization 
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of patients with pelvic fractures, MAST has 
largely been replaced by the use of commercially 
available pelvic binders. In the past, the use of 
MAST has been associated with other compli-
cations including lower extremity compartment 
syndrome.

10.4.3  Anterior External Fixation

Several studies have reported a benefit of emer-
gent pelvic external fixation in the resuscitation 
of the hemodynamically unstable patient with an 
unstable pelvic fracture [7, 15]. Several factors 
may contribute to the beneficial effects of external 
fixation in pelvic fractures. Immobilization helps 
limit pelvic displacement during patient move-
ments and transfers, decreasing the  possibility 

of clot disruption. In certain patterns (e.g., APC 
II), reduction of pelvic volume is often achieved 
by application of the external fixator (Fig. 10.5). 
Experimental studies have shown that reduction 
of an APC-II pelvic injury increases the retro-
peritoneal pressure which may help tamponade 
venous bleeding [16]. Finally, the apposition of 
the displaced fracture surfaces can help facilitate 
the hemostatic pathway to control bony bleeding.

10.4.4  C-Clamp

Standard anterior external pelvic fixation does 
little to provide posterior pelvic stabilization. 
This limits the effectiveness of standard anterior 
external fixators in fracture patterns involving 
significant posterior disruption or in cases in 

a b

c d

Fig. 10.4 Application of circumferential pelvic anti-
shock sheeting. (a) A sheet is folded smoothly to a width 
of approximately 2 feet and placed beneath the patient’s 
pelvis. (b, c) The ends of the sheet are crossed in an  

overlapping manner and pulled taut. (d) Clamps are 
placed proximally and distally to secure the sheet in posi-
tion (From Routt et al. [13])
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which the iliac wing is fractured. The posteri-
orly applied pelvic C-clamp was developed to 
address these injury patterns. The C-clamp 
allows prompt application of a compressive 
force posteriorly across the sacroiliac joints 
(Fig. 10.6); however, extreme care must be exer-
cised to avoid iatrogenic injury during its appli-
cation and generally should be done with 
fluoroscopic guidance [17]. Additionally, posi-
tioning of the pin sites can be a bit more chal-
lenging and over reduction of the SI joint or 
reduction of a comminuted sacral fracture can 
lead to an iatrogenic sacral nerve root injury. 
Alternative applications of the C-clamp to the 

trochanteric region of the femur and to the glu-
teus medius pillars have also been described as 
alternative methods of reducing the pelvis in 
specific circumstances. These methods can be 
performed more safely without fluoroscopic 
guidance, but may not be feasible in patients 
with associated acetabular fractures [10].

10.5  Hemorrhage Control

While stabilization of the bony pelvis is the first 
stage in hemorrhage control, additional interven-
tions may also be required in selected patients.

a b

Fig. 10.5 The anterior external fixator can provide good 
pelvic stability and pins can be placed percutaneously. 
Additionally, the length of the bars and exact configura-
tion can be adjusted depending on availability, patient 
body habitus, and surgeon preference. (a) Sawbones  

pelvic model with supra-acetabular pins through the ante-
rior inferior iliac spine. (b) Outlet radiograph of a patient 
with a pelvic ring disruption and supra-acetabular external 
fixator, with pins traversing the superior aspect of the 
femoroacetabular joint

a b

Fig. 10.6 (a) C-clamp can be used to provide posterior 
pelvic stability. The C-clamp pins should be located below 
the superior aspect of S1 to prevent the SI joint from open-
ing inferiorly. (a) Posterior view of a Sawbones pelvic 
model with placement of C-clamp, note the location of the 

greater sciatic notch where the superior gluteal neurovas-
cular bundle exits the pelvis. (b) Anteroposterior radio-
graph of a patient with a right SI joint dislocation after 
application of C-clamp. Of note, patient underwent pelvic 
packing and also sustained a left iliac wing fracture
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10.5.1  Angiography

The overall prevalence of patients with pelvic 
fractures who need embolization is reported to 
be <10 %. In one review of 162 patients with 
high- energy pelvic fractures only 8 % underwent 
angiography. Embolization was more commonly 
performed in APC and VS patterns (performed 
in 20 % of cases), but was infrequent in LC 
 patterns (performed in only 1.7 % of cases) [7]. 
While most pelvic fracture patients do not require 
 angiography, angiographic exploration should be 
considered in patients with continued hypotension 
despite pelvic fracture stabilization and aggres-
sive fluid resuscitation. Eastridge et al. reported 
that 58.7 % of patients with persistent hypotension 
and a severely unstable pelvic fracture, including 
APC II, APC III, LC II, LC III, and VS injury 
 patterns, had active arterial bleeding [18]. Miller 
et al. reported that 67.9 % of patients with pelvic 
injuries and persistent hemodynamic instability 
had active arterial bleeding [19].

Early angiography and arterial embolization 
has been demonstrated to improve patient out-
comes [9, 11]. However, it is important to remem-
ber that angiography and embolization are not 
effective in controlling bleeding from venous 
injuries and bony sites, which represents the 

 predominant source of hemorrhage in high-
energy pelvic fractures. Time spent in the angiog-
raphy suite for hypotensive patients without 
arterial injury may not contribute to survival. In 
addition, the aggressive use of angiography is not 
without consequence and may result in ischemic 
 complications involving the gluteal musculature 
and subsequent wound healing problems [20].

10.5.2  Pelvic Packing

Pelvic packing was developed as a method to 
achieve direct hemostasis by controlling venous 
bleeding resulting from pelvic fractures. Trauma 
surgeons in Europe have long been advocating 
exploratory laparotomy followed by pelvic pack-
ing [21]. This technique is believed to be espe-
cially useful in patients in extremis.

More recently a modified method of pelvic 
packing, referred to as retroperitoneal pack-
ing, has been introduced in North America [22] 
(Fig. 10.7). In this approach, the intraperitoneal 
space is not entered, leaving the peritoneum intact 
to help provide a tamponade effect. Pelvic pack-
ing can be performed quickly with minimal blood 
loss. In one recent series, only 4 of 24 (16.7 %) 
patients failed to stabilize  hemodynamically 

a b

Fig. 10.7 Illustrations demonstrating the retroperitoneal 
packing technique. (a) An 8-cm midline vertical incision is 
made. The bladder is retracted to one side, and three 
unfolded lap sponges are packed into the true pelvis (below 
the pelvic brim) with a forceps. The first is placed posteri-
orly, adjacent to the sacroiliac joint. The second is placed 

anterior to the first sponge at a point corresponding to the 
middle of the pelvic brim. The third sponge is placed in the 
retropubic space just deep and lateral to the bladder. The 
bladder is then retracted to the other side, and the process 
is repeated. (b) General location of the six lap sponges fol-
lowing pelvic packing (Adapted from Smith et al. [22])
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 following pelvic packing and required subse-
quent embolization, and the authors concluded 
that packing can quickly control hemorrhage and 
reduce the need for emergent angiography [23].

10.6  Novel Resuscitative 
Strategies

The development of posttraumatic coagulopathy 
following high-energy pelvic fractures is a com-
mon and challenging complication to manage. In 
addition, hypoperfusion and shock lead to the 
“lethal triad” of acidosis, hypothermia, and coag-
ulopathy further impeding hemostasis [24, 25].

The concept of “permissive hypotension” 
and earlier blood product administration has 
recently been implemented in many institu-
tions. By having a systolic blood pressure goal of 
80–100 mmHg and limiting crystalloid use you 
can, in theory, limit the adverse effects of aggres-
sive fluid resuscitation (i.e., promote continued 
bleeding by increasing the intraluminal pressure 
at the wound, causing dislodgment of blood clots, 
dilution of clotting factors, and worsen hypother-
mia) [3, 4]. However, the optimal blood pressure 
in trauma is yet to be determined.

Many level I trauma centers have imple-
mented massive transfusion protocols with the 
goal of improving blood product availability 
and survival rates. Based mainly on our mili-
tary experience in Iraq and Afghanistan, several 
studies have reported on the improved survival 
rates of major trauma patients receiving a fresh 
frozen plasma (FFP) and/or platelet (PLT) to red 
blood cell (RBC) ratio ≥1:2 [4, 26, 27]. Thus, 
early transfusions with a FFP to RBC ratio of 
≥1:2 and 1 unit of plateletpheresis per 5 RBC is 
now recommended. However, blood product use 
is not without its risk so goal-directed therapy is 
encouraged.

One challenge in the management of posttrau-
matic coagulopathy results from the inadequate 
real-time monitoring of treatment using tradi-
tional laboratory tests (i.e., PT/INR and aPTT). 
Additionally, they only offer a limited assess-
ment of the coagulation cascade. As a result of 
these shortcomings, thromboelastography (TEG) 

use is gaining popularity [12, 28–30]. TEG offers 
several key advantages over traditional labora-
tory test and include: bedside (<5 min) results 
allowing to real-time decisions to be made, it pro-
vides clinically relevant results (i.e., clot time, 
clot strength, and clot lysis rate), and the test is 
run using whole blood allowing for a more com-
plete coagulation cascade evaluation [28, 30]. 
For these reasons, TEG-guided transfusions are 
increasing in popularity.

10.7  Treatment Algorithm

Patients presenting to Denver Health with a high- 
energy pelvic fracture and hemodynamic insta-
bility are initially given 2 L of crystalloid solution 
(Fig. 10.8). A portable chest radiograph, along 
with radiographic views of the pelvic and lateral 
cervical spine, is obtained to rule out a thoracic 
source of blood loss. A central venous pressure 
line is placed, and base deficit is measured.

A FAST examination is performed, and, if 
positive, the patient is taken directly to the oper-
ating room for an exploratory laparotomy.  
A  pelvic external fixator is placed, and pelvic 
packing is performed. If the patient remains 
hemodynamically unstable they undergo pelvic 
angiography prior to transfer to the intensive care 
unit (ICU). If hemodynamic stability is restored, 
the patient is transferred directly to the ICU. In 
the ICU the patient receives further fluid resusci-
tation, is warmed, and attempts are made to nor-
malize the coagulation status. If the patient 
requires ongoing transfusion while in the ICU, 
angiographic assessment, if not previously done, 
should be performed. Recombinant factor VIIa 
should be considered if the patient is recalcitrant 
to all other interventions.

If the FAST is negative, transfusion of PRBC 
is begun in the emergency department. If the 
patient remains hemodynamically unstable fol-
lowing the second unit of PRBC, they are taken 
to the operating room for pelvic external fixation 
and pelvic packing. If the patient remains hemo-
dynamically unstable they undergo pelvic angi-
ography prior to transfer to the intensive care unit 
(ICU). If hemodynamic stability is restored, the 
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patient is transferred directly to the ICU. An 
abdominal computed tomography scan can be 
performed at this point in time. If the patient 
requires ongoing transfusion while in the ICU, 
angiographic assessment, if not previously done, 
should be performed.

The experience at Harborview Medical Center 
has evolved similarly in many respects, espe-
cially with regard to resuscitation and ICU man-
agement. Additionally, the overall concept of 
combining pelvic stability with hemorrhage con-
trol is adhered to. However, the use of pelvic 

packing and external fixation is much less 
 commonly performed. Typically, pelvic stability 
is provided with a circumferentially wrapped 
sheet while the patient undergoes their initial 
abdominal and radiographic evaluations. These 
sheets are left in position for up to 24–48 h if nec-
essary. However, frequent evaluation of the skin 
is necessary to avoid focal pressure and soft tis-
sue necrosis. For patients with identified intraab-
dominal pathology requiring exploratory 
laparotomy, pelvic stability is maintained either 
by retention of the circumferential pelvic sheet, 

Operating room
laparotomy,

pelvic external
fixation and

pelvic packing

Operating room
pelvic external

fixation and
pelvic packing

Hemodynamically stable?

Hemodynamically stable?

Hemodynamically stable?

Angiography

Angiography

Ongoing transfusion
requirements?

Angiography

ICU*

ICU*

ICU*

Positive

FAST exam

Negative

2 units PRBCs in ED trauma bay

Yes

No

No

No

Yes

Yes

Yes

Fig. 10.8 Algorithm for the treatment of patients with 
pelvic fracture who present with hemodynamic instability. 
*Patients in whom a laparotomy was not done usually 
have an abdominal CT scan en route to the intensive care 
unit (ICU). In the ICU, the patient receives further fluid 

resuscitation and is warmed; attempts are made to normal-
ize the coagulation status. Recombinant factor VIIa 
should be considered if the patient is recalcitrant to all 
other interventions. FAST focused abdominal sonography 
for trauma, PRBCs packed red blood cells
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by application of an external fixator, or by 
 primary percutaneous pelvic stabilization of the 
posterior and/or anterior pelvic ring as indicated. 
Individualized care is directed by the fracture 
pattern. For patients who do not respond to a 
combination of pelvic stabilization and treatment 
of any identified intraabdominal sources of bleed-
ing, angiography is typically performed.

Clear and direct communication between 
the general trauma surgeon, orthopedic trauma 
specialist, and other care providers, is essential 
in the management of these severely injured 
patients. Such communication can help care 
providers understand each other’s concerns and 
the critical issues which each provider has iden-
tified. This communication can lead to improve-
ments in the timing and order of the patient’s 
subsequent diagnostic, interventional, and 
definitive management.

10.8  Definitive Treatment

10.8.1  Internal Fixation: Anterior 
Pelvic Ring

Reduction and fixation of a pubic symphysis 
diastasis may be performed using either a  midline 
incision (extending any prior laparotomy inci-
sion), or through a Pfannenstiel incision. A sepa-
rate Pfannenstiel approach is preferred whenever 
possible to allow for extension laterally if needed. 
The midline raphe is identified and dissection 
occurs between the two bellies of rectus abdomi-
nis muscle. The insertion of the rectus is often 
traumatically avulsed from one of the rami. 
Surgical release of the rectus from its insertion 
should be avoided. A Hohman type retractor can 
be placed beneath the rectus abdominis and over 
the anterior of the rami to assist with retraction of 
the rectus and reduction of the hemipelvis. 
Relaxation of retraction from one side often 
allows improved retraction and visualization on 
the opposite side. For “open book” type injuries, 
a Weber tenaculum is commonly placed anteri-
orly at the same level of the pubic body to achieve 
the reduction. Counterforce may need to be 
applied to correct any flexion or extension defor-
mity of one hemipelvis with respect to the other. 

If one hemipelvis is posteriorly displaced an 
anteriorly directed force may be obtained using 
Jungbluth pelvic reduction clamp which is 
applied with screws placed from anterior to pos-
terior in the pubic body.

Several different plate and screw options may 
be used. Commonly a six-hole 3.5-mm curved 
reconstruction plate is used (Fig. 10.9). Other 
options include the use of a two- or four-hole 
plate with large fragment cortical or cancellous 
screws. One advantage of a two-hole plate is it 
permits some mobility, which may be useful in 
staged fixation when additional posterior reduc-
tion is required. However, in a clinical study 
comparing the use of a two-hole plate to a multi- 
hole plate fixation construct, investigators found 
a higher rate of implant failure and a significantly 
higher rate of pelvic malunion in patients treated 
with a two-hole symphyseal plate [31]. Locked 
plate fixation is now available; however, there are 
no clearly defined benefits over nonlocked plat-
ing in the anterior pelvic ring. Double plating has 
also been described to improve stability if poste-
rior internal fixation cannot be performed and the 
patient is to be treated definitively with external 
fixation [32]. This is rarely used, requires a sig-
nificant anterior soft tissue dissection, and has 
largely been replaced with a more aggressive 
approach to fixation of any associated posterior 
ring injuries.

Fig. 10.9 Radiograph following plate fixation of anterior 
pelvic ring and bilateral percutaneous iliosacral screw 
fixation of an APC-III pelvic fracture
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If there is an associated fracture of the pubic 
ramus, a longer plate can be used to span across 
the fracture site. Given the multiple associated 
soft tissue attachments at the pubic ramus that 
provide some local stability, the associated rami 
fractures can sometimes be ignored and the ante-
rior ring is treated with standard symphyseal fixa-
tion alone. Alternatively a retrograde ramus screw 
can be used for internal fixation, but technically is 
somewhat demanding as the available corridor for 
screw placement is quite narrow [33].

Based on the success of the anterior external 
pelvic fixation, a novel anterior pelvic ring fixa-
tion technique that uses the same single supra- 
acetabular pin sites used in traditional external 
fixation has been developed. This technique uses 
bilateral single supra-acetabular pedicle screws 
attached to a subcutaneous connecting rod at the 
bikini line level [34]. This, in theory, offers the 
advantages of an anterior external fixator without 
the risk of pin site infections while improving 
patient comfort. However as with any new tech-
nique complications exist, most common is irrita-
tion of the lateral femoral cutaneous nerve but 
more severe complications have occurred, such 
as placing the rod too tight on the abdomen or 
loss of reduction necessitating reoperation [35]. 
Additionally, this technique can only be used in a 
semi-elective basis and not in hemodynamically 
unstable patients.

10.8.2  Internal Fixation: Posterior 
Pelvic Ring

Injury to the posterior pelvic ring can occur 
through a dislocation of the sacroiliac joint or 
through a fracture of the sacrum. These injuries 
can be addressed through either closed reduction 
or open reduction and subsequent internal fixa-
tion with cannulated or noncannulated screws.

It is important to obtain an anatomical reduc-
tion of the SI joint as long-term pain is associated 
with malreduction. The patient can be positioned 
either supine or prone, depending on the overall 
surgical plan and the comfort of the surgeon.  
A closed reduction can be attempted using a 
combination of limb traction, a fracture table, or 

direct manipulation using an external fixator. If 
an accurate reduction is obtained, percutaneous 
stabilization of the SI joint with large screws can 
be performed. When open reduction is required, 
either a posterior or anterior approach may be 
used. The posterior approach has been associated 
with a higher rate of wound healing complica-
tions, while the anterior approach has a higher 
risk of L5 nerve root injury since it runs less than 
2 cm medial to the SI joint. However, with care-
ful dissection and strategic posterior incision 
placement, the soft tissue complications associ-
ated with open approaches to the posterior pelvis 
can be significantly reduced. A combination of 
direct visualization, palpation of the SI joint, and 
radiographic evaluation are used to judge the 
reduction through either approach. Cannulated or 
noncannulated iliosacral screws can be used fol-
lowing either approach (Fig. 10.9). Another 
option is following the anterior approach: plate 
fixation can be used but this is not as strong as 
iliosacral screws.

Crescent fractures involve a fracture in which 
a portion of the ilium remains attached to the 
sacrum. If the intact portion of the ilium is large, 
the fracture can be reduced through an open pos-
terior approach and fixed with interfragmentary 
lag screws. Occasionally, if the fracture is quite 
anterior, an iliac approach may be used. In 
instances where the fragment is small or the pos-
terior ligaments are injured, then stabilization 
with iliosacral screws is typically performed.

Posterior transiliac plate fixation may be 
selected for cases in which there is no available 
corridor for safe placement of SI screws. Usually a 
4.5-mm reconstruction plate is used and tunneled 
subcutaneously securing fixation to both posterior 
iliac spines. Postoperative wound complications 
remain a concern, especially in the presence of a 
closed internal degloving injury [36].

Alternatively, a trans-sacral bolt/bar can be 
used to obtain fixation. This technique offers the 
advantage of having a bar placed posterior to the 
sacrum transfixing both iliac bones in the most 
posterior aspect just proximal to the posterior 
superior iliac spine, resulting in the vertical stress 
being shared through the entire length of the con-
struct [37, 38] (Fig. 10.10). In addition, compression 
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can be obtained through the use of nuts and 
washer on both ends of the rod, and it can be per-
formed through a minimally invasive approach.

Displaced or unstable fractures of the iliac 
wing may require fixation through the iliac por-
tion of an ilioinguinal approach. Fixation of the 
iliac wing can be difficult as the available bone 
for screw fixations is limited. The iliac wing is 
very narrow except along crest and as it widens 
near the acetabulum. Fixation can be accom-
plished either with plates (on the inner or outer 
aspect of the ilium), screws (placed between the 
inner and outer tables of the ilium) or combina-
tions thereof.
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Urological Injuries 
in Polytraumatized Patients

David Pfister and Axel Heidenreich

11.1  Introduction

In patients with multiple traumas, urological 
components are regularly involved approxi-
mately in 10 % of the cases [1]. Genitourinary 
injuries can result in significant morbidity and 
mortality [1–3]. In general, one has to distinguish 
between blunt and penetrating injuries to the uro-
genital organs necessitating an individualized 
therapeutic approach. According to the exposi-
tion of the different organs, the incidence lowers 
from cranial to caudal with the kidney being the 
most common injured organ with 1–5 % of 
trauma cases. In most cases uretral injuries are 
iatrogenic, whereas about 18 % result in blunt 
and 7 % in penetrating trauma.

11.2  Renal Trauma

Renal trauma occurs in about 1–5 % of all trau-
mas with blunt trauma accounting for the most 
common mechanisms of renal injury in about 
90 % of the cases [1–7]. While penetrating inju-
ries are less frequent, they tend to be more severe. 
These result in a higher rate of nephrectomies 
and are associated with a higher rate of associ-
ated organ injuries [8]. Possible indicators for 
renal trauma are falls, blunt trauma to the flank 
region, or high speed motor-vehicle accidents [1, 
5, 6]. The Committee on the Organ Injury Scaling 
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of the American Association for Surgery of 
Trauma (AAST) classified renal injuries as 
shown in Table 11.1.

11.2.1  Clinical Symptoms

Gross hematuria might be present but it does not 
correlate with the degree of injury since major 
injuries such as renal pedicle lacerations or dis-
ruption of the ureteropelvic junction may occur 
without hematuria. Blood transfusion require-
ments are an indirect indication of the rate of 
blood loss.

11.2.2  Imaging Studies

Patients with blunt renal, microscopic hematuria, 
stable vital signs in the absence of deceleration 
trauma usually do not have to undergo any spe-
cific imaging studies [1, 4, 9].

Patients with gross hematuria, penetrating 
injuries with suspected renal involvement, and 
instable vital signs must undergo immediate 
imaging studies (Fig. 11.1) [1, 5]. CT imaging 
represents the gold standard for radiographic 
assessment in suspected renal injury because (1) 
it defines the location and the extent of injuries, 
(2) detects contusions and devitalized segments, 
(3) allows for visualization of the entire retroperi-
toneum, (4) allows for assessment of the renal 
pedicle, and (5) detects urinary extravasations [1, 
5, 9, 10]. Spiral CT scans are advantageous due 
to shorter scanning times, but do not allow the 

identification of injuries to the renal collecting 
system, thereby necessitating the use of delayed 
CT scans. Angiography is important only for 
superselective embolization in the management 
of persisting or delayed hemorrhage.

11.2.3  Treatment

In general, there are several guidelines on treat-
ing renal trauma. The management of renal 
trauma was described in detail by the European 
Association of Urology [11].

A summary of the various therapeutic 
approaches is presented in Fig. 11.1. Life- 
threatening hemodynamic instability or an 
expanding or pulsatile retroperitoneal hematoma 
during explorative laparotomy usually represents 
AAST grade 5 injury and requires immediate 
surgery [1, 3]. A transperitoneal approach with 
early occlusion of the pedicle prior to opening 
of Gerota’s fascia is strongly recommended. In 
patients with avulsion of the renal pedicle close 
to the aorta or the inferior vena cava, it might be 
necessary to clamp the major vessels just above 
and below the renal pedicle to control bleeding 
and to explore the retroperitoneum. In patients 
with significant injuries to the vascular pedicle, 
nephrectomy is the treatment of choice, unless 
the kidney can be preserved in cases of solitary 
organ or bilateral injuries. In patients with bleed-
ing from the renal parenchyma due to penetrating 
injuries, embolization is advised [4, 6, 11, 12].

Persistent bleeding, injuries to the renal collect-
ing system, the renal pelvis, or the ureter with uri-
nary extravasation are relative indications for 
surgery [1]. Urinary extravasation may be treated 
by endoluminal stenting and/or placement of a per-
cutaneous nephrostomy. However, surgical recon-
struction is advised in the presence of devitalized 
fragments and associated enteric and pancreatic 
injuries [13]. Aggressive surgical management for 
renal lacerations is associated with a 23 % morbid-
ity rate whereas initial nonoperative treatment 
resulted in an 85 % morbidity rate.

Hemodynamically stable patients with 
AAST grade 1 and 2 injuries can be managed 
 nonoperatively with supportive care, bed rest, 
hydration, and prophylactic antibiotics [4–6].

Table 11.1 AAST organ injury severity scale for the 
kidney

1 Contusion or nonexpanding subcapsular hematoma. 
No laceration

2 Nonexpanding perirenal hematoma, cortical 
laceration < 1 cm deep w/o extravasation

3 Cortical laceration > 1 cm w/o urinary extravasation
4 Laceration: through corticomedullary junction into 

collecting system or
Vascular: segmental renal artery or vein injury with 
contained hematoma

5 Laceration: shuttered kidney or
Vascular: renal pedicle injury or avulsion
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Stable patients with renal gunshot injuries or 
stab wounds must be explored if the renal hilum 
and the collecting system are involved or if per-
sistent bleeding exists.

In patients with significant renal injuries, postop-
erative observation is extremely important because 
a variety of delayed complications may occur 
within the first 30 days of injury. This includes but is 
not limited to hemorrhage, urinary fistula, arteriove-
nous fistula, and pseudoaneurysms [2, 14]. Patients 
must undergo imaging studies if they develop clini-
cal symptoms such as fever, increasing flank pain, 
persistent bleeding, and arterial hypertension. As 

for the primary diagnosis, CT scan of the abdomen 
is the preferred imaging modality.

11.3  Ureteral Trauma

Trauma to the ureter is rare and it accounts for 
only about 1 % of all genitourinary injuries. Most 
commonly, ureteral lesions result from iatrogenic 
injuries (75 %), and only 7 and 18 % result from 
blunt and penetrating trauma, respectively. The 
majority of iatrogenic injuries occur after gyneco-
logic interventions (70–75 %), while about 

Blunt renal trauma in adults

Hemodynamic stability?

UnstableStable

Gross hematuria Microhaematuria

Renal Imaging:
Computed tomography

Rapid deceleration injury
associated major injuries

Yes

Observation

No

Grade I–II injury

Grade III –IV injury

Grade V injury
Nonoperative management
Bed rest, serial hematocrit
Hydration, antbiotics 

Enteric, pancreatic
injuries requiring
explorative laparotomy

Very fast spiral CT
emergency laparotomy
(one-shot IVP)

Retroperitoneal 
hematoma

Expanding or
pulsatile

Stable
IVP

Abnormal Normal

Observation

RENAL EXPLORATION Endoluminal stent
Percutaneous nephrostomy
antibiotics

Fig. 11.1 Diagnostic and therapeutic algorithm for suspected blunt renal trauma in adults
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15–20 % result after general surgery and about 
10–15 % occur following urologic procedures.

As with all other genitourinary organs, the 
AAST has classified ureteral injuries according 
to their severity as indicated in Table 11.2.

11.3.1  Clinical Symptoms

There are no specific clinical symptoms; unspe-
cific symptoms such as meteorism, abdominal 
distension, and flank pain are caused by retro-
peritoneal urinoma. Ureteral injury should always 
be suspected in patients with penetrating abdomi-
nal or retroperitoneal injuries, and in patients 
with blunt deceleration traumas.

11.3.2  Imaging

The most common imaging modality is an intrave-
nous pyelography. It is performed in nearly two-
thirds of the patients with suspected ureteral injuries. 
Typically, IVP demonstrates retroperitoneal extrav-
asation of contrast material. In about 30–50 %, addi-
tional retrograde ureteropyelography is performed to 
verify the location and the extent of the ureteral 
injury. Small lesions may be managed by the place-
ment of an endoluminal DJ-catheter. In very rare 
cases, the suspicion of a ureteral injury is based on 
ultrasound findings of a retroperitoneal fluid collec-
tion (urinoma) or a hydronephrosis (Fig. 11.2).

11.3.3  Management

In patients with partial tears of the ureter, the 
most common, simple, and effective measure is 
placement of a ureteral stent and/or a percutane-
ous nephrostomy tube.

If iatrogenic ureteral injuries are detected 
intraoperatively, an endoluminal DJ stent should 
be placed with the ureteral laceration being 
closed by interrupted sutures with a monofil 
suture. Postoperatively, no drain or suction 
should be placed in order to prevent the develop-
ment of a urinary fistula.

Reconstruction of grade 3–5 injuries depends 
on the anatomic localization of the injury. 
Usually, grade 3 and 5 injuries can be treated by 
an end-to-end anastomosis. The anastomosis is 
reconstructed with absorbable sutures after place-
ment of a ureteral catheter, which can stay in 
place for about 3–4 weeks. Other surgical options 
are listed in Table 11.3.

11.4  Bladder Trauma

Bladder injuries are one of the most frequent uro-
logical injuries in trauma patients. Among abdom-
inal injuries requiring surgical repair, about 2 % 
involve the bladder [1, 15, 16]. Blunt trauma 
accounts for about 65–85 % of bladder ruptures 
whereas penetrating trauma accounts for only 
about 14–33 % of all bladder injuries. Bladder 
ruptures in the setting of blunt traumas are classi-
fied as extra- or intraperitoneal, triggering the 
choice between a conservative approach and a 
surgical correction. Most commonly, extraperito-
neal bladder ruptures occur in about 55 % of the 
cases, followed by intraperitoneal bladder rup-
tures in 38 %. Combined injuries are rare (5–8 % 
of cases). Motor vehicle accidents contribute sig-
nificantly to bladder rupture by blunt trauma. 
Seventy to ninety-seven percent of patients with 
bladder trauma have accompanied pelvic frac-
tures, whereas only 5–30 % of the pelvic fractures 
are associated with bladder injuries [15–20].

The Committee on the Organ Injury Scaling 
of the American Association for Surgery of 
Trauma (AAST) classified bladder injuries as 
shown in Table 11.4.

11.4.1  Clinical Symptoms

The two most common signs and symptoms for 
bladder injuries are gross hematuria (80–100 %) 

Table 11.2 Classification of ureteral injury

Grade Description of injury

I Hematoma only
II Laceration < 50 % of circumference
III Laceration > 50 % of circumference
IV Complete tear < 2 cm of devascularization
V Complete tear > 2 cm of devascularization
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and abdominal tenderness (60–70 %) [15]. Other 
findings may include the inability to void (rule 
out: intrapelvic urethral rupture!), bruises over 
the suprapubic region, and abdominal distension. 
Depending on the type and extent of associated 
injuries to the pelvic floor, extravasation of urine 

Fig. 11.2 Left ureteral injury with urinoma and hematoma in the small pelvis

Table 11.3 Surgical options to reconstruct ureteral inju-
ries depending on the anatomic level of injury

Level of urethral 
injury Options of reconstruction

Upper third Transuretero-ureterostomy
Ureterocalycostomy
Ileal replacement of the ureter
Percutaneous pyelovesical bypass 
prosthesis
Renal autotransplantation

Middle third Transuretero-ureterostomy
Boari flap and intravesical 
reimplantation
Ileal replacement of the ureter

Lower third Direct intravesical reimplantation
Psoas hitch reimplantation

Complete 
ureteral loss

Ileal replacement (delayed)a

Renal autotransplantation (delayed)a

Percutaneous pyelovesical bypass 
(delayed)a

aFor urinary drainage, a percutaneous nephrostomy tube 
should be placed together with occlusion of the ureter by 
sutures, clips, or occluding catheters

Table 11.4 AAST organ injury severity scale for the 
bladder

I Hematoma Contusion, intramural hematoma
I Laceration Partial thickness
II Laceration Extraperitoneal bladder wall 

laceration < 2 cm
III Laceration Extraperitoneal (>2 cm) or 

intraperitoneal (<2 cm) bladder 
wall laceration

IV Laceration Intraperitoneal bladder wall 
laceration > 2 cm

V Laceration Intraperitoneal or extraperitoneal 
bladder wall laceration extending 
into the bladder neck or ureteral 
orifices
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may result in swelling of the perineum, scrotum, 
thighs, and the anterior abdominal wall.

11.4.2  Imaging

The classic combination of pelvic fracture and 
gross hematuria requires immediate cystoure-
thrography to rule out urethral and/or bladder rup-
tures [15, 17, 21, 22]. All patients with pelvic ring 
fractures and gross hematuria should undergo 
immediate cystography (Figs. 11.3 and 11.4). 
Since microscopic hematuria is a relative indica-
tor for significant injury, recommendations for the 
most appropriate imaging studies are sparse in the 
literature and in the existing guidelines. Imaging 
of the bladder may be reserved for those with 
anterior rami fractures (straddle fractures) or 
Malgaigne type severe ring disruption (Tile III).

Retrograde cystography in the evaluation of 
bladder trauma represents the imaging procedure 
of choice [15, 17, 19–21]. With an adequate 
 filling and postvoid images taken, cystography 
has an accuracy of 85–100 % in the identification 
of bladder ruptures. For the highest degree of 
diagnostic accuracy, the bladder should be filled 
with at least 350 cc. Bladder rupture may be iden-
tified only on the postdrainage film in only about 
10 % of patients. Thus, images must always have 
to include x-rays upon maximal distension and a 
completely emptied bladder (Fig. 11.5).

Blood at the urethral meatus may be a sign for 
significant urethral injury. Retrograde urethrogra-
phy should be performed prior to catheterization 
of the bladder to exclude associated urethral lesion, 
which can occur in 10–30 % of the cases [1, 17].

Other imaging studies such as ultrasonography, 
intravenous pyelography, standard CT scans, or 
magnetic resonance imaging are inadequate for the 
evaluation of the bladder and the urethra after 
trauma [1, 15, 17]. As CT scan is performed in 
most patients who present with multiple trauma, 
CT cystography is an excellent substitute for stan-
dard cystography. The bladder should be filled with 
at least 350 cc of dilute (2 %) contrast dye [22].

11.4.3  Treatment

The therapeutic approach to treat any bladder 
rupture depends on the type of injury, the coexist-
ing injuries, and the condition of the patient 
(Figs. 11.6 and 11.7)

Most patients with extraperitoneal bladder 
ruptures may be treated nonoperatively by drain-
age even in the presence of large extravasations 
[1, 19, 20, 23]. More than two-thirds of the rup-
tures resolve within 2 days and almost all within 
3 weeks. From the day of catheterization until 3 
days after removal of the catheter, antibiotic pro-
phylaxis is recommended.

If a laparotomy is performed for any other rea-
son, extraperitoneal bladder ruptures should be 
closed by a single layer running suture of 2-0 or 
3-0; the bladder is usually drained by a 20 F 
transurethral catheter before a cystography is 
performed postoperatively on day 5. Following 
internal fixation of the pelvic fracture, a direct 
repair of the extraperitoneal rupture is advised. 
Concomitant rectal and/or vaginal injuries, open 
pelvic fractures, the presence of bone fragments 
in the bladder wall, and entrapment of the bladder 
wall between bone fragments necessitate imme-
diate surgical repair even in extraperitoneal blad-
der rupture [1, 15, 16]. Involvement of the bladder 
neck or the ureteral orifices also requires immedi-
ate surgical repair. Bladder neck reconstruction, 
transurethral placement of an endoluminal cath-
eter, or even ureteral reimplantation (Psoas- Hitch 

Fig. 11.3 Deceleration trauma after a jump from the 
third floor
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technique) may be required in cases of severe 
ureteral orifice damage.

In contrast to an extraperitoneal bladder rup-
tures, all penetrating and intraperitoneal injuries 
should undergo immediate surgical repair [1, 15, 
16]. In most cases, intraperitoneal bladder perfo-
rations are accompanied by other intra- abdominal 
injuries. Peritonitis might develop because of the 
urinary leakage. In this scenario, an overlooked 

bladder perforation may be mimicked by a sig-
nificant rise in serum creatinine levels due to 
peritoneal reabsorbtion. Antibiotic prophylaxis is 
administered for 3 days. Standard cystography is 
feasible on postoperative day 7–10 [17]. A supra-
pubic catheter is superior to a transurethral cath-
eter for urinary drainage. In case of concomitant 
rectal or vaginal injuries, the ruptured organs are 
closed separately in a two-layer technique and a 

Fig. 11.4 Rupture of the symphysis following a motorcycle accident: hematoma of the small pelvis, cranial dislocation 
of the bladder due to intrapelvic rupture of the urethra
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peritoneal flap of a vascularized omentum flap is 
interposed between bladder, vagina, or rectum.

11.5  Urethral Trauma

Urethral injuries occur most commonly in asso-
ciation with pelvic fractures [1, 24, 25]. Unstable 
diametric pelvic fractures and bilateral  ischiopubic 

rami fractures carry the highest risk of injury to 
the posterior urethra. In particular, the combina-
tion of straddle injuries with diastasis of the sac-
roiliac joint poses a risk about seven times higher 
for urethral injuries. The bulbomembranous 
junction is more vulnerable, as the posterior ure-
thra is fixed at the urogenital diaphragm as well 
as the puboprostatic ligaments. In children, these 
are more frequently localized proximally and 

Suspected urethral injury

Retrograde urethrography

Extravasation No extravasation

Urethral contusion

Suprapubic catheter or
transurethral catheter

Complete disruption Partial disruption

Primary surgical repair
• Anastomotic repair in anterior and bulbar urethra
• Realignement in bulbar urethra

PosteriorBluntPenetrating Anterior

Primary surgical repair if
associated with penile rupture
Suprapubic catheter in other cases

Posterior

Acute surgical indications
• Bladder neck involvement
• Rectal injuries
• Laparotomy for other reasons

Yes No

Open realignement via
transurethral and suprapubic
catheter 

Suprapubic catheter
delayed realignement or
urethroplasty once the patient is
stable and can be positioned in
lithotomy position

Fig. 11.5 Intraperitoneal bladder perforation with hematoma in the small pelvis after gun shot
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interfere with the bladder neck, as the prostate 
still is rudimentary. In rare cases, a urethral dis-
ruption is diagnosed by the existence of the triad 
of blood at the external urethral meatus, inability 
to void, and palpable full bladder. It is usually 
detected by false catheterization or by the inabil-
ity to place a transurethral catheter in the emer-
gency department. Additional symptoms may 
include perineal hematoma and inability to pal-
pate the prostate. In cases of a large pelvic hema-
toma, the symptom of an impalpable prostate 
may be misdiagnosed, as the contour of the 

 prostate is smudged. In females with urethral 
injuries, vulvar edema and blood at the vaginal 
entrance are among the signs of urethral 
disorders.

The Committee on Organ Injury Scaling of 
the American Association for the Surgery of 
Trauma (AAST) has developed a reliable 
urethral- injury scaling system (Table 11.5).

No treatment is required for type I and II inju-
ries [1, 24–32]. Usually, types II and III can be 
managed nonoperatively. A transurethral and a 
suprapubic catheter are placed. Types IV and V 

Blunt bladder trauma in adults

Gross hematuriaBlood at meatus Acute urinary retention
Painful micturition

Suspicion of urethral injury

Retrograde urethrography

See management
of urethral injury 

Yes No

Cystography

No extravasation Extraperitoneal
extravasation

Intraperitoneal
extravasation

Assessment for
• Intravesical bone fragments
• Entrapment of bladder wall by bone 
  structure
• associated rectal/vaginal injuries 

Yes No

Observation

20F transurethral catheter
bladder irrigation until clear urine

20F transurethral catheter
repeat cystography on day 5

Laparotomy
Two-layer bladder closure
20F transurethral catheter
repeat cystography on day 5–7

Fig. 11.6 Diagnostic and therapeutic algorithm for suspected blunt bladder trauma in adults
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will require either endoscopic realignment or 
delayed urethroplasty.

Penetrating injuries to the anterior urethra 
most commonly derive from gunshots and involve 
the pendulous and bulbar urethral segments.

11.5.1  Clinical Symptoms

Blood at the meatus is present in about 40–95 % of 
patients with posterior urethral injuries and in about 
75 % of patients with anterior urethral trauma. Its 

presence should preclude any attempts of urethral 
manipulation until the entire urethra is adequately 
imaged. Partial urethral disruption can be very eas-
ily transformed into complete urethral disruption 
due to several attempts of forced transurethral cath-
eterization. In unstable patients, one attempt of 
transurethral catheterization is justified; if there is 
any difficulty, a suprapubic tube should be inserted 
instead. If a urethral injury is suspected, a retrograde 
urethrogram should be performed.

Gross or microscopic hematuria is a nonspe-
cific clinical sign and the amount of bleeding does 
not correlate with the extent of injury [1, 25]. Pain 
during urination or acute urinary retention sug-
gests urethral intrapelvic disruption or temporary 
spasm of the internal bladder sphincter. Any of the 
above-mentioned symptoms necessitates immedi-
ate radiographic evaluation [31], precludes trans-
urethral manipulation, and prompts placement of a 
suprapubic catheter for urinary drainage.

Blood at the external urethral meatus is pres-
ent in more than 80 % of female patients with 
pelvic fractures and urethral injuries.

11.5.2  Radiographic Examination

When a urethral injury is suspected, immediate 
retrograde urethrography should be performed 

a b

Fig. 11.7 Intraperitoneal bladder rupture after blunt trauma (b) with intraoperative situs (a)

Table 11.5 AAST organ injury severity scale for the 
urethra

I Contusion Blood at the urethral meatus, 
normal urethrogram

II Stretch injury Elongation of the urethra w/o 
extravasation on urethrography

III Partial 
disruption

Extravasation of contrast at injury 
site with contrast visualized in 
the bladder

IV Complete 
disruption

Extravasation of contrast at injury 
site without visualization in the 
bladder; <2 cm urethral 
separation

V Complete 
disruption

Complete transsection with 
>2 cm urethral separation, or 
extension into the prostate or 
vagina
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(Fig.11.8) [1, 25, 31]. In females, direct urethros-
copy can be performed. In cases of subsequent 
urethral strictures, a combined urethrography and 
cystography can be performed to delineate the 
pelvic anatomy. Also, magnetic resonance 
tomography or antegrade cystourethroscopy via 
the suprapubic tract can be performed to visual-
ize the anatomy of the urethra.

11.5.3  Treatment

Treatment differs with regard to the involvement 
of the anterior vs. posterior urethra and differs 
between male and females.

11.5.3.1  Treatment for Urethral 
Injuries in Males

Type I and II injuries of the anterior urethra can 
be easily managed by the placement of a trans-
urethral catheter [1]. Type III injuries of the ante-
rior urethra can be managed by the placement of 
a suprapubic catheter or a transurethral catheter 
with the advantage of the suprapubic tube avoiding 

urethral manipulation and diverting urine from 
the place of injury [24, 25]. In more than 50 % of 
the cases, spontaneous recanalization occurs; in 
all other cases, strictures can be managed by 
internal urethrotomy. Alternatively, delayed ure-
thral reconstructive surgery may be performed 
with anastomotic urethroplasty or buccal mucosa 
grafts in strictures <1 cm or longer than 1 cm.

Type IV injuries can be repaired by an end-to- 
end anastomosis whereas type V injuries should 
be reconstructed by flap urethroplasty of by buc-
cal mucosa grafts.

In females, most anterior urethral injuries can 
be sutured primarily from a transvaginal approach 
[24, 25]. Proximal urethral injuries are best 
approached transvesically with an optimal view 
of the bladder neck, the ureteral orifices, and the 
proximal urethra.

A treatment algorithm for the management of 
anterior and posterior male urethral injuries is 
present in Fig. 11.8.

Partial tears or short disruptions of the poste-
rior urethra can be managed in most cases with a 
suprapubic catheter or a transurethral catheter for 
about 2 weeks. The majority of injuries heal and 
the risk of urethral strictures is low.

The management for complete disruption of 
the posterior urethra is variable [26–32]:

• Immediate open repair in case of any associ-
ated injury to the rectum double-layer closure 
of urethral and rectal lesion and interposition 
of a flap from the greater omentum.

• Primary endoscopic realignment by antegrade 
(using the canal of the suprapubic catheter) or 
retrograde approach.

• Primary open realignment with evacuation of 
the pelvic hematoma is not recommended; it is 
associated with frequent postoperative incon-
tinence and impotence.

The most common result of posterior urethral 
disruption is the development of a short prostato-
bulbar urethral gap filled with dense fibrotic tis-
sue. Delayed surgical repair of a posterior urethral 
disrupture should be performed after 3 months. 
Surgery requires proper positioning of the patient 
in the lithotomy position. Preoperatively, a retrograde 

Fig. 11.8 Diagnostic and therapeutic algorithm for sus-
pected blunt urethral injury in male adults
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urethrogram and a simultaneous cystogram 
should be performed to determine the length of 
the stricture or fibrotic discontinuation of the ure-
thra. If involvement of the bladder neck is sus-
pected, a flexible or rigid urethroscopy is helpful 
for examining anatomy. In patients who did not 
undergo primary realignment, the urethral dislo-
cation as well as the length of the defect can be 
accurately described by MRI. In selected patients 
with short urethral strictures after realignment of 
the urethra an endoscopic strategy may follow. In 
case of complete urethral obstructions, some 
have favored endoscopic interventions. However, 
there is a high risk of undermining the urethra 
and bladder neck and the restructure rate is 80 %. 
Furthermore, the endoscopic procedure often 
requires several interventions and long-term 
repetitive dilatations with recurrent strictures and 
obliterations.

Usually, long posterior urethral strictures are 
best managed by an open surgical repair via a 
perineal approach. The urethra is accessed by a 
midline or lambda incision. The urethra is then 
mobilized starting from the beginning of the 
fibrotic defect to the midscrotum allowing a ten-
sion free anastomosis. The scar tissue as well as 
the fibrotic tissue of the proximal urethra must be 
excised completely to prevent restrictures. For 
long strictures, a flap urethroplasty of buccal 
mucosa grafts is used. Adjunctive maneuvers are 
infrequently needed. In rare cases, pubectomy 
can be helpful for cases with extended fibrosis, 
failed former urethroplasty, or accompanied 
bladder neck involvement.

Erectile dysfunction is a complication of ure-
thral distraction injuries described in 30–60 % of 
the patients with pelvic fracture [32]. It is ques-
tionable as to whether posttraumatic impotence is 
a result of the injury itself or because of the surgi-
cal management. The frequency of posttreatment 
erectile dysfunction remains the same, indepen-
dent of initial therapy (early realignment, open 
surgery, or no treatment). The overall rate of 
incontinence, anejaculation, and areflexic blad-
der is low (2-4 %). Another problem is recurrent 
urethral strictures, which arise in 15–23 % of 
patients. Minimally invasive treatment by endo-
scopic incision of the stricture is often sufficient.

11.5.3.2  Treatment of Urethral Injuries 
in Females

Vaginal inspection should be performed in every 
single female patient to assess the extent and 
localization of the urethral injury and the pres-
ence, localization, and extent of potentially asso-
ciated vaginal injuries. Vaginal injuries are 
further evaluated with an abdominal CT scan to 
screen for associated intrapelvic or intra- 
abdominal injuries.

In complete urethral ruptures, immediate sur-
gical repair is recommended to avoid urethrovag-
inal fistulas and complete urethral obliteration. A 
complete obliteration with an embedded urethra 
in scar tissue results in a significantly more com-
plicated surgery with an increased frequency of 
severe complications. Injuries of the distal ure-
thra can be easily repaired via a transvaginal 
approach. Injuries of the proximal urethra or the 
bladder neck are best reconstructed via a retropu-
bic approach. Only in unstable patients should a 
suprapubic catheter be used and delayed primary 
reconstruction is justified.
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Fracture Management

Roman Pfeifer and Hans-Christoph Pape

12.1  Introduction

In the multiply injured patient, thorough diag-
nosis of all fractures is essential to allow for 
strategic planning of stabilization. Likewise, 
the assessment of soft tissue injuries is crucial 
to avoid infectious complications. Most of the 
fractures in multiply injured patients are ame-
nable to early definitive fixation. Over the years, 
many authors have argued if an early total care 
or damage control approach is advantageous. 
We have developed a concept of safe defini-
tive surgery (SDS) that allows to combine both 
approaches, depending on the physiologic con-
dition of the patient.
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12.2  Assessment of the Fracture

12.2.1  Open Fractures

The standard classification system for open frac-
tures was described by Gustilo [1]. It is a descriptive 
classification describing a spectrum of soft tissue 
injury. The classification is associated with the risk 
of infection, nonunion, and can help guide fracture 
management. Type I injuries are lower-energy inju-
ries with a skin defect of 1 cm or less in length. Type 
II injuries have a large skin defect ranging from 1 to 
10 cm. Type III injuries are involved with higher 
energy and more injury to the soft tissues. In type 
IIIa injuries, primary soft tissue coverage can be 
obtained without a flap in contrast to type IIIb inju-
ries associated with severe soft tissue trauma requir-
ing rotational flap or free tissue transfers to obtain 
soft tissue coverage. Type IIIc open fractures are 
associated with vascular injuries (see the Chap. 19).

Initial care of open fractures consists of thorough 
irrigation, debridement, and assessment of the soft 
tissue damage, followed by fracture stabilization. 
Exposed bone requires soft tissue coverage which 
should be performed as soon as possible.

The extent of vascular and nerve damage and 
the general patient condition are important. In 
severe soft tissue trauma, the extent of the injury 
and devitalized tissue may not be completely evi-
dent at the time of initial debridement and 
planned reevaluation is often required.

Amputation versus limb salvage reconstruc-
tion of upper and lower extremity fractures asso-
ciated with severe open injuries remains a 
question [2]. Time-consuming reconstructive sur-
gery in severely injured patients may increase 
morbidity and mortality. In cases of pending 
amputation, the MESS score (Mangled Extremity 
Severity Score) can be of some help, which pro-
vides an objective evaluation [3].

Open fractures with limited soft tissue injury 
should be stabilized definitively at the time of ini-
tial debridement. After the initial debridement, 
the fracture is stabilized with the most suitable 
implant and method of fixation.

Open fractures caused by high-energy trauma 
are usually associated with severe soft tissue 
damage and commonly combined with extensive 

bone loss or destruction. This injury requires a 
graded concept of care. Usually, a temporal fixa-
tion strategy is used, if soft tissue coverage of the 
hardware cannot be achieved. Placement of the 
external fixator should be considered the defini-
tive stabilization until closure of the wound. The 
personality of each fracture requires individual 
treatment. In multiply injured patients, the over-
all injury severity has to be considered as well as 
the extent of shock and any initial blood loss.

During initial debridement, all soft tissues should 
be assessed. If necrotic tissue is left in place, further 
contamination, bacterial growth, and infection is 
likely to occur. Sufficient surgical exposure of the 
injury is essential for adequate assessment.

Special situations include the following:

 1. Local soft tissue injury versus degloving
A degloving injury has to be ruled out or 

diagnosed properly. The assessment includes 
the degree of soft tissue laceration and perios-
teal stripping. Thereby, assessment of osseous 
vascularity is helpful to decide whether frag-
ments should be maintained or removed.

 2. Treatment of Morel-Lavallée lesions (subcu-
taneous degloving)

Morel-Lavallé lesions are defined as large 
subcutaneous tissue degloving injuries 
induced by shearing forces. This mechanism 
causes a large underlying hematoma. In con-
trast to other soft tissue injuries, Morel- 
Lavallé lesions should not be debrided 
aggressively. Small incisions allow complete 
evacuation of the hematoma. The cutaneous 
skin flap is decompressed and has a better 
chance to survive.

 3. Consultation of the plastic surgeon
Exposed bone and tendons in an area with 

limited soft tissue coverage often require early 
treatment with soft tissue flaps. If severe mus-
cle injury or nerve damage is present, muscle 
or tendon transfer procedures can be per-
formed in a timely fashion to avoid severe dis-
abilities secondary to loss of motion.
In multiply injured patients, there is a higher 

risk of increasing soft tissue necrosis due to 
impaired soft tissue perfusion (in posttraumatic 
edema and increased capillary permeability 
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caused by massive volume resuscitation). 
Therefore, multiple planned operative revisions 
have to be scheduled. These “second look” 
 surgeries allow for recurrent assessment of the 
soft tissues and any additional muscle or skin 
necrosis. This strategy enables the surgeon to do 
a timely repeat debridement if required (e.g., 
with high-pressure irrigation). These operative 
revisions of soft tissue injures should be sched-
uled every 48 h as long as there is an impairment 
of local perfusion. The traumatic wound should 
be left open and covered with a synthetic saline- 
soaked dressing or by vacuum therapy. Local 
vacuum therapy may save the patient some of the 
planned “second look” surgeries. It has been 
shown to be successful in treatment of a variety 
of wounds including extensive degloving injuries 
[4, 5]. Subatmospheric pressure on the wound 
site enhances wound healing, reduces the amount 
of fluid, and increases local blood flow [6, 7]. 
These effects have been shown to minimize the 
risk for wound infection [8].

When definitive internal fixation is possible 
from the soft tissue point of view, the insertion of 
stable devices is preferred. In case of shaft frac-
tures of the femur or tibia, the use of intramedul-
lary nails is recommended whenever possible.

For intra-articular open fractures, most surgeons 
prefer a two-step strategy. Some authors recom-
mend limited internal fixation and gross reduction 
of severely displaced fragments for soft tissue 
decompression. The minimally invasive fixation 
comprises the reconstruction of the joint itself and 
temporary stabilization with K-wires followed by 
stabilization with lag screws and adjusting/set 
screws. Definitive fixation is carried out second-
arily following consolidation of the soft tissues.

12.3  Assessment of the Severity 
of Soft Tissue Injury

12.3.1  Soft Tissue Injury in Closed 
Fractures

Proper diagnosis and assessment of the true 
degree of soft tissue damage in closed fractures is 
crucial. Contusions may raise more therapeutic 

questions than simple inside-out puncture 
wounds. Weakening of the skin barrier may be 
followed by necrosis and infection. Assessment 
of the severity of a closed fracture helps guide the 
timing and type of osteosynthesis, (Table 12.1). 
Early detection and evaluation of neural, vascu-
lar, and muscular injuries also affect the overall 
outcome.

Specific attention has to be dedicated to the 
presence of compartment syndromes. These 
should be anticipated when the capillary perfusion 
pressure is less than intracompartmental pressure. 
Pain out of proportion in responsive patients is the 
hallmark indicator. In sedated patients, measure-
ment of intracompartmental pressures is manda-
tory. Elevated compartment pressures should be 
treated with emergent fasciotomy.

12.4  Fracture Treatment

12.4.1  Upper Versus Lower Extremity 
Injuries

In severe open fractures of the upper extremity, 
certain principles are different from those of the 
lower extremities. It is widely accepted that sur-
gical management of lower extremities precedes 
the treatment of upper limb injuries. Moreover, 
the maintenance of correct length is less impor-
tant in the treatment of upper extremity fractures. 

Table 12.1 Classification of soft tissue injuries in closed 
fractures [36]

Closed fracture G0: No injury or very minor soft tissue 
injury. The G0 classification covers simple fractures, 
i.e., fractures caused by indirect injury mechanisms
Closed fracture G1: Inside-out contusions caused by 
fracture fragments
Closed fracture G2: Deep, contaminated abrasions or 
local dermal and muscular contusions. Impending 
compartment syndrome is usually associated with a G2 
lesion. These injuries usually are caused by direct 
forces that shear off soft tissue and are often associated 
with moderate to severe fracture types
Closed fracture G3: Extensive skin contusions, muscular 
disruption, decollement, and obvious compartment 
syndrome combined with any closed fracture are graded 
as G3. In this subgroup, severe fracture types and 
comminuted fractures are usually seen
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Severe upper extremity injuries, such as open 
fractures, compartment syndrome, and concomi-
tant vascular injuries require immediate surgical 
management. In general, splinting or definitive 
fixation are more frequently performed in the 
upper extremity because soft tissue coverage is 
usually easier.

12.4.2  Fracture Care in Serial 
Extremity Fractures

The sequence of fracture care in patients with 
serial extremity injuries is important. 
Simultaneous treatment of extremity injuries can 
be achieved if the logistic conditions allow the 
surgeon to do so. The recommendations for the 
timing of fixation are summarized as follows:

In serial injuries of the upper extremity, immo-
bilization of humeral shaft fractures is an ade-
quate option unless the injuries are open or if 
neurovascular injuries require surgical interven-
tion. In forearm fractures, early fixation is advised 
due to limited soft tissue coverage.

In periarticular fractures, early fixation should 
be performed if the patient’s condition is ade-
quate. If no definitive fixation can be performed 
and if the patient goes to the OR for other causes, 
transarticular external fixation (TEF) is preferred 
over casting. External fixation allows for better 
stability and assessment of soft tissues. This is of 
utmost importance due to the risk of compart-
ment syndrome in these injuries.

In serial injuries of the lower extremities, 
definitive fixation should be achieved whenever 
possible. In floating knee injuries, retrograde 
femoral nails and antegrade tibial nails can be 
placed using the same incision. In unstable 
patients, closed reduction and transarticular 
external fixation is performed for temporary frac-
ture stabilization.

In metadiaphyseal and periarticular fractures, 
the priorities of care are dictated by the degree of 
soft tissue damage. The orthopedic emergencies 
that require operative care are as follows:

• Compartment syndrome
• Vascular injuries

• Irreducible hip dislocation
• Open fractures

Among the higher priorities are femoral head 
fractures (Pipkin I-III) and fractures of the talus. 
Any other periarticular fracture is of lower priority, 
if no further complication is evident (compartment 
syndrome, pulse less extremity, or open fracture).

In the care of upper extremity fractures, simi-
lar principles are applied. In bilateral fractures, 
simultaneous treatment should be considered. 
Both extremities can be draped at the same time. 
Some parts of the procedure may require opera-
tive treatment of only one extremity at the time 
because of fluoroscopy, or handling issues. If the 
vital signs of the patient deteriorate during the 
operation, the second extremity may just be tem-
porarily stabilized using external fixation. The 
classification system of complex extremity frac-
tures is shown in Table 12.2.

12.5  Stages in Polytrauma

Initial fracture care of severely injured patients 
requires anticipation of potential problems and deci-
sion making about the timing of interventions using 
a systematic approach [9]. In general, four different 
phases of the posttraumatic course are separated:

 1. Acute phase (1–3 h): resuscitation
 2. Primary phase (1–48 h): stabilization

Table 12.2 Classification system of complex extremity 
injuries [37]

Fracture-associated injury Points

Severe soft tissue damage 2
  + hemorrhagic shock 3
ISS 16–25 1
ISS > 25 2
Neurovascular injury 1
Articular involvement 1

Type of complex 
extremity fracture Points Fracture care

Low risk 1–2 Definitive internal
Moderate risk 3–4 External
High risk >4 Consider 

amputation
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 3. Secondary period (2–10 days): regeneration
 4. Tertiary period (weeks to months after 

trauma): reconstruction and rehabilitation

12.5.1  Acute Phase (1–3 h After 
Admission): Resuscitation/
Hemorrhage Control

Initially, the focus of treatment lies in the control 
of acute life-threatening conditions. Complete 
patient assessment is required to identify all life- 
threatening conditions. This involves airway con-
trol, thoracocentesis, rapid control of external 
bleeding, and fluid and/or blood replacement 
therapy. Decompression in head injuries with 
impending herniation may outweigh all other 
measures. Prioritization of the orthopedic inju-
ries is crucial as well. The orthopedic fractures 
that require immediate surgery are listed above. 
Spinal and pelvic fractures are covered in differ-
ent chapters.

12.5.2  Primary Phase (1–48 h): 
Stabilization of Fractures

The primary phase is the usual time where major 
extremity injuries are managed. These include 
acute stabilization of major extremity fractures 
associated with arterial injuries and compartment 
syndrome. Fractures can be temporally stabilized 
by external fixation and the compartments 
released where appropriate. Systemic complica-
tions, such as development of systemic inflam-
matory response syndrome (SIRS) and acute 
lung injury (ALI), have to be considered if major 
musculoskeletal injuries are present.

12.5.3  Secondary Period (2–10 Days): 
Regeneration

During the secondary phase, the general condi-
tion of the patient is stabilized and monitored. In 
most cases, this implies 2–4 days after trauma. 
Surgical interventions should be limited to those 

absolutely required (“second look,” debridement) 
and lengthy procedures should be avoided. 
Physiological and intensive care scoring systems 
help monitor the clinical progress.

12.5.4  Tertiary Period (Weeks 
to Months After Trauma): 
Reconstruction 
and Rehabilitation

During the tertiary phase, the patient is able to 
undergo definitive fracture stabilization. Intensive 
rehabilitation can help maintain range of motion 
and improve functional outcomes, social reinte-
gration, and return to work.

12.5.5  Assessment of the Patient

Blunt injuries to extremities and trunk (thorax and 
abdomen) have been shown to be of immense 
importance to clinical course of severely injured 
patients [10]. Patients with multiple blunt traumas 
have to be assessed for “four pathophysiologic 
cascades” (hemorrhagic shock, coagulopathy, 
hypothermia, and soft tissue injuries) in order to 
avoid life-threatening systemic complications 
(Fig. 12.1). These cascades have common end 
point that results in endothelial damage [10].

• Hemorrhagic shock: The systolic blood pres-
sure, dependence on vasopressors, and low 
urine output are reliable clinical markers of 
hypovolemia. It must be kept in mind that 
younger patients are able to compensate for 
severe shock states but can rapidly 
 decompensate after a period without adequate 
resuscitation.

• Hypothermia: Several factors are known to 
affect the development of hypothermia in 
trauma patients, especially hypovolemia with 
consecutive centralization of blood circulation 
and prolonged rescue time. Core temperature 
below 33 °C has been described to be a critical 
value [11]. Patients presenting with hypother-
mia are prone to develop cardiac arrhythmia, 
cardiac arrest, and coagulopathy.
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• Coagulopathy: Low platelet count is a reliable 
screening marker for posttraumatic coagulop-
athy. It can indicate impending disseminated 
intravascular coagulation. Studies have shown 
that decreased systemic platelet count (below 
90,000) on the first day is associated with mul-
tiple organ failure and death [12, 13].

• Soft tissue injury: Major extremity injuries, 
crush injuries, severe pelvic fractures, and tho-
racic and abdominal trauma (AIS >2) are 
included into this category. Severe soft tissue 
trauma may have additional systemic immuno-
logic effects with consecutive stimulation of 
immune system and development of the sys-
temic inflammatory response syndrome (SIRS).

12.5.6  Physiology of Staged 
Treatment

The term “first hit” stands for the initial insult of 
trauma. The “second hit” refers to the physio-
logic effect which is impacted by surgical proce-
dures or clinical course. The second hit can 
enlarge the degree of damage from the primary 
trauma leading to increased morbidity and mor-
tality [14]. In order to reduce the secondary 
trauma load, the timing of fracture fixation in 

polytrauma patients with multiple blunt injuries 
is based on physiological parameters. All patients 
should be placed into one of four categories (sta-
ble, borderline, unstable, and in extremis) in 
order to direct the treatment approach. Figure 12.2 
demonstrates the safe definitive surgery (SDS) 
concept in treatment of severely injured patient.

12.5.6.1  Stable Condition
Stable patients are hemodynamically stable and 
respond to initial fluid therapy. Moreover, there is 
no evidence of respiratory disorders, coagulopathy, 
hypothermia, and abnormalities of acid base status. 
Stable patients without comorbidities usually toler-
ate early definitive fracture fixation [15, 16].

12.5.6.2  Borderline Condition
Borderline conditions are defined as indicated in 
Table 12.3. In this group of patients, a cautious 
operative strategy should be used. Additional 
invasive monitoring should be instituted preop-
eratively. A low threshold should be used for con-
version to a “damage control” approach to the 
patient management, as detailed below, at the 
first sign of deterioration.

12.5.6.3  Unstable Condition
Hemodynamically unstable patients are at risk of 
rapid deterioration, subsequent multiple organ 
failure, and death. In these patients, a “damage 
control” approach is required. This entails rapid 
life-saving surgery only when absolutely neces-
sary and timely transfer to the intensive care unit 
for further stabilization and monitoring. 
Temporary stabilization of fractures using exter-
nal fixation, hemorrhage control, and exterioriza-
tion of gastrointestinal injuries is advocated. 
Complex reconstructive extremity procedures 
should be delayed until the patient’s condition is 
stabilized and the acute immunoinflammatory 
response to injury has subsided.

12.5.6.4  In Extremis Condition
These patients have ongoing uncontrolled blood 
loss. Despite the extensive resuscitation, they 
remain severely unstable and suffer the effects 
of four vicious cycles: coagulopathy, shock, 
 hypothermia, and tissue injury. The patients 
should be transferred directly to the intensive 

Fig. 12.1 Four vicious cycles demonstrate the patho-
physiological cascades. These are known to be associated 
with the development of posttraumatic immune dysfunc-
tion and endothelial damage. The exhaustion of the com-
pensatory mechanisms results in development of systemic 
complications
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Stable Borderline Unstable In Extremis

Safe Definitive Surgery

Unstable

Safe
Definitive
Surgery

ICU
Damage
Control
Surgery

Improving Deterioration

Resuscitation

<1 h

Decision 1:

> 1 h

Decision 2:

Time Course

Hemorrhage
Control

Fig. 12.2 Polytraumatized patients are assessed accord-
ing to the advanced trauma life support (ATLS) approach. 
Next, classification (stable, borderline, unstable, in extre-
mis) of the patients is performed using clinical parame-
ters. In “stable” patients, a safe definitive surgery (SDS) 
strategy can be applied. The patients “in extremis” should 
be transferred directly to the intensive care unit for inva-
sive monitoring and advanced hematologic, pulmonary, 

and cardiovascular support. “Borderline” and “unstable” 
patients are brought to the ICU department for resuscita-
tion. Thereafter, reevaluation of the clinical status is per-
formed. “Unstable” patients and “borderline” patients 
with secondary deterioration should be treated according 
to the damage control orthopedics (DCO) concept. 
Patients with improving conditions can be subjected to 
safe definitive surgery

Table 12.3 Clinical parameters used to identify patients in uncertain condition, named “borderline”

Factors to identify the borderline patient

Injury severity score > 40
Multiple injuries (ISS > 20) in association with thoracic trauma (AIS > 2)
Multiple injuries in association with severe abdominal or pelvic injury and hemorrhagic shock at presentation 
(systolic BP < 90 mmHg)
Patients with bilateral femoral fractures
Radiographic evidence of pulmonary contusion
Hypothermia below 35 °C

Usually, at least three of these have to be present to allow for classification as borderline [10]
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care unit for invasive monitoring and advanced 
hematologic, pulmonary, and cardiovascular sup-
port. Orthopedic injuries can be stabilized rapidly 
in the emergency department or intensive care 
unit using external fixation.

12.5.7  Patient Assessment for Initial 
Definitive Surgery Versus 
Temporizing Orthopedic 
Surgery

The initial patient assessment usually is per-
formed using scoring systems such as the ISS or 
NISS. For life-threatening conditions, frequently 
due to penetrating trauma, the “triad of death” 
(blood loss, coagulopathy, and loss of  temperature) 

approach has been used. In patients with blunt 
orthopedic injuries, it is important to account for 
soft tissue injuries as well and parameters of 
oxygenation to assess the clinical status of the 
patient [9].

Table 12.4 documents parameters and scoring 
systems that can be used to categorize a patient’s 
condition. Three out of the four criteria should be 
present to qualify a patient for a specific category 
[10]. It is important to note that the combination 
of these parameters is a suggestion only and has 
a low level of evidence. Nevertheless, most of the 
components are scores that have been routinely 
used in the past and are widely accepted. For 
screening purposes, the following threshold lev-
els have been used: pulmonary dysfunction 
(PaO2/FiO2 <250), platelet count (<95,000), 

Table 12.4 Incorporation of existing classification systems for clinical patient assessment

Parameter
Stable
(Grade I)

Borderline
(Grade II)

Unstable
(Grade III)

In extremis
(Grade IV)

Shock Blood pressure 
(mmHg)

100 or more 80–100 60–90 <50–60

Blood units (2 h) 0–2 2–8 5–15 >15
Lactate levels Normal range Around 2.5 >2.5 Severe 

acidosis
Base deficit mmol/l Normal range No data No data >6–8
ATLS classification I II–III III–IV IV

Coagulation Platelet count (μg/
ml)

>110,000 90,000–110,000 <70,000–90,000 <70,000

Factor II and V (%) 90–100 70–80 50–70 <50
Fibrinogen (g/dl) >1 around 1 <1 DIC
D-Dimer Normal range Abnormal Abnormal DIC

Temperature <33 °C 33 °C–35 °C 30 °C–32 °C 30 °C or less
Soft tissue injuries Lung function; 

PaO2/FiO2

350–400 300–350 200–300 <200

Chest trauma scores; 
AIS

AIS I or II
(e.g., abrasion)

AIS 2 or more
(e.g., 2–3 rib 
fractures)

AIS 3 or more
(e.g., serial rib 
fx. >3)

AIS 3 or more
(e.g., unstable 
chest)

Chest trauma score; 
TTS

0 I–II II–III IV

Abdominal trauma 
(Moore)

<or = II <or = III III III or > III

Pelvic trauma (AO 
class)

A type (AO) B or C C C (crush, 
rollover abd.)

External (AIS) AIS I-II
(e.g., abrasion)

AIS II–III
(e.g., mult. 
>20 cm tears)

AIS III–IV
(e.g., <30 % 
burn)

(Crush injury, 
>30 % burn)

Among the parameters, at least three should be met to qualify for a certain category. It is of note that patients that 
respond to resuscitation qualify for early definitive fracture care, as long as prolonged surgeries are avoided [10]
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hypotension unresponsive to therapy >10 blood 
units per 6 h, and requirement for vasopressors.

Inflammatory parameters have been identified 
to have predictive power for the development of 
systemic complications (multiple organ failure) 
[17]. An exaggerated posttraumatic systemic 
inflammatory may occur leading to immunosup-
pression [18]. Recent studies support the idea of 
simultaneous induction of the innate immune sys-
tem (“genomic storm”) and suppression of adap-
tive immune system with activation of more than 
5,136 genes [19]. Trauma has promoted the expres-
sion of genes involved in innate immunity, micro-
bial recognition, and inflammation. Additionally, 
the expression was decreased in genes for antigen 
presentation. Patients with uncomplicated recovery 
were associated with a down regulation of genes 
within 7–14 days after trauma [19].

The “inflammation and host response to injury 
collaborative research program” has investigated 
the activation and expression of genes in response 
to trauma and evaluated the prognostic value 
of this response. According to this prospective 
investigation, leukocyte gene expression scores 
obtained in the first hours after trauma can pro-
vide useful information that cannot be obtained 
by scoring anatomical or physiological parame-
ters [20]. The genomic characterization appears to 
allow the stratification of patients with poor out-
come (development of MOF) [21]. Whether this 
technique and scoring has application in the clini-
cal setting remains an area of future study [20].

12.6  Special Situations

12.6.1  Surgical Priorities 
in the Presence of Additional 
Head Injuries

According to the pathophysiology of head injury, 
the brain loses the autoregulation of blood flow in 
zones of contusion. Also, an increase in the utiliza-
tion of glucose occurs, adding to the susceptibility 
to ischemic injury [22]. Head trauma patients are 
at greatest risk for decreased cerebral blood flow 
during the first 12–24 h following injury [23]. 
Intraoperative hypotension is an important risk 

factor for secondary brain injury (“second hit” to 
the brain) [24]. The primary goal of management 
for traumatic brain injury is the avoidance of sec-
ondary insults (hypoperfusion) [25].

The management needs to be performed in 
close cooperation with the neurosurgical team 
and sudden changes in the strategy can occur 
according to the degree of cerebral swelling, 
imminent herniation, or increase in bleeding.

The orthopedic surgeon and the neurosurgeon 
need to reveal how much operative time, blood 
loss, and temperature loss can be accepted for 
each individual case. General rules are currently 
not available. If in doubt, monitoring of the intra-
cranial pressure (ICP) is safer and should be per-
formed. During fracture fixation, secondary 
insults should be avoided by maintaining ade-
quate cerebral perfusion.

12.6.2  Surgical Priorities 
in the Presence of Additional 
Chest Injuries

The pathophysiology in chest trauma is well 
described. A lung contusion is a separate entity 
from rib fractures and has a higher association 
with ARDS than rib fractures [26]. In isolated rib 
fractures, a decrease in biomechanical (lack of 
rib cage motion) and pain-related hypoxemia is 
reversed by artificial ventilation. With lung con-
tusion despite ventilation, intrapulmonary edema 
can develop. This is mediated by inflammatory 
cells and causes a local immunologic reaction 
[27]. The progressive nature of a pulmonary con-
tusion can cause problems and is frequently 
underestimated. Early after injury, the blood gas 
parameters can still be within normal limits, and 
the chest X-ray may also present as a false nega-
tive. The immunologic mechanisms initiated by 
pulmonary contusions are comparable to those 
seen after severe injury [28, 29]. Thus, the host 
response to pulmonary contusion is similar to 
nonpulmonary injury, resulting in an increased 
risk of ARDS.

Patient evaluation focuses on the following 
clinical criteria: presence of a lung contusion on 
the initial chest x-ray or CT scan, worsening 
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 oxygenation (requirement of increased FiO2 
>40 % or PaO2/FiO2 <250), and increased airway 
pressures (e.g., >25–30 cm H2O). The pulmonary 
function can change within hours after the injury 
and repeated blood gases should be obtained.

12.6.3  Surgical Priorities 
in the Presence of Additional 
Pelvic Ring Injuries

The pathophysiology of systemic effects in 
severe pelvic injuries is dictated by the degree of 
local blood loss from the pelvic floor, the presa-
cral venous plexus, and any arterial damage. 
Unlike other injuries, autotamponade does not 
occur and retroperitoneal bleeding may mimic 
intra-abdominal injury. Soft tissue disruption can 
have more severe side effects than in the extremi-
ties since a higher degree of kinetic energy is 
required to cause substantial displacement. In 
open injuries with intestinal damage, a substan-
tial increase in the risk of infection and late sepsis 
occurs [29, 30].

Timing of pelvic fixation is based on the 
hemodynamic status and the presence of associ-
ated abdominal injuries. The decision to attempt 
definitive fixation within 2448 h appears to be 
dependent upon the pelvic ring fracture pattern 
[31] and can be attempted in stable and border-
line patients. In unstable patients, the use of 
sheets wrapped about the pelvis or a pelvic binder 
allows for rapid circumferential splinting of the 
pelvic ring most effectively at the level of the 
greater trochanter [32].

The paucity of studies in the literature seems 
to support early surgical management of such 
injuries. Favorable patterns may be treated by 
percutaneous fixation when several factors coin-
cide: closed reduction can be achieved, the injury 
pattern is amenable to screw fixation alone, and 
the surgeon and operating team are available and 
experienced [33]. In cases of exsanguinations 
from a pelvic ring injury, direct packing of the 
true pelvic space has been described [34]. This 
technique is dependent upon achieving provi-
sional stability of the pelvic ring with a binder, 
external fixation, or internal fixation.

Current recommendations are to identify the 
source of pelvic hemorrhage and to stop the 
bleeding, followed by stabilization of the pelvic 
ring. The use of a binder is often successful for 
achieving a physiologic state that allows surgery 
unless a single artery is damaged. This may be 
treated by coiling.

12.6.4  Surgical Priorities Depending 
on Trauma System

Some authors have argued that the trauma system 
dictates patient care. The early total care of all 
fractures was advocated by certain clinicians in the 
1980s. However, a recent survey on the manage-
ment of major fractures in multiply injured patients 
demonstrates that the timing of fracture fixation is 
similar in two groups of trauma centers in both the 
United States and Germany. Thereby, a staged 
approach toward fracture management appears to 
be the rule in both systems [35] (Table 12.5).
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Mangled Extremity: Management 
in Isolated Extremity Injuries 
and in Polytrauma

Mark L. Prasarn, Peter Kloen, and David L. Helfet

13.1  Introduction

Clinical decision making for trauma patients with 
extremity injuries is typically straightforward 
with resulting maintenance of viability and func-
tion of the involved limb. Damage control ortho-
pedics (DCO) has produced similar outcomes in 
the severely injured, unstable trauma victim with 
a relatively simple extremity injury. Numerous 
reports have described the beneficial effects of 
such temporizing measures that then allow the 
patient to be stabilized [26, 27, 40, 55, 68]. The 
decision process becomes much more clouded 
when dealing with trauma victims with severe 
extremity injuries, that is, mangled extremities. 
There has been much debate as to whether limb 
salvage or amputation results in the best clinical 
outcomes in such a patient.

The emergent management of severe extrem-
ity trauma poses a difficult clinical decision for 
the entire treating surgical team. Resuscitation 
and management of all life-threatening injuries 
always must take precedence over any extremity 
injury. In a small subset of patients with complete 
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traumatic disruption and clearly irreparable inju-
ries an immediate complete amputation should 
be performed. Likewise, in the setting of 
 prolonged limb ischemia, severe soft tissue loss 
that cannot be reconstructed or concurrent life- 
threatening injuries elsewhere in an unstable 
polytrauma patient, a primary amputation is 
likely indicated. Also, patients with severe ipsi-
lateral foot and ankle crush injuries may be better 
served with immediate amputation.

There exists a significant population of trauma 
patients in whom such clear indications for 
amputation are absent. It has been questioned 
whether or not attempted preservation of the limb 
in such patients is appropriate, or whether the 
patient would be better served with primary 
amputation. In many circumstances, the patient 
undergoes prolonged unsuccessful attempts at 
limb salvage only to be subject to great physical, 
psychological, financial, and social suffering. 
Various scoring systems have been devised to 
attempt to identify patients who should have limb 
salvage attempted versus those who should 
undergo primary amputation. The reliability of 
such scoring systems has been questioned, and 
the outcomes of limb salvage versus amputation 
debated. It still remains unclear in the literature 
as to which modality results in the optimal out-
come, and in whom each should be performed. 
The treating surgeon and patient therefore still 
have no objective simple criteria to assist in mak-
ing such a monumental decision.

13.2  Mechanism of Injury

The vast majority of injuries that pose the possible 
risk of amputation are due to blunt trauma. Motor 
vehicle crashes and industrial/farm accidents are 
the leading causes of such injuries in both the 
upper and lower extremities [1, 3, 8, 11, 17, 18, 
31, 33, 45, 60, 69]. Falls from a height, high-
velocity gunshots, and explosion injuries consti-
tute the remainder of mechanisms [2, 9, 33]. The 
most significant factor involved with the injury 
mechanism is the amount of energy transferred to 
the extremity rather than the actual mechanism. 
The relative amount of energy absorbed directly 

translates into the amount of destruction to the 
bone and soft tissues. The concept of the “zone 
of injury” has been coined to define the area of 
the extremity affected by the injuring force. This 
zone may be defined by the fracture type, the 
amount of comminution, the area of crush, lac-
eration, or shearing of the soft tissues, or devas-
cularization of the entire limb [18].

13.3  Common Injury Patterns

Most studies have defined severe extremity 
trauma as those with associated complex frac-
tures, dysvascular limbs, significant soft-tissue 
loss, neurological injury, and severe injuries to 
the distal extremity (hand, foot, and ankle). In all 
instances, there is a high-energy transfer to the 
involved limb that results in some combination of 
injuries to bone, arteries, tendon, nerves, and soft 
tissue. Complicated fractures are typically 
Gustilo grade IIIB and IIIC, but sometimes 
include select grade IIIA open fractures. These 
injuries often times have significant bone loss 
that requires either later bone grafting or bone 
transport using Ilizarov techniques. Dysvascular 
limbs can result from knee dislocations, internal 
amputation of the upper extremity, vascular 
injury secondary to a closed fracture, or penetrat-
ing wounds. Patients that have concomitant vas-
cular disruption of the involved limb often 
constitute a great number of these injuries and are 
more likely to result in amputation [8, 35, 41]. 
Significant soft-tissue injuries are those second-
ary to crush mechanisms, those with degloving 
wounds, or avulsion injuries. Distal extremity 
injuries that result in consideration of amputation 
include Gustilo grade III pilon fractures, severe 
hindfoot or midfoot injuries, and loss of multiple 
digits in the hand.

13.4  Scoring Systems

Multiple scoring systems have been proposed by 
various authors to help guide in the management 
of complex extremity trauma. Even so, there is 
still much debate regarding the criteria that 
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should be utilized in predicting which limbs can 
be successfully reconstructed versus those that 
should undergo amputation [36, 42, 43, 46, 63]. 
Most of these predictive indices have been criti-
cized as being too subjective, complex, difficult 
to universally apply, derived retrospectively from 
small patient series, and not validated with func-
tional outcome data [5, 18]. Of note is that most 
of these scores were developed more than 
15 years ago. Since then there have been enor-
mous advances in plastic, orthopedic and vascu-
lar techniques that now permit limb salvage in the 
majority of these cases. The four most commonly 
used scoring systems are presented.

In 1987, Howe et al. proposed the Predictive 
Salvage Index (PSI) to be used in the setting of 
combined orthopedic and vascular injuries 
involving the lower extremity. In this system, 
points are assigned for the level of arterial injury, 
the degree of bone and muscle injury, and the 
amount of time elapsed from injury to arrival to 
the operating room. In a small, retrospective 
analysis of 21 patients, all 12 patients with suc-
cessful limb salvage had a PSI <8, while 7 of the 
9 who underwent amputation had a PSI of at least 
8. They concluded that the PSI had a sensitivity 
of 78 % and specificity of 100 % for predicting 
amputation in this setting [42]. Other authors 
have reported much lower sensitivity and speci-
ficity of the PSI [5, 62].

In 1990, Johansen et al. introduced a system 
known as the Mangled Extremity Severity Score 
(MESS) after retrospectively reviewing 26 man-
gled lower limbs [43]. Under this system the 
patient receives a numerical score for four differ-
ent factors: skeletal/soft-tissue injury, ischemia, 
shock, and patient age. The scores are summated, 
and a value of <7 has been shown to be predictive 
of salvage [36, 43] (Table 13.1). The proposed 
advantages of this predictive index are that the 
information is readily available upon presenta-
tion, its relative simplicity, and its reproducibil-
ity. Others have criticized its subjectivity, and 
review of larger series of patients has shown 
lower sensitivity of the index than initially 
reported [5, 53, 61].

In 1991, Russell et al. proposed the Limb 
Salvage Index (LSI) based on the review of 70 

limb-threatening injuries. The index predicts the 
likelihood of limb salvage based on ischemia 
time and injury severity to six types of tissue that 
may be involved [63]. In order to specifically 
quantify each of these categories, extensive 
examination during an operation is necessary. 
The system is therefore very detailed and difficult 
to use in the acute decision-making process [5]. 
Another detailed scoring system, known as the 
NISSSA (nerve injury, ischemia, soft-tissue con-
tamination, skeletal injury, shock, and age), was 
introduced by McNamara et al. in 1994. This sys-
tem is a more complex modification of the MESS 
that separates the skeletal and soft-tissue injury, 
and adds a score for nerve injury. In a small retro-
spective series (24 patients), the authors con-
cluded that the system is more sensitive and 
specific than the MESS [51].

13.5  Management

Initial management of the patient with a limb- 
threatening injury begins with ATLS protocol 
emphasizing a primary survey with immediate 
assessment of ABC’s (Table 13.2). Following 
this, the field dressing should be removed and 
any significant bleeding immediately controlled. 
This should be done with direct pressure, tourni-
quet, a compressive dressing, or proximal clamp-
ing (in that order of preference). Once the 
resuscitative effort is underway, further assess-
ment of other injuries should be undertaken as 
well as a thorough neurovascular examination. If 
there is disruption to the arterial flow to the 
extremity, and salvage is being considered, an 
intraluminal shunt may be used. Wound dressing, 
gross alignment and splinting should be per-
formed. Following this, any radiographic studies 
may be obtained (including vascular studies if 
necessary), and intravenous antibiotic and teta-
nus prophylaxis administered. We always calcu-
late a MESS for each patient at the onset of 
treatment.

If an early amputation is deemed necessary it 
is often advantageous to take medical record pho-
tographs to document the severity of the injury. 
Also, obtaining and documenting additional 
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“attending” opinions on the need for the primary 
amputation is highly recommended. We also 
 recommend keeping a photographic record 
throughout the course of treatment if reconstruc-
tion is performed, to document both progress and 
decline. Our indications for early amputation 
include unreconstructable osseous or soft-tissue 
injuries, irreparable vascular injuries, and severe 
loss of the plantar soft tissue (Fig. 13.1). Previous 
authors have recommended amputation if plantar 
sensation is absent. Recent evidence has sug-
gested that initially absent plantar sensation does 
not predict a poor functional outcome, and that it 

may return in more than half of patients followed 
out to 24 months [8]. We therefore do not use 
absent plantar sensation as criteria for a primary 
amputation alone.

The amputation should be performed at the 
most distal level possible, but should not include 
clearly nonviable tissues. Examining color, con-
sistency, contractility, and bleeding determine 
tissue viability. It has been shown that trans-tibial 
amputations have significantly better functional 
outcomes and lower energy expenditure than 
more proximal levels of amputation [18, 49]. 
A thorough irrigation and debridement should be 

Table 13.1 Criteria of Mangled Extremity Severity Score

Type Characteristics Injuries Points

Skeletal/soft-tissue
Group

1 Low energy Stab wounds, simple closed fractures, 
small-caliber gunshot wounds

1

2 Medium energy Open or multiple-level fractures, 
dislocations, moderate crush injuries

2

3 High energy Shotgun blast (close range) and 
high-velocity gunshot wounds

3

4 Massive crush Logging, railroad, oil rig accidents 4
Shock
Group

1 Normotensive hemodynamics BP stable in field and in OR 0
2 Transiently hypotensive BP unstable in field but responsive to 

intravenous fluids
1

3 Prolonged hypotension Systolic BP <90 mmHg in field and 
responsive to intravenous fluid only in OR

2

Ischemia
Group

1 None A pulsatile limb without signs of 
ischemia

0a

2 Mild Diminished pulses without signs of 
ischemia

1a

3 Moderate No pulse by Doppler, sluggish 
capillary refill paresthesia, diminished 
motor activity

2a

4 Advanced Pulseless, cool, paralyzed, and numb 
without capillary refill

3a

Ischemia
Group

1 <30 years 0
2 >30, <50 years 1
3 >50 years 2

Reprinted from Helfet et al. [36]
OR operating room, BP blood pressure
aPoints X 2 if ischemic time exceeds 6 h
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Initial resuscitation as per ATLS protocol 

YesNo

Primary amputation with
thorough irrigation and

debridement 

Hard signs of
vascular injury 

NoYes

(+) (−)

Shunt/
Definitive

Vascular repair 

Irrigation and
debridement and

skeletal stabilization 

Repeat irrigation
and debridement(s)

Definitive skeletal repair
and soft tissue coverage 

Irrigation and
debridement and

external stabilization 

Angiogram 

Presence of factors indicating limb unsalvageable
(clinical or scoring eg. MESS)

or patient with mortality risk secondary to involved limb 

Table 13.2 Algorithm 
for the management of 
the patient with severe 
extremity trauma

a

b

Fig. 13.1 A 25-year-old 
male sustained Gustillo and 
Anderson Type IIIB open 
tibia/fibula fractures 
following a crush injury in a 
motor cycle accident. (a) 
Clinical photo (top image) of 
the injury. (b) AP and lateral 
radiographs (bottom images) 
demonstrate a comminuted 
tibia and fibula fractures. 
The patient underwent early 
below-knee amputation 
secondary to unreconstruc-
table soft tissue envelope
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performed without any attempt to close the 
wound at this time. A sterile dressing or wound 
VAC can be applied, and a splint placed if the 
amputation is below the level of the knee or 
elbow (Fig. 13.2). Return to the operating room 
with repeat surgical debridements should be per-
formed as deemed necessary. In most instances 
several irrigation and debridements are under-
taken prior to closure of the stump site to ensure 
adequate removal of nonviable tissue and a clean 
environment for wound healing.

If the need for amputation is not clear upon 
initial examination, then limb salvage should be 
attempted. Once again a thorough irrigation and 
debridement with removal of any contaminants 
and nonviable tissue performed emergently. This 
may be the most important operation the patient 
undergoes during the entire course of treatment. 
External fixation to gain stability of fractures and 
to aid in wound care is typically performed at this 
time. If necessary, a definitive vascular repair 

should be performed following skeletal stabiliza-
tion. Ex-fix pins should be placed strategically 
away from the zone of injury and based on future 
incisions for definitive ORIF. Compromise of 
formal ORIF after DCO using external fixation is 
generally not an issue [68]. Fasciotomies should 
be performed as necessary. Antibiotic bead 
pouches and negative pressure wound therapy 
can be used to help decrease infection and assist 
with wound care [16, 37, 38, 54, 57]. The extrem-
ity is closely monitored over the next 24–72 h for 
soft tissue viability and sensorimotor function. 
Wounds should be regularly inspected, and repeat 
irrigation and debridements performed based on 
wound appearance (tissue viability, presence of 
contaminants, infection, etc.). VAC dressings are 
changed every 48–72 h.

If at any point the limb is deemed unsalvage-
able, or if the patient’s life is in jeopardy second-
ary to the extremity, amputation should be 
performed. If the extremity remains viable for 

a b

c

Fig. 13.2 A 21-year-old male presented to the emergency 
department following a motorcycle collision with bilateral 
lower extremity injuries. (a) Left-sided pulse-less (Grade 
IIIC) “mangled” knee/lower extremity injuries and a right-
sided bicondylar closed tibial plateau fracture with com-
partment syndrome. (b) Left-sided completion of the 

above knee amputation retaining as much viable soft tissue 
as possible. (c) Application of negative pressure wound 
therapy dressing to left-sided amputation site, as well as 
external fixation of right bicondylar tibial plateau fracture 
and leg fasciotomies for compartment syndrome
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reconstruction and the patient condition permits 
then definitive skeletal stabilization and early soft 
tissue coverage should be performed [28, 29]. 
The use of BMP-2 has been approved in complex 
open tibia fractures. It was shown to accelerate 
fracture healing, reduce infection rate, and 
decrease the need for secondary procedures to 
obtain union in a randomized, prospective study 
involving 450 open tibia fractures [32]. Further 
research involving a larger cohort of patients with 
longer follow-up is necessary to confirm these 
results, and analyze the long-term complications 
and outcomes. Some recent studies have shown 
increased rates of heterotopic ossification in peri- 
articular injuries [7], possibly increased risk of 
malignancies [13], and unreliable reporting of 
complications in the literature [14]. Until more 
data is available, the utility and safety of BMP in 
the setting of open fractures is still uncertain.

Various modalities are available for surgical 
fixation including uniplanar external fixators, 
hyrid external fixators, thin-wire ring external 
fixators, plate and screw constructs, and intra-
medullary nails. There are pros and cons of each 
modality. It is beyond the scope of this chapter to 
recommend the type of fixation to use in the set-
ting of complex extremity trauma. Many patients 
will require further surgery to achieve osseous 
union and this should be discussed along with 
possible complications with each patient thor-
oughly [8, 29, 35] (Figs. 13.3 and 13.4).

13.6  Complications

A major factor in the decision making in the 
treatment of the mangled extremity is the pos-
sible major complications associated with the 
treatment arm chosen. Harris et al. reported the 
nature and incidence of major complications 
for patients enrolled in the LEAP study group. 
Their cohort consisted of 545 patients with 
severe  lower-extremity injuries followed pro-
spectively for 24 months. A physician examined 
each patient at 3-, 6-, 12-, 24-month intervals 
and major complications recorded. The two most 
common complications were wound infection 
(28.3 %) and nonunion (23.7 %), and the major-

ity of each of these required operative interven-
tion and inpatient care. Approximately a quarter 
of each of these complications were considered 
severe enough to compromise long-term func-
tion. The overall incidence of wound dehiscence 
was 8.6 % and that of osteomyelitis 7.7 %. There 
was also a 5.3 % incidence of symptomatic hard-
ware [35]. The complication data from the cohort 
was further examined based on treatment arm 
in the study. A total of 149 patients underwent 
amputations, and the revision amputation rate 
was 5.4 %. The most common complications 
in this group were wound infection (34.2 %), 
followed by stump revision (14.5 %), phantom 
limb pain and wound breakdown (13.4 % each), 
and stump complications (10.7 %). In the limb 
reconstruction group the most common com-
plication was nonunion (31.5 %), followed by 
wound infection (23.2 %). Of these infections 
8.6 % developed into osteomyelitis. There was 
an incidence of post-traumatic arthrosis of 9.4 % 
and wound necrosis or breakdown of 6.5 %. The 
late amputation group (patients amputated after 
initial discharge) experienced the highest rate of 
major complications (85 %) [35].

This fact clearly highlights the need for appro-
priate decision making in the patient with a man-
gled extremity at the onset of treatment. Although 
there were no late mortalities reported, an inci-
dence of up to 21 % has been reported in the lit-
erature. Bondurant et al. undertook an 
investigation looking at the effects of delayed 
versus primary amputation. There was a signifi-
cant increase in length of hospital stay (22 versus 
53 days) and number of surgical interventions 
(1.6 versus 6.9). The cost was almost double 
($28,964 versus $53,462), and there was a 21 % 
mortality rate in the delayed amputation group 
[6]. It is quite evident that every effort should be 
made to avoid a late amputation given such high 
costs for all involved.

In a prospective cohort study (using LEAP 
study patients), Castillo et al. examined the spe-
cific effect of smoking on complication rate in 
severe open tibia fractures. A total of 268 patients 
with unilateral injuries were followed prospec-
tively. Nonunion rates were significantly higher 
in both the current and previous smoking groups 
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37 yo male
Status post tibia fracture
Grade IIIC
Removal of IM Nail
Possible Exchange

Fig. 13.3 (continued)

Fig. 13.3 A 36-year-old male was accidentally shot in 
the leg with a shotgun during a hunting trip. (a–c) He suf-
fered an open, left-sided grade IIIC tibial shaft fracture 
with marked comminution. He also presented with com-
plete functional deficit to his anterior compartment. He 
was taken to a local trauma center for irrigation and 
debridement (I&D), stabilization with and external fixa-
tion and a saphenous vein revascularization of the popli-
teal artery. Subsequent multiple I&D procedures were 
performed (including compromised bone). A negative 
pressure wound therapy dressing was placed over the 
wound sites. An inferior vena cava (IVC) filter was also 
inserted. (d) On day 3 a reamed, locked tibial intramedul-
lary nail was inserted. (e) At 2 weeks following the injury, 
the patient was transferred to our institution for definitive 
management of his injuries. Repeat I&D was performed, 

the proximal interlocking screw was then removed to 
allow some correction of alignment and a percutaneous 
locking plate and screws was placed along the lateral sur-
face of the tibia and a VAC dressing was applied. (g) 
Radiographs at 19 months illustrate some callus formation 
and a broken proximal interlocking screw. (h, i) Exchange 
IM nailing was planned and performed with placement of 
demineralized bone matrix (DBM) and a bone morphoge-
netic protein-7 (BMP-7) supplement. (j) At the latest fol-
low- up visit at 29 months following revision surgery, he 
presented with good radiographic and clinical findings 
including increased callus formation and consolidation of 
the fracture, well-healed soft tissues, resolution of most 
pain symptoms, a return to activities of daily living and 
some recreational activities including weight training and 
skiing. A slight dorsiflexion lag was still present
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Fig. 13.4 A 17-year-old male was involved in a head-on 
collision with a tractor trailer. After being trapped inside the 
vehicle for approximately 1 h, he was extricated and flown 
to a local trauma center. He was diagnosed with an open, 
Grade IIIC left-sided AO/OTA Type C3.3 distal femur frac-
ture with segmental defect and an ipsilateral tibial shaft frac-
ture. External fixation was placed for initial stabilization and 
antibiotic beads were subsequently placed in the defect at 
3 days following injury. Open reduction and internal fixation 
(ORIF) was performed with placement of an intramedullary 
(IM) locked nail for treatment of the tibial shaft fracture and 
then ORIF of the distal femur fracture with placement of a 
less invasive stabilization system (LISS) locking plate and 
screws. One week later the antibiotic beads were removed 
and the defect was prepared for bone graft placement. A sec-
ond incision was made along the lateral border of the ipsilat-
eral fibula and a free vascularized fibula bone graft was 
harvested for transplant to the femoral defect. It was docked 
in a double barrel fashion and stabilized using screw fixa-
tion. Following surgery he returned for regular follow-up 
visits. Three months after surgery all of the fractures were 
healing with incorporation of bone graft. The LISS plate 
was removed 4.5 years following the initial surgery. The 
clinical and radiographic follow-up illustrated excellent 

results with bony union, full range of motion, and complete 
resolution of pain and return to pre- injury activities. (a) 
Photograph of the vehicle and the scene following the acci-
dent. (b–d) Anteroposterior (AP) X-rays illustrating an AO/
OTA Type C3.3 distal femur fracture with segmental bone 
defect and an ipsilateral tibial shaft fracture. (e–g) AP and 
lateral radiographs following placement of external fixation 
and antiobiotic beads at the site of the segmental bone 
defect. (h) Counterclockwise from top-left; preoperative 
plan, fluoroscopic images showing placement of intramed-
ullary nail for the tibial shaft fracture and locking screws and 
open reduction and internal fixation (ORIF) of the distal 
femur fracture with placement of a LISS locking plate and 
screws. (i–k) Immediate postoperative radiographs demon-
strating adequate fixation and alignment (l) AP radiographs 
illustrating preparation of distal femoral bone defect for 
placement of vascular bone graft. (m) AP X-radiograph fol-
lowing free vascularized fibular bone and placement of 
screw fixation. (n–q) AP and lateral X-rays 3.5 years follow-
ing ORIF showing healed a distal femur fracture with incor-
poration of the fibular bone graft and a healed tibial shaft 
fracture. (r, s) AP and lateral X-rays 8 months following 
removal of LISS plate and screws and 4.5 years following 
fracture surgery
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Fig. 13.4 (continued)
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(37 % and 32 % respectively). The authors were 
able to demonstrate that current smokers were 
more than twice as likely to develop an infection, 
and 3.7 times more likely to have osteomyelitis. 
Previous smoking history was detrimental as 
well, and this group was 2.8 times more likely to 
develop osteomyelitis than nonsmokers. Their 
recommendation was that orthopedic surgeons 
should encourage patients to enter smoking ces-
sation programs [15]. It has been shown that with 
the assistance of a surgeon up to 40 % of patients 
are able to quit smoking [58].

13.7  Predictive Ability of Scoring 
Systems to Predict Final 
Outcome

Some authors have examined the ability of the 
previously discussed scoring systems to predict 
functional outcome following treatment. Durham 
et al. performed a retrospective analysis of upper 
and lower severe extremity injuries to determine 
the validity and ability to predict outcome of the 

predictive indices discussed earlier. For each of 
the four systems analyzed, there were no signifi-
cant differences between patients with good or 
poor functional outcomes [19]. Ly et al. reported 
on the ability of the five most commonly used 
predictive indices (above plus Hannover Fracture 
Scale-98) to determine functional recovery fol-
lowing limb salvage in a cohort of 507 patients 
(LEAP study group). The authors showed that 
none of the scoring systems analyzed were able 
to determine the outcome based on the SIP out to 
24 months following injury [47]. One can con-
clude, based on these two studies, that the com-
monly applied predictive indices may be useful 
in early decision making, but are unable to pre-
dict functional recovery.

13.8  Outcomes Following Limb 
Salvage Versus Amputation

Recent medical and surgical technological 
advances have dramatically improved the surgeon’s 
ability to salvage severely injured extremities. 
Limbs that historically would have been amputated 
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can now be managed with complex reconstruction 
techniques. Although the limb remains viable, it is 
often questioned whether or not the patient would 
have been better served with an amputation. Limb 
salvage patients often still complain of edema, loss 
of motion, pain, decreased sensation, difficultly 
with footwear and ambulation [41]. The end result 
is often a physical, psychological, financial, and 
social cripple with a useless salvaged limb [34, 36].

Hoogendorn and van der Werken looked at the 
long-term outcome and quality of life of patients 
treated with reconstruction versus amputation 
following Grade III open tibia fractures. A total 
of 64 patients were assessed, including 43 with 
successful limb salvage and 21 who underwent 
amputations (including both primary and 
delayed). Lower extremity impairment was deter-
mined using “Guides to the Evaluation of 
Permanent Impairment” of the American Medical 
Association. Quality of life was measured using 
the Nottingham Health Profile (NHP), the SF-36, 
and a questionnaire the authors specifically 
designed for the study examining pain, daily 
function, psychological factors, and handicap 
with working. Patients who underwent amputa-
tions had more severe injuries, and had a higher 
number of vascular injuries (77 % versus 17 %). 
The limb salvage group underwent more opera-
tions and had more complications [41].

Delayed amputations were performed in eight 
patients, most commonly secondary to persistent 
infection and poor soft tissues. They were hospi-
talized twice as long as those who underwent 
primary amputation. Others have shown that 
delayed amputation results in poorer functional 
outcome versus primary amputation [6, 25]. 
From the reported health surveys the authors 
found low scores in both groups but no signifi-
cant differences. In both groups over half the 
patients considered themselves disabled, with a 
slightly higher percentage of patients who had 
amputations reporting difficulty with practicing 
a profession (60 % versus 40 %). Of particular 
interest was that the mean lower extremity 
impairment score was significantly worse for 
amputees (73.5 %) as compared to the limb sal-
vage group (17.6 %). These patients therefore 
perceived a higher level of function than those 
who were amputated [41].

The LEAP study group recently examined 
the functional outcome following limb salvage 
versus amputation. A total of 569 patients with 
severe leg-threatening injuries were studied in 
this multicenter, prospective, observational study. 
Eight level I trauma studies participated in this 
investigation. Functional outcome was measured 
using the sickness impact profile (SIP) and fol-
low- up at 24 months was 84.4 %. Comparisons of 
outcomes for the SIP were adjusted for potential 
confounding variables of the patient characteris-
tics as well as their specific injuries [8]. It was 
noted that patients who underwent amputation 
had more severe injuries, but otherwise did not 
differ from those who had reconstruction [8, 48].

Upon examining final functional outcome there 
were no significant differences in scores between 
either treatment group, although 42 % of the 
patients had scores greater than 10 indicating 
severe disability. Patients who underwent limb sal-
vage were more likely to have been re- hospitalized 
than those who had amputation performed (47.6 % 
versus 33.9 %, p = 0.002). Multivariate analysis 
reveal several factors that were significant factors 
for a poor outcome including: re-hospitalization 
for a major complication, having less than a high-
school education, low household income, having 
no insurance or Medicaid, being nonwhite, smok-
ing, having a poor social-support network, having 
a low-level of self-efficacy, and being involved 
with the legal system for injury compensation. At 
final follow- up, approximately 50 % of patients 
had returned to work and this rate did not differ 
between the two groups [8].

Patients with bilateral mangled extremities 
were excluded from the initial above analysis in 
the LEAP study but were followed prospectively 
and reported on separately. There were a total of 
32 bilateral injuries, of which 14 had bilateral 
salvage, 10 had bilateral amputation, and 8 had 
unilateral salvage/amputation. Forty six percent 
of patients were severely disabled at 24 month 
follow-up as demonstrated by SIP scores >10. 
Once again, the groups where salvage procedures 
were performed had higher re-hospitalization 
rates for complications than the bilateral amputa-
tion group. The return to work rate was higher in 
the unilateral amputation/salvage group, and they 
had faster walking speeds. Examination of all 
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three combinations of treatment of bilateral limb- 
threatening injuries demonstrated similar out-
comes at 2 years. The evidence from this study 
suggested that the disability for bilateral limb- 
threatening injuries is high, but no more so than 
the unilateral group described above. The authors 
therefore concluded that treatment strategies for 
bilateral mangled extremities should be derived 
from the results from the larger cohort study of 
unilateral injuries [66].

MacKenzie et al. later reported on the long- 
term follow up of the original patients included 
in the LEAP study. The main goals of the study 
were to determine if the previously reported 
outcomes improved after 2 years, and whether 
there were any late differences between the 
treatment groups. Of the 569 patients from the 
original cohort, 397 were contacted by phone 
at an average of 84 months post-injury (range 
70–90 months). On average, most of the patients 
reported physical and psychosocial function-
ing that had deteriorated since their 24-month 
follow- up (p<0.05). This increase in SIP scores 
was consistent across both treatment groups. It 
should be noted that patients who underwent 
knee amputations were at the highest risk for a 
poor outcome. More than a third of patients in 
both groups had been re-hospitalized between 2 
and 7 years post-injury. At final follow-up almost 
half of the patients indicated severe disability, 
with SIP scores >10. Only 34.5 % of the cohort 
had a physical SIP subscore typical of the general 
population (<5) [49]. Recently, the LEAP study 
reported on a subset of patients with mangled 
foot and ankle injuries that required free tis-
sue transfer or ankle arthrodesis, and they have 
shown to have SIP outcomes significantly worse 
than below-knee amputation [20].

13.9  Cost of Care

There have been conflicting reports in the litera-
ture over the long-term health-care costs of limb 
salvage versus amputation. Hertel et al. [40] cal-
culated a 15 % higher hospital cost for the recon-
struction patients over those who underwent 
amputation over the first 4 years post-injury [31]. 

Georgiadis also showed that patients who undergo 
reconstruction have higher hospital charges over 
those with primary amputations [25]. Bondurant 
et al. demonstrated a substantially higher hospital 
cost for patients who had delayed amputations 
over those who had primary amputations [6]. The 
LEAP study group found that the average 2-year 
costs for amputation versus reconstruction were 
very similar. When the cost of prosthetic devices 
was included, health- care costs were significantly 
higher for patients who had amputations. The pro-
jected lifetime health-care cost was three times 
higher for patients in the amputation group 
($509,275 versus $163,282). The large number of 
patients in this particular study (545 patients), and 
the fact that this study is much more recent than 
the other mentioned reports, make this data more 
valuable [50].

13.10  The Mangled Upper 
Extremity

Of note are the differences between the mangled 
upper and mangled lower extremity, which must 
be carefully considered by the treating surgeon. 
Critical time for reperfusion is longer in the upper 
(8–10 h) versus the lower extremity (6 h) [69]. 
Bumbasirevic reviewed the literature on the man-
gled upper extremity and found upper limits of 
cold ischemia in the hand and digits up to 24 h 
[10]. A trans-tibial amputation carries a much bet-
ter functional prognosis than a trans-radial ampu-
tation. This is due to the fact that upper extremity 
prostheses do not work as well as lower extremity 
prostheses, that is, both from a functional and an 
aesthetic perspective [10]. Loss of an upper 
extremity is probably emotionally much more dif-
ficult than loss of a lower extremity and might 
warrant more aggressive limb salvage attempts 
[64]. The mangled hand warrants special care and 
attention as was reiterated by Bumbasirevic who 
quoted the famous hand surgeon Bunnell “when 
you have nothing, a little is a lot” [10]. Shortening 
of the humerus to reduce soft tissue defects is tol-
erated well up to 5 cm, and the forearm up to 4 cm 
[10] in contrast to the lower extremity that does 
not tolerate shortening of more than 2 cm. Nerve 
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reconstruction in the upper extremity is done with 
reasonable success, whereas in the lower extrem-
ity many consider major nerve injury an indica-
tion for primary amputation. The rehabilitation 
process is also more imperative when the upper 
extremity is involved with emphasis on the glid-
ing of the tendons, preventing contractures and 
edema [10, 33]. One consistency to both is that 
the MESS has also been shown to be useful for 
predicting amputation following mangled upper 
extremities [65].

13.11  The Pediatric Mangled 
Extremity

The mangled extremity in the child poses its own 
challenges and has not been adequately investi-
gated in the literature. Fortunately, these injuries 
are rare and this is likely the reason for a paucity 
of studies to help guide treatment. Vascular inju-
ries in this population usually involve the femoral 
or brachial arteries, and most commonly result 
from penetrating injuries [52]. The MESS seems 
to have some utility in helping guide treatment, 
although the scoring system fails to be adequately 
specific in this patient population [4, 22, 52]. 
Stewart et al. studied the MESS, LSI, PSI, 
NISSSA, and the Hannover Fracture Scale 1998 
(HFS-98), and none were recommended for use 
as an absolute indication for early amputation in 
children [67]. Of note is that the MESS uses age 
itself as a scoring criterion (no points below age 
30) making comparison between pediatric 
patients difficult. The same holds true for the 
scoring of shock based on systolic blood pressure 
which is known to respond differently to hypovo-
lemia in children. The MESS should therefore be 
used with some caution given the reports seem to 
demonstrate a lower need for amputation and 
limb salvage percentages especially in recent 
years [21, 67]. These complex injuries are rare in 
children and studies on this topic all contain 
fewer than 40 patients, and further investigation 
into this topic is clearly needed. We agree with 
others [52] that at this time the decision for limb 
salvage versus primary amputation still has to be 
made individually in pediatric patients.

13.12  The Mangled Extremity 
and Polytrauma

Severely injured patients that would not have sur-
vived their trauma in the past now survive because 
of improved resuscitation. Mangled limbs that 
used to be considered beyond reconstruction can 
now be salvaged. However, the decision of 
whether to reconstruct or amputate a mangled 
extremity in a polytrauma today still requires 
complex and careful decision making. An undis-
puted rule in polytrauma is “life before limb”, 
meaning life-threatening issues are always 
addressed first. Orthopedic efforts in the initial 
resuscitation of the severely injured patient with 
extremity injury often involve damage control 
orthopedics (DCO) [55, 60, 69]. DCO poly-
trauma patients are typically categorized into 
stable, borderline, unstable, and in extremis. The 
goal of DCO is to minimize subsequent stresses 
after the first hit (i.e., injury) and its effectiveness 
in the context of major orthopedic fractures has 
been shown [55, 60, 68].

The question whether amputation of a man-
gled limb is advisable for a severely injured 
patient cannot be answered [44]. There are no 
clear guidelines with respect to the isolated man-
gled extremities, let alone the polytrauma patient. 
As an exception, utilizing DCO guidelines, sal-
vage of the stable polytrauma patient’s mangled 
limb is possibly the most relevant. For these, 
techniques involving early free tissue transfer 
and internal fixation as proposed by the “fix-and- 
flap” technique might be successful, but require a 
highly specialized trauma center [30]. There are 
not many centers than can provide soft tissue 
coverage with a free flap within 24 h. Recent evi-
dence suggests that the use of VAC for up to 
7 days does not compromise outcome. Others 
have found that the use of VAC has allowed them 
to “step down” the reconstructive ladder, needing 
fewer free vascular transfers [16, 56, 59]. Still, 
for these patients, the decision whether to salvage 
or amputate faces the same dilemmas as for the 
patient with the isolated mangled limb as 
described elsewhere in this chapter.

Borderline patients that stabilize after resus-
citation can undergo early total care (ETC), but 
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reconstructive efforts need to anticipate potential 
deterioration. Long procedures (e.g., “fix-and- 
flap”) are not justified in these patients. Wound 
debridement, revascularization, and external fixa-
tion are all that can be done while a rapid turn for 
the worse should be anticipated. In the unstable 
or in extremis polytrauma patients there might be 
a role for primary amputation as prolonged revas-
cularization and stabilization procedures add to 
the patient’s catabolic state and will increase the 
second hit enormously. Any other reconstructive 
efforts for the extremities are not justified.

Next step in limb salvage should not be under-
taken until the patient has stabilized and is beyond 
the systemic inflammatory response syndrome 
(SIRS) stage. As a rule, timing of second and sub-
sequent major procedures (longer than 3 h) should 
be at least after 4 days [40]. If the limb develops 
evidence of sepsis, early amputation should still 
be considered. The use of fresh warm blood, 
plasma, and recombinant factor VII defined as 
damage control resuscitation before surgery help 
to optimize the physiologic parameters and theo-
retically allows for more prolonged surgical pro-
cedures such as revascularization [24].

 Conclusions

The combination of osseous, vascular, soft- 
tissue, and nerve injury present following 
severe trauma to an extremity make such inju-
ries a challenge to treat. Unfortunately, the 
data regarding the management of the man-
gled extremity are conflicting, and the litera-
ture is without Class I studies. It is therefore 
imperative that an experienced surgical team 
at a trauma center that cares for such patients 
with some regularity care for the patient with 
a complex extremity injury [50]. The treating 
team must always keep in mind the high prev-
alence of associated multisystem trauma and 
systemic problems related to these injuries. 
Even though the treatment goal is limb sal-
vage, it must be kept in mind that in many 
instances a primary amputation might provide 
the best outcome, and can be an imperative 
life-saving procedure in the setting of poly-
trauma. New insights, therapies, and tech-
niques will improve outcomes in even the 

most severely injured patients with complex 
extremity injuries. Good collaboration 
between plastic, orthopedic, and vascular sur-
geons makes an enormous difference in terms 
of limb salvage as well as secondary recon-
struction [23].

As for the mangled limb in these patients it 
is unlikely a scoring system will allow a clear 
cut- off point for amputation versus salvage. 
What has become clear is that primary ampu-
tation should not be considered a treatment 
failure but rather a means of meeting goals of 
treatment [12]. As Hansen pointed out long 
ago, we should not let heroism triumph over 
reason [34].
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Management of Spinal Fractures
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14.1  Incidence

Vertebral column fractures are a heterogeneous 
group of injuries, whose severity varies signifi-
cantly by injury type. In total, fractures of the 
spine occur in 6 % of trauma patients with approx-
imately half of this group having some degree of 
neurologic deficit [1]. The anatomic distribution of 
these injuries vary by region with approximately 
55 % of cases involving the cervical spine, 15 % 
involving the thoracic region, 15 % affecting the 
thoracolumbar region, and the final 15 % of inju-
ries occurring in the lumbosacral region [2]. Once 
a vertebral column fracture is detected, the clini-
cian should carefully examine the entire spine 
since approximately 15–20 % of these patients 
have multiple injuries at noncontiguous levels [3].

14.1.1  Associated Injuries 
and Premorbid Factors

Patients with fractures of the spine frequently 
present with associated injuries to the head, vis-
ceral organs, or appendicular skeleton. In  general, 
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patients with cervical spine fractures are more 
likely to have associated head injuries while those 
with thoracic or lumbar fractures have a greater 
risk of sustaining associated chest or abdominal 
injury. The incidence of these associated injuries 
dramatically increases in the presence of neuro-
logic injury. In fact, 80 % of patients presenting 
with paraplegia or quadriplegia have associated 
injuries and 41 % have documented head injuries 
[4]. The prevalence of these  associated patholo-
gies heightens the importance of performing a 
thorough examination and radiographic review in 
each patient, particularly those who are obtunded 
or intubated. These associated injuries directly 
impact healthcare cost, morbidity, and mortality 
in this population.

14.2  Mortality

The mortality rate of patients with vertebral col-
umn injury is influenced by the presence and 
severity of associated injuries and neurologic 
impairment. Among patients who die prior to 
hospitalization with an identifiable injury, only 
4 % are due to spine injuries [5] and the reported 
90-day mortality rate after thoracolumbar spine 
fracture surgery is 1.4 % [6]. This mortality rate 
increases dramatically in the presence of associ-
ated neurologic injury as the overall mortality 
rate for patients with spinal cord injuries has been 
reported as high as 17 % during the initial hospi-
talization [1]. While still high, the mortality rate 
of these injuries has decreased in recent years 
with modern advances such as more rapid forms 
of transport, enhanced imaging and diagnostic 
capabilities, and improved surgical and rehabili-
tative techniques.

14.3  Prehospital Management

14.3.1  Initial Management

The initial goals of prehospital care in the 
severely traumatized patient with a vertebral col-
umn injury are to provide immediate life saving 
medical interventions while maintaining spinal 
immobilization to prevent further neurologic 

injury. In keeping with these goals, every trauma 
patient should be considered at risk for spinal 
injury as the delayed or missed diagnosis of a spi-
nal injury has been associated with tenfold risk of 
permanent neurologic deficit [7, 8]. First respond-
ers should exercise great care in patient extrac-
tion and transport to mitigate this risk while 
applying the fundamentals of Advanced Trauma 
Life Support (ATLS).

14.3.2  Clinical History 
and Examination

Elements of the initial history and patient evalua-
tion are often helpful in predicting the risk of ver-
tebral column injury. A history of a high-energy 
mechanism, high-speed motor vehicle accident 
(MVA), fall from heights (>4 m), physical signs 
of a head injury with or without unconsciousness, 
pain from the spine, and or neurological signs 
(weakness, radiculopathy, sensory loss) can help 
predict injury to the spine [9]. Findings such as 
hypotension, bradycardia, and warm dry skin are 
also important, as they may be indicative of neu-
rogenic shock. Once recognized, first responders 
should relay this information to the receiving 
facility in order to help facilitate timely and 
appropriate care on arrival.

14.3.3  Immobilization

Patients with suspected spinal injury should be 
immobilized immediately at the scene of the 
accident. Emergency responders should maintain 
patients with a suspected cervical spine injury in 
a neutral position during both transport and 
potential intubation attempts. A cervical collar 
and spine board or a vacuum mattress should be 
applied. In cases of spinal deformity, the patient 
should be immobilized in a position of comfort 
without attempts at reduction in the field environ-
ment. Immobilization with a rigid cervical collar, 
firm spinal board, sandbags, and tape provides 
superior stability than a rigid cervical collar alone 
in patients with cervical injury [10]. In athletes, 
bicyclists, and motorcycle riders, helmets and 
shoulder pads should be left in place until indi-
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viduals trained in their removal are available. 
Facemasks should be removed if access to the 
airway is needed.

14.3.4  Management During 
Transport

Patients with vertebral column injuries require 
strict adherence to immobilization and spinal 
precautions during transport in order to mitigate 
the risk of subsequent neurologic deterioration. 
Loading the patient onto the spinal board and 
subsequent examinations requires logrolling by a 
team of medical professionals or a specially 
designed scoop-stretcher in order to minimize 
spinal motion. Because of the relatively larger 
head size of pediatric patients, a spinal board 
with a head cutout or padding to elevate the trunk 
is necessary to maintain neutral head-neck align-
ment in this population. The development of 
pressure ulcers has been reported in up to 55 % of 
immobilized patients [11]. This risk is increased 
in patients who are unconscious, neurologically 
impaired, or immobilized for an extended period 
(>6 h). To mitigate this risk, a turning program 
should be initiated every 2 h while immobilized. 
Patients on a spine board are also often unable to 
secure their own airway and should be under 
supervision during transportation. Due to the 
possible untoward effects of immobilization 
patients should be evaluated and removed from 
spine boards as quickly as possible.

14.4  In-Hospital Management

The management in the hospital continues 
according to the principles of ATLS (Fig. 14.1).

14.4.1  History

The patient, eyewitnesses, paramedics, and emer-
gency physicians should be questioned regard-
ing the circumstances of the accident in order to 
determine the direction of force and mechanism 
of injury. Extrication from motor vehicle and trau-
matic brain injuries are associated with high risk of 

spinal injury [12]. In the ER setting, it is important 
to request information on the injury to continue 
the workup of spinal trauma. If stable and alert 
on admission, the patient should be asked about 
drug intake, pain from other injuries that could 
distract from the spine injury, as well as the type 
and mechanism of motor vehicle collision, and the 
onset of neck pain. A subset of fully awake and 
cooperative patients may have their cervical spine 
cleared based on careful and history and physical 
examination alone (Table 14.1).

14.4.2  Initial Management

The initial evaluation and management of a poly-
traumatized patient with a spinal injury should 
follow standard ATLS principles in a stepwise 
fashion (Fig. 14.1).

14.4.2.1  Ventilation
Establishing a patent airway is of utmost impor-
tance in the patient with vertebral column injuries as 
these patients may suffer from inadequate respira-
tory function due to concomitant rib fractures, facial 
injuries, paralysis of the diaphragm, or other inju-
ries. In patients requiring intubation, maintenance 
of spinal alignment is critical. This procedure is best 
performed by nasotracheal tube or by fiber-optic 
procedures in conjunction with inline cervical trac-
tion. Regardless of the adjuvant tools used to estab-
lish an airway, avoiding extreme cervical extension 
is critical as this position narrows the spinal canal 
more than positions of flexion [12].

14.4.2.2  Circulation
Once an airway is secured, attention should turn to 
ensuring appropriate end organ perfusion and 
potentially avoid secondary ischemic injuries to 
the spinal cord. A spinal cord injury may cause 
vasospasm due to dysfunction of blood flow auto 
regulation. The hallmarks of neurogenic shock are 
hypotension, due to loss of sympathetic  vascular 
tone; and bradycardia, due to loss of sympathetic 
innervations of the heart. If  neurogenic shock is 
present, fluid resuscitation is a vital first interven-
tion and follows the treatment principles used for 
brain injury. Central venous catheter and arterial 
lines are required for assessment of heart rate, 

14 Management of Spinal Fractures



190

blood pressure, and perfusion, while urinary cath-
eters monitor urine output. The early use of blood 
products is recommended in the multiple injured 
patients with an associated spinal cord injury to 
maximize the oxygen- carrying capacity and to 
minimize the secondary ischemic injury to the 
 spinal cord. Early use of vasopressors such  
as dopamine or atropine is recommended to 
 maintain spinal cord perfusion. While the goal in 

many trauma centers is to maintain the MAP 
>85 – 90 mmHg, the overall objective is to avoid 
hypotension in order to protect the cord from 
 further neurologic injury and potentially improve 
neurologic recovery [13–15].

14.4.2.3  Physical and Neurological 
Examination

Once airway and circulatory concerns are 
stabilized, the provider should devote atten-
tion to performing a complete physical and 
 neurologic examination. Often during the 
course of  examination, inspection and palpa-
tion can provide important clues to help iden-
tify both associated and concomitant levels of 
spinal injury. For example, a transverse band 
of ecchymosis across the abdomen can suggest 
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Fig. 14.1 ATLS® algorithm and spine trauma assess-
ment. In step A, cervical spine (C-Spine) protection is 
essential. Every unconscious patient is stabilized by a stiff-
neck orthosis. Patients with signs of chest injury in step B 
and abdominal injury in step C, especially retroperitoneal, 
are highly suspicious for thoracic and/or lumbar spine 
injury. Normal motor examination and reflexes do not rule 
out significant spine injury in the comatose patient. 
Abnormal neurologic examination is a sign for substantial 

spinal column injury including spinal cord injury. Log roll 
in step E is important to assess the posterior elements of 
the cervical to the sacral spine and looking for any signs of 
bruising, open wounds, tender points, and palpation of 
paravertebral tissue and posterior spinous processes in 
search for distraction injury. Spine precautions should only 
be discontinued when patients regain consciousness and 
are able to communicate sufficiently on spinal discomfort 
or neurologic sensations before the spine is cleared

Table 14.1 Criteria for cervical spine clearance based 
on history and physical examination alone

Fully alert
Not intoxicated
Involved in isolated blunt trauma
Neurologically normal
No midline tenderness to palpation
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a  flexion-distraction type of injury caused by 
a seat belt and may help predict an associated 
intra-abdominal injury. Similarly, bruising along 
the rib cage may suggest a thoracic fracture. 
When the patient is log- rolled in ATLS® step 
“E,” any spontaneous pain from spine is noted as 
well as local hematomas. The spine must be pal-
pated systematically for tenderness, step-off, or 
interspinous process gapping. During this por-
tion of the examination it is also critical to per-
form a rectal exam. Elements of the rectal exam 
that should be noted include perianal sensation, 
 rectal tone, voluntary contraction, and presence 
of the  bulbocavernosus reflex. In awake and 
cooperative patients, the American Spinal Injury 
Association (ASIA) has provided a useful tem-
plate for the essential elements of a complete 
neurologic examination (Fig. 14.2) [16]. In this 
system, the level of neurologic injury is deter-
mined by performing objective strength test-
ing in ten myotomes and both light touch and 
pinprick sensation in 28 dermatomes. From this 
examination the motor, sensory, and neurologic 
levels of injury can be elucidated and an impair-
ment classification can be assigned (Table 14.2). 
Throughout the course of the encounter, provid-
ers should remain mindful of associated injuries 
such as fractures, peripheral nerve injuries, and 
traumatic brain injuries due to their potential 
effects on the patient’s examination.

The unconscious patient can often be diffi-
cult to examine. In these situations, questioning 
first responders on observations in the field and 
in transport may help preliminarily detect neu-
rologic deficits. In patients without radiographic 
injury, serial reexaminations should be per-
formed until a complete assessment is possible. 
In patients with radiographic evidence of a verte-
bral column injury, providers may also consider 
obtaining a magnetic resonance imaging (MRI) 
to directly assess for injury to the neurologic ele-
ments in addition to serial examinations.

14.4.2.4  Classification of Neurological 
Injury

Upon identification of a neurologic deficit, pro-
viders should attempt to classify the level of 
injury in an accurate and reproducible manner. 
The ASIA classification is a commonly employed 

and widely accepted modification of the Frankel 
grading system (Table 14.2). Within this system, 
the distinction of complete and incomplete inju-
ries hinges on the presence or absence of the 
motor and sensory function of the lowest sacral 
segment (sacral sparing). Sacral sparing repre-
sents at least partial structural continuity of the 
white matter long tracts. Clinically, it is demon-
strated by perianal sensation, rectal motor func-
tion, and great toe flexor activity. This distinction 
has important prognostic implications as sacral 
sparing has been shown to predict neurologic 
improvement and improved chances of regaining 
the ability to ambulate [17, 18].

Table 14.2 ASIA Impairment Scale (AIS)

A = Complete. No sensory or motor function is 
preserved in the sacral segments S4-5.
B = Sensory Incomplete. Sensory but not motor 
function is preserved below the neurological level and 
includes the sacral segments S4-5 (light touch or pin 
prick at S4-5 or deep anal pressure) AND no motor 
function is preserved more than three levels below the 
motor level on either side of the body.
C = Motor Incomplete. Motor function is preserved 
below the neurological levela, and more than half of key 
muscle functions below the neurological level of injury 
(NLI) have a muscle grade less than 3 (Grades 0–2).
D = Motor Incomplete. Motor function is preserved 
below the neurological levela, and at least half (half or 
more) of key muscle functions below the NLI have a 
muscle grade > 3.
E = Normal. If sensation and motor function as tested 
with the ISNCSCI are graded as normal in all 
segments, and the patient had prior deficits, then the 
AIS grade is E. Someone without an initial SCI does 
not receive an AIS grade.

Reprinted with permission from the American Spinal 
Injury Association: International Standards for 
Neurological Classification of Spinal Cord Injury, revised 
2013; Atlanta, GA. Reprinted 2014
NOTE: When assessing the extent of motor sparing below 
the level for distinguishing between AIS B and C, the 
motor level on each side is used, whereas to differentiate 
between AIS C and D (based on proportion of key muscle 
functions with strength grade 3 or greater) the neurologi-
cal level of injury is used
aFor an individual to receive a grade of C or D, i.e., motor 
incomplete status, they must have either (1) voluntary anal 
sphincter contraction or (2) sacral sensory sparing with 
sparing of motor function more than three levels below the 
motor level for that side of the body. The International 
Standards at this time allows even nonkey muscle function 
more than 3 levels below the motor level to be used in 
determining motor incomplete status (AIS B versus C)
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Spinal Shock
In complete transections of the spinal cord, spinal 
areflexia occurs. This state is named spinal shock. It 
is clinically graded by testing the bulbocavernosus 
reflex, a spinal reflex mediated by the S3–S4 region 
of the medullary cone. If no evidence of spinal cord 
function is noted below the level of injury, and the 
bulbocavernosus reflex has not returned, no deter-
mination can be made regarding the lesion or the 
patient’s prognosis. After 24 h, most patients 
emerge from spinal shock, as observed by the return 
of sacral reflexes [19]. If no sacral function exists at 
this point, the injury is considered complete and the 
probability of neurologic recovery is low. One 
exception is a direct injury to the conus medullaris 
where some functional recovery typically occurs. 
These patients may also have persistent absence of 
the bulbocavernosus reflex as a result of direct 
injury to the sacral portion of the spinal cord.

Incomplete Spinal Cord Injury Syndrome
Incomplete spinal cord injury can present as one 
of the following syndromes.

Anterior cord syndrome implies complete 
motor and sensory loss except retained trunk and 
lower extremity deep pressure sensation and 
 proprioception. Only one out of ten patients has a 
chance of recovery.

Central cord syndrome represents central gray 
matter destruction with preservation of just the 
peripheral spinal cord structures. The patient usu-
ally has tetraplegia with preserved perianal 
 sensation. Often, there is early return of bowel 
and bladder control. The neural axons nourishing 
the upper extremity pass more medial than the 
axons to the lower extremity. Therefore, the leg is 
stronger than the arm. The most common cause is 
cervical hyperextension injury in patients with 
narrow spinal canals. This injury can be mechani-
cally stable. The syndrome has a good prognosis 
with recovery up to 75 %.

Brown-Séquard syndrome (lateral cord syn-
drome) is a unilateral cord injury, often caused by 
penetrating trauma. It is characterized by loss of 
motor deficit ipsilateral to the spinal cord injury 
and contralateral pain and temperature hypoes-
thesia. This syndrome usually has a good progno-
sis with most patients regaining bowel and 
bladder function and ability to walk.

Conus medullaris injury affects both the sacral 
most portion of the spinal cord and the lumbar 
nerve roots. As such, it presents as both an upper 
and lower motor neuron injury. These patients 
exhibit variable lower extremity weakness, pares-
thesia (particularly in the perianal region), bowel 
incontinence, poor rectal tone, and overflow uri-
nary incontinence.

Cauda equina syndrome affects only the lower 
motor neurons in contrast to conus medullaris 
injuries. Symptoms of cauda equina include 
bowel and bladder dysfunction, saddle anesthe-
sia, and variable amounts of radicular weakness 
and paresthesia. In these injuries, the prognosis 
for recovery depends largely on the time until 
decompression(<48 h) and the extent of the pre-
operative symptoms [20, 21].

14.4.3  Spinal Imaging

Recent advances in imaging techniques and 
availability have contributed to the delivery of 
more rapid and improved care to the multiply 
injured patient. Despite these advances, the rate 
of delayed or missed diagnosis of vertebral col-
umn injury has been reported as high as 16.5 % in 
North American trauma centers [22]. This alarm-
ing rate of delayed recognition or missed spinal 
fractures heightens the importance of both 
obtaining and carefully evaluating appropriate 
imaging studies in these cases.

14.4.3.1  Plain Film Radiography: 
Primary Assessment

Plain radiographs have long been mainstays in 
the radiographic evaluation of trauma patients 
due in part to their cost, wide availability, and 
portability. In modern trauma centers, these stud-
ies can often be obtained rapidly in the trauma 
bay without the need to transport a critically 
injured patient. Though these benefits are obvi-
ous, plain radiographs are often limited by the 
poor specificity and potential difficulty evaluat-
ing transitional areas of the spine such as the cra-
niocervical and cervicothoracic junctions. In the 
cervical spine, the percentage of plain radio-
graphs that provide adequate visualization ranges 
from 27.8 to 48 % [23, 24]. In regards to specificity, 
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a meta-analysis comparing plain radiographs to 
computed tomography (CT) in the detection of 
cervical spine fractures demonstrated that plain 
radiographs were only able to identify only 52 % 
of injuries while 98 % were seen on CT [25]. 
This low specificity and difficulty obtaining ade-
quate films coupled with increased availability of 
CT has limited the current use of x-ray in many 
modern trauma centers.

14.4.3.2  Computed Tomography: 
Secondary Assessment

In most trauma centers, CT has replaced plain 
radiographs as the primary tool for evaluation of 
the polytrauma patient with spinal injuries 
because of its established role in screening for 
concomitant brain, visceral, or bony injuries and 
improved accuracy. In a prospective study com-
paring orthogonal radiographs of the thoracolum-
bar spine to helical truncal CTs, Hauser and 
associates demonstrated superior sensitivity and 
specificity as well as superior positive and nega-
tive predictive values using CT in a traumatized 
population [26]. CT has also been shown to 
require less time with similar cost compared to 
using plain radiographs alone in an emergency 
room setting when comparing patients that have 
inadequate x-rays performed initially or require 
CT secondary to neck pain [24, 27].

The use of CT as an imaging modality also 
helps surgeons assess the stability of various 
spine fractures by demonstrating better bony 
detail while minimizing radiographic overlap. In 
a cervical sagittal CT scan, a displacement of 
more than 3.5 mm as well as segmental kyphosis 
of more than 11°may account for instability [28]. 
A widened intervertebral space and facet joint 
distraction of more than 50 % represent unstable 
discoligamentous injury [29]. Bony avulsion 
injuries of the anterior or posterior portions of 
both upper and lower vertebral endplate might 
indicate a rupture of the anterior or posterior lon-
gitudinal ligaments. At C1, this accounts for bony 
avulsion injuries of the transverse ligament. The 
frontal and axial CT reconstructions should rule 
out rotational offset of the vertebral segment, 
which indicates rotational instability with special 
attention to the C1-2 area. In the thoracolumbar 
region, a loss of more than 50 % of vertebral 

height, sagittal angulations of more than 25°, spi-
nal canal encroachment more than 50 %, and 
increased interspinous distances are associated 
with unstable spine injuries [30, 31]. This 
enhanced ability to visualize specific injury pat-
terns helps surgeons determine and predict the 
success of their treatment plans.

14.4.3.3  Computed Tomography 
Contrast Angiography

Blunt cerebral vascular injuries (BCVI), primar-
ily arterial dissection, may occur in association 
with cervical spine trauma [32]. Early diagnosis 
and treatment reduces morbidity (stroke) and 
mortality in patients with vertebral artery injuries 
[33, 34]. While catheter angiography has been 
the historic gold standard, it is invasive. Currently, 
routine screening with MR angiography and 
16-slice CT angiography can be performed in the 
initial radiologic workup [35]. Trauma victims 
with any of the following signs or symptoms 
should be considered to have BCVI until proven 
otherwise: coma unexplained by CT; neurologic 
deficit, including hemiparesis, transient ischemic 
attack, Horner’s syndrome, oculosympathetic 
paresis or vertebrobasilar insufficiency, and evi-
dence of cerebral infarction on CT; arterial hem-
orrhage from neck, mouth, nose, ears, large or 
expanding cervical hematoma, and cervical bruit 
in a patient younger than 50 years; fracture sub-
luxation in cervical spine at any level, fractures 
from C1 to C3, and fractures into the transverse 
foramen at any level; and displaced mid-face 
fracture (LeFort II or III), basilar skull fracture 
with carotid canal involvement, closed head 
injury with consistent diffuse axonal injury, neck 
belt sign or significant swelling, and near hang-
ing with anoxia [36, 37]. The timely recognition 
and treatment of these associated vertebral artery 
injuries can help prevent stroke and associated 
neurologic injuries.

14.4.3.4  Magnetic Resonance Imaging
The role of magnetic imaging in the evaluation of 
patients with vertebral column injuries is currently 
being defined. This imaging modality provides 
superior visualization of the disc complexes, liga-
ments, and the spinal cord. While the routine use of 
MRI may improve provider’s ability to detect 
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purely ligamentous injuries, the clinical signifi-
cance of this increased sensitivity remains in ques-
tion. Stassen and associates detected 13 ligamentous 
injuries in 44 obtunded patients (30 %) with no 
evidence of injury on helical CTs. None of the inju-
ries detected on MRI alone required more than a 
rigid collar for treatment [38]. In a larger study 
examining 1577 patients with plain films and CTs, 
Diaz et al. obtained MRIs in 85 patients without 
fracture who could not be cleared and found 14 
purely ligamentous injuries that were not detected 
by CT. However, none of these injuries required 
surgical treatment [39]. While the routine use of 
MRI in awake, neurologically, radiographically 
normal patients may not prove cost effective, it 
should be considered in cases of neurologic injury, 
cervical spine clearance in the obtunded patient 
population and evaluation of patients with persis-
tent midline pain, and normal CTs.

14.4.4  Hospital Resuscitation: 
Workup

In the acute phase of recovery, patients with 
spinal cord injury benefit from admission into 
an intensive care setting. Management in this 
 environment allows providers to closely moni-
tor the patient’s neurologic status, aggressively 
resuscitate any fluid deficits present, and opti-
mally maintain hemodynamic parameters. A 
recent systematic review demonstrated that early 
ICU care was associated with decreased mortal-
ity and decreased cardiovascular and pulmonary 
morbidity [40]. These results underscore the 
need for both close monitoring and aggressive 
care in these injuries.

14.4.5  Cervical Traction

Cervical traction can improve cervical spine 
deformity, decompress nerves, and provide tem-
porizing stability until more definitive means can 
be employed. In patients with unstable cervical 
spine fractures who cannot undergo immedi-
ate operative stabilization, halo ring application 
can often provide an efficient means of obtain-
ing improved stability with minimal risk to the 

patient until definitive stabilization can be per-
formed. Heary et al. found no cases of neuro-
logic deterioration in 77 patients whose unstable 
cervical fractures were stabilized in a halo vest 
while further diagnostic studies and both neuro-
surgical and nonneurosurgical procedures were 
performed [41]. The principles for halo ring/cer-
vical tong application have been well described 
[42–45]. Adherence to established application 
guidelines is critical to minimize morbidity such 
as pin penetration, pin site infection, peripheral 
nerve injury, and neurologic deterioration.

14.4.5.1  Spinal Cord Injury Units

Neuroprotective Drugs
In patients with spinal cord injury, neural damage 
occurs both as the result of the inciting trauma 
(primary injury) and the bodies initial response to 
injury (secondary injury). This secondary injury 
mechanism has been studied, and different neu-
roprotective substances have been tried to miti-
gate its consequences. Of these pharmacologic 
agents, corticosteroids are the most widely inves-
tigated. While early studies showed improved 
neurologic outcomes with their use, subsequent 
investigations have failed to document discern-
ible benefits while documenting significant risks 
associated with the administration of high dose 
steroids [46–50]. These conflicting studies make 
the role of steroids in the routine treatment of 
patients extremely controversial. Currently, ste-
roids are not routinely used in complete injuries, 
injuries from penetrating trauma, or in cases of 
delayed presentation. Their use in other situa-
tions is often dictated by the judgment of the 
treating physician and institutional norms.

Stroke Prevention
Blunt cerebral vascular injuries (BCVI), primar-
ily arterial dissection, may occur in association 
with cervical spine trauma [32]. Early diagnosis 
and treatment reduces morbidity and mortality 
in patients with these injuries [51]. In patients 
with a known BCVI, antithrombotic therapy in 
form of antiplatelet (aspirin) and or anticoagula-
tion (heparin) should be started, if there are no 
contraindications, and endovascular consultation 
should be obtained.
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Thrombosis Prophylaxis
Due to the frequent requirements for early immobi-
lization and their associated injuries, patients with 
vertebral column fractures are at an increased risk 
of developing a deep venous thrombosis (DVT). 
This risk is increased in the presence of neurologic 
deficit as these injuries cause low smooth muscle 
tone in peripheral vessels and promote venous sta-
sis. As a result of these risks, providers should 
develop a comprehensive plan focused on DVT 
prevention that includes early mobilization, 
mechanical prophylaxis, and pharmacologic anti-
thrombotic agents, if not contraindicated.

14.5  Treatment

The goals of treatment for all vertebral column 
injuries are to prevent or reverse neurologic injury, 
to augment spinal stability for early mobilization, 
and to promote fracture healing while maintain-
ing acceptable alignment. While recent advances 
in surgical techniques and  instrumentation have 
increased the safety and efficacy of operative 
treatment in select injury patterns, the majority of 
all vertebral column fractures are still effectively 
treated with nonoperative management.

14.5.1  Nonsurgical Treatment

14.5.1.1  External Orthoses
Spinal orthoses are a major component of the non-
operative treatment of spinal fractures. They restrict 
spinal motion by acting indirectly to reinforce the 
intervening soft tissue. Despite the heterogeneity of 
designs, the functions of all braces are analogous 
and include restriction of spinal movements, main-
tenance of spinal alignment, reduction of pain, and 
support of the trunk musculature. While many 
orthoses can prove helpful in achieving these goals, 
none are able to fully restrict motion, compliance is 
often difficult to ensure and all require careful fit-
ting to maximize efficacy while limiting complica-
tions. Providers should understand the advantages 
and limitations of a number of devices to make 
informed decisions and maximize the effectiveness 
of nonoperative treatment.

14.5.1.2  Cervical Braces: Rigid Collars
Rigid collars are frequently used to treat cervical 
fractures. Examples of rigid collars include 
Miami J, Philadelphia, and Aspen. Inherent limi-
tations of these devices are the relatively small 
contact area afforded between the mandible and 
clavicle, the lack of endpoint control of either the 
head or thorax, and restrictions on how much 
external pressure these devices can apply. 
Because of these limitations, rigid collars are 
effective in restricting sagittal motion but are less 
effective in limiting rotation and side bending 
[52]. These orthoses also tend to lose effectiveness 
in both the upper (occiput-C2) and lower levels 
(C6-7) of the cervical spine [53]. In situations 
where more cephalad or caudal immobilization is 
required, providers should consider the use of 
devices like a Halo vest or Minerva brace.

14.5.1.3  Thoracolumbar Orthoses
In the thoracic spine, the rib cage provides some 
natural support for fractures. The upper thoracic 
region (T5) and above is a very difficult region to 
immobilize with an external orthosis, often requir-
ing immobilization with a halo vest or cervicotho-
racic orthosis (CTO). Spinal fractures from T8 to 
L2 are typically braced with a three- point fixation 
system (Jewett brace) that maintains extension of 
the thoracolumbar area or with a custom molded, 
hard shell orthosis (Body Jacket). Below L3, a 
lumbosacral orthosis is used for support. In order 
to increase the immobilization at the lumbosacral 
junction, a leg extension can be fitted to the ortho-
sis to assist in limiting motion across the pelvis. 
Casting is another option for lumbar and thoraco-
lumbar fractures and can provide better support 
and eliminate concerns of noncompliance.

14.5.2  Surgical Treatment

Only a small select group of unstable spine inju-
ries with or without neurologic association merit 
surgical treatment. The primary goals for the 
surgical treatment are decompression of com-
promised/threatened neuronal elements and aug-
mentation of spinal stability. The spinal fracture, 
patient, and associated injury/factors have to be 
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interpreted before surgery is chosen as a treat-
ment option. Controversy persists in the surgical 
community regarding the optimal treatment of 
many traumatic spinal injuries, especially regard-
ing timing of surgical intervention and type of 
surgical approach employed in various situations.

14.5.2.1  Damage Control Spine 
Surgery

Frequently, the question arises as to which patient 
needs definitive surgery according to the princi-
ples of early total spine care and which patient is 
in need of a staged procedure after initial stabili-
zation. Since no data exists for the multiple 
injured patients with spine trauma, one has to 
adopt information from general trauma [54–56]. 
Hemodynamically unstable patients with signs of 
shock, suffering from the lethal triad of hypother-
mia, coagulopathy, and acidosis, have high mor-
tality rates and should undergo delayed or staged 
definitive fixation [57]. Since no definitive cutoff 
parameters are defined to help determine which 
patients may tolerate early definitive care, deci-
sion making should occur on an individual basis.

14.5.2.2 Surgical Timing
There are many factors that influence the optimal 
surgical timing in the multiply injured patient 
with spinal fractures. Variables such as neuro-
logic injury, concomitant injuries, hemodynamic 
stability, and institutional ability to perform often 
complex and lengthy procedures should all be 
considered by the treating team in determining 
the optimal time for surgery. In general, early 
fixation of spinal fractures allows for quicker 
mobilization and decreases the risk of pulmo-
nary, skin, and gastrointestinal complications 
often seen in this patient population.

The optimal timing of surgery in the face of 
neurologic injury remains a controversial and 
understudied topic. In animal trials, multiple 
investigators have shown improved neurologic 
recovery with early decompression of the spinal 
cord [58–60]. While these preclinical studies 
present convincing evidence that early decom-
pression may lead to improved neurologic out-
comes, the controlled nature of these spinal cord 
injury studies as well as the frequently used short 

time to decompression, 30–180 min from injury, 
limit the transferability of this information to 
human populations. Though the majority of data 
in human subjects has been derived from retro-
spective reviews, a recent large multicenter pro-
spective cohort demonstrated significantly higher 
rates of neurologic recovery, defined as >2 AIS 
grades, in patients undergoing early surgical 
decompression (14.2 ± 5.4 h) compared to those 
treated in a delayed fashion (48.3 ± 29.3 h) with 
similar complication rates between the two 
groups [61]. While promising, the results of this 
investigation should be interpreted carefully as 
only 20 % of patients in the early surgical cohort 
achieved significant neurologic improvement at 
6 months. Despite the limitations of the existing 
literature, early surgical decompression should 
be considered in hemodynamically stable patients 
with neurologic deficits when the appropriate 
resources and personnel are available.

Surgical Options
With recent advances in surgical techniques and 
instrumentation, modern surgeons have unprece-
dented options to effectively treat spinal frac-
tures. Though many injuries can be safely 
addressed with a variety of surgical strategies and 
approaches, a few considerations may help guide 
the decision making process. In cases of burst 
fractures with spinal canal compromise, anterior 
approach surgeries allow more effective decom-
pression and tend to provide more stability than 
posterior decompression and fusion techniques 
[62, 63]. Three column injuries, treated with 
anterior instrumentation, typically require poste-
rior fixation or postoperative bracing to augment 
the injured posterior ligamentous structures [64]. 
These circumstances heighten the importance of 
close scrutiny of all preoperative imaging studies 
as well as the need for familiarity with a number 
of surgical options and approaches.

14.5.3  Special Situations

14.5.3.1 Gunshot/Open Injury
Gunshot wounds represent a distinct type of pen-
etrating trauma with a unique treatment as decom-
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pression does not improve recovery if the bullet 
traverses the canal without any residual mass 
effect on neural elements [65]. For complete and 
incomplete neural deficits at the cervical and tho-
racic levels, operative decompression is of little 
benefit and can lead to higher complication rates 
than nonoperative management. Operative indi-
cations in these injuries include plumbism, an 
intracanal copper bullet, persistent cerebrospinal 
fluid leak, or new onset of neurologic deficit. With 
gunshots to the T12 to L5 levels, better motor 
recovery has been reported after intracanal bullet 
removal than with nonoperative treatment [66]. 
Debridement and removal of the bullet is also an 
option during laparotomy for abdominal injury. 
Finally, in cases where the  projectile traverses the 
oropharynx or intestine, intravenous broad-spec-
trum antibiotics should be administered for 3 days 
as prophylaxis against infection.

14.5.3.2  Ankylosing Spondylitis (AS), 
Diffuse Idiopathic Skeletal 
Hyperostosis (DISH)

AS and DISH are related disorders where the 
individual spinal segments spontaneously fuse 
over time. As these segments ankylose, the spine 
begins to function similar to other long bones in 
the body. Because of this, fractures in these 
should be considered unstable until proven other-
wise. These patients usually have a preinjury 
deformity, and their normal alignment should be 
maintained throughout their workup and eventual 
treatment. Strict logroll precautions are used until 
definitive management has been decided. These 
patients also have a propensity to develop epi-
dural hematomas with even minor fractures that 
can lead to severe neurologic deficits. As a result, 
they should be monitored closely with frequent 
neurologic checks in the acute period after admis-
sion. Prompt decompression and fixation should 
be performed if a deficit does develop. Due to the 
altered spinal biomechanics, this patient popula-
tion often requires long segment fixation.

14.5.3.3 Pediatric Patients
In children, ligamentous injuries are more frequent 
than bony injury. These pediatric injury patterns 
transition to adult types at 11 years of age. Most 

pediatric injuries occur in the upper cervical spine 
between the occiput and C3 because the ratio of 
mass between the head and the body is dispropor-
tionate at this location. Spinal cord injury without 
radiographic abnormality (SWICORA) com-
monly occurs in children younger than 11 years. 
The mechanism of these injuries is not fully under-
stood but is likely to be a fracture of the cartilagi-
nous vertebral endplate, which in turn leads to 
distraction of the cord and ischemic injury. 
Children with spinal tenderness or questionable 
radiographic findings should be treated with 
immobilization until their symptoms resolve.

14.5.3.4 Geriatric Patients
The high incidences of both spondylosis and 
osteoporosis present many challenges in treating 
geriatric patients with vertebral column fracture. 
Degenerative spinal stenosis results in a higher 
prevalence of associated spinal cord injury even in 
the face of stable spinal injuries in older patients. 
The optimal treatment of these typically central 
cord injuries is controversial at present. With the 
high incidence of osteoporosis in this population, 
these patients can also develop unstable fractures 
from even low energy mechanisms. Treatment of 
these injuries are often demanding, as older 
patients tolerate external bracing poorly, and surgi-
cal interventions often carry an additional risk of 
complications due to age-related medical condi-
tions and the difficulties achieving stable fixation. 
In addition, Halo vest treatment is associated with 
a high mortality rate and should typically be 
avoided in patients over the age of 65.

14.6  Clinical Outcomes

The clinical outcome of patients with spinal inju-
ries is difficult to assess as most of the available 
literature focuses on isolated spinal injuries. 
Logically, patients with spine injuries and multiple 
other severe injuries have a higher rate of disabil-
ity, occupational handicap, and risk for ongoing 
incapacitating pain [67]. A 5-year follow- up study 
by McLain et al. assessed functional outcome in 
patients with thoracic, thoracolumbar, or lumbar 
fractures as a result of all high-energy trauma [68]. 
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In this study, 38 % percent of those analyzed were 
considered polytrauma patients (ISS >26). Overall 
44 % of patients had functional limitations at final 
follow- up. Of this group, neurologic injury had the 
largest impact on ultimate functional outcome.
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15.1  Introduction

The management of the multiply injured patient 
improved significantly in the 1960s and 1970s in 
a number of countries. Specialist trauma centres 
were established and the importance of early 
resuscitation and surgical treatment was appreci-
ated. There was however very little interest in the 
management of the severely injured elderly 
patient until the 1980s when a number of papers 
on this topic were published. In 1984, Oreskovich 
et al. [1] published the results of the treatment of 
100 consecutive patients who were older than 
70 years of age. They documented a 15 % mortal-
ity but noted that while 85 % of their patients sur-
vived, 88 % of them did not return to their 
previous level of independence. They also 
observed that the Injury Severity Score (ISS) [2] 
was not predictive of survival in this elderly 
group.

DeMaria and his colleagues [3] took a some-
what more optimistic view of the benefits of 
aggressive trauma care in the multiply injured 
elderly. In 1987, they published the results of 63 
survivors of blunt trauma who were over 65 years 
of age. They pointed out that the overall level of 
injury was moderate with a mean ISS of 15.8 and 
that only 62 % of their patients had injuries in 
two or more body regions but that 71 % of the 
patients had pre-existing cardiovascular disease. 
Prior to injury 97 % of the patients were indepen-
dent but after treatment and rehabilitation, 89 % 
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of patients returned to an independent existence 
although they pointed out that these patients 
tended to be younger and to have had a shorter 
hospital stay and fewer complications. Of the 12 
patients in their study who were aged 80 years 
or more 8 (66.6 %) returned home. Their con-
clusion was that aggressive support of the elderly 
was justified as few required permanent nursing 
home care and the majority returned to indepen-
dent living.

This study also examined the factors related to 
failure to survive trauma in older patients. The 
authors showed that non-survivors were older 
and had more severe overall injury. They also had 
more serious head and neck trauma but there was 
no difference in the severity of non-head and 
neck trauma, the mechanism of injury or the 
requirement for surgery. Non-survivors had more 
frequent complications including a higher preva-
lence of cardiovascular complications and a 
greater requirement for ventilation for 5 or 
more days. They took the view that a number of 
complications were potentially avoidable and 
therefore aggressive treatment of geriatric trauma 
was indicated.

Champion et al. [4], in 1989, analysed data 
from 3833 patients aged 65 years or more in the 
Major Trauma Outcome Study (MTOS) and 
showed that 20.7 % of older patients injured in 
motor vehicle accidents died. In this analysis they 
pointed out that 28.2 % of the elderly patient 
group had been injured in motor vehicle accidents 
compared with 40.6 % who had been injured in 
falls and that 11.7 % of this latter group had died. 
They concluded that the perception of injury as a 
disease of the young resulted in people failing to 
recognise the importance of trauma in the elderly. 
They suggested that trauma systems and trauma 
centres might be put in place to treat elderly 
patients. Champion and his colleagues [5] also 
analysed a group of 180 elderly trauma patients 
aged 65 years or more and compared their results 
with a similarly injured group of younger patients. 
They also used a nationally collected database to 
analyse mortality at different ages. They showed 
that mortality increased with age and that this 
increase occurred at all ISS scores, in all mecha-
nisms of injury and in all body regions. Older 

patients had higher complication rates and this 
was particularly true for pulmonary and infectious 
complications. They theorised that triaging 
elderly trauma patients to trauma centres at a 
lower threshold of injury to similarly injured 
younger patients would be beneficial.

Since these papers were published there has 
been an increasing awareness of the importance 
of trauma in the elderly population, this usually 
being defined as patients aged at least 65 years of 
age. However there are difficulties in defining 
what constitutes severe trauma in the elderly pop-
ulation. Superficially the concept of severe injury 
is straightforward and one can specify that the 
ISS should be at least 16 or that there should be 
injuries in multiple body systems. However 
Champion et al. [4] pointed out that there was a 
significant mortality following simple falls and 
that in the elderly population an ISS of 0–8 was 
associated with a mortality of 2.9 % and a com-
plication rate of 16.2 %. An ISS of 9–15 was 
associated with a mortality of 6.9 % and a com-
plication rate of 31.1 %. It is now generally 
accepted that in the elderly population the mor-
tality of low-energy injury is relatively high and 
the common fragility fractures, particularly those 
of the proximal femur, are associated with sig-
nificant mortality. It is also accepted that minor 
head injuries in the elderly may prove fatal.

Despite the excellent studies published in the 
1980s and 1990s it is salutary to observe that 
there are a number of recent papers showing that 
elderly patients are not infrequently undertriaged 
compared with their younger counterparts. This 
problem was highlighted by Grant et al. [6] in a 
study of elderly patients injured by blunt trauma 
in Scotland. They pointed out that elderly patients 
injured in motor vehicle accidents, falls from a 
height or standing falls were less likely to be 
managed in a resuscitation room and they were 
more likely to be treated by less senior staff at an 
early stage. As a result of this they had a less 
interventional approach to treatment. This was 
despite contemporaneous studies showing that 
elderly patients who survived severe injury fared 
as well as younger patients with both groups hav-
ing the same functional outcome 2 years after 
injury [7].
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More recent studies from the United States 
and Canada have also highlighted the problems 
of undertriage. Chang et al. [8] examined 26,565 
patients in Maryland, USA, and showed that the 
overall undertriage rate was 49.9 % in the 
≥65 year group compared with 17.8 % in the 
<65 year group. They also showed that the under-
triage started at 50 years of age with another 
decrease being seen at 70 years of age. Moore 
et al. [9] carried out a similar study in Quebec, 
Canada and showed that geriatric patients were 
less likely to be admitted to a Level I or II Trauma 
Centre, even if they had a severe head injury.

In a recent study Staudenmayer et al. [10] 
examined the triage of elderly trauma patients in 
California and Utah, USA. They showed that 
patients who were taken to non-trauma centres 
were on average older, more often female and 
less often had an ISS >15. They documented a 
60-day mortality of 17 % in patients who had an 
ISS >15 but they did not find any difference in 
mortality between trauma and non-trauma cen-
tres although the costs of patient treatment in 
trauma centres was significantly higher than in 
non-trauma centres. They theorised that mortality 
in the elderly is influenced by more factors than 
simply the severity of the initial injury. This view 
is supported by a study from Clement et al. [11] 
who examined the role of pre-existing medical 
conditions in the elderly. They showed a higher 
mortality following minor trauma in elderly 
patients with pre-existing medical conditions.

It seems likely that the ageism referred to by 
Grant et al. [6] remains a problem in the manage-
ment of the injured elderly patient. It is accepted 
that there is a higher mortality in elderly patients 
compared with younger patients but the fact that 
elderly survivors fare as well as young survivors 
means that great care must be taken not to under-
triage elderly patients.

One of the consequences of admitting patients 
with different degrees of injury to different cen-
tres is that there is some confusion in papers dis-
cussing the problem of trauma in the elderly 
population. Some studies have specifically 
looked at polytraumatised older patients with 
injuries in more than one body system or an ISS 
of at least 16 whereas other studies have  examined 

all patients admitted to certain types of hospital. 
Obviously the results from these two types of 
study will be different. In this chapter we have 
accepted that it is difficult to define what consti-
tutes multiple trauma or severe injury in the 
elderly population and we have examined both 
patients with multiple body system injures and 
those with multiple fractures. We have also exam-
ined a group of elderly patients who presented 
with open fractures and compared them with a 
group of younger patients who presented with 
open fractures during the same period.

15.2  Multiple Injuries

15.2.1  Epidemiology

It is generally assumed that the incidence of poly-
trauma in the elderly is increasing and indeed this 
seems to be the case. There is no doubt that the 
incidence of the elderly in the population is 
increasing quickly. In 2000, 12 % of the popula-
tion of the United States was at least 65 years of 
age with 5.9 % being 75 years or older and 1.5 % 
being 85 years or older. It has been postulated 
that by 2030, 20 % of the population will be aged 
65 years or more and 2.5 % will be aged 85 years 
or more [12]. In the United Kingdom it has 
become clear that the fastest growing group in 
the population are the nonogenarians (≥90 years) 
who made up 0.58 % of the population in 2001 
but will probably comprise 1.2 % of the popula-
tion in 2025 [13]. United Kingdom statistics have 
also shown that the increase in the population of 
the elderly is not being matched by improved 
health. In 2008 the National Office of Statistics 
stated that while the population of the United 
Kingdom had been living longer over the previ-
ous 23 years the time that both sexes could be 
expected to be in poor health or have a limiting 
illness or disability had risen between 1988 and 
2004 [14]. There were some minor improvements 
after 2004 but it is clear that increased longevity 
will be matched by poorer health and an increas-
ing incidence of medical comorbidities. This is 
particularly important in severe or multiple 
trauma as medical comorbidities help to dictate 
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the prognosis in the elderly. The fact is that the 
problem is already occurring in orthopaedic 
trauma. Figures from Edinburgh, Scotland in 
2000 show that while nonogenarians made up 
0.58 % of the population they accounted for 
3.02 % of the fractures in the community, 8.7 % 
of the in-patient admissions and 7.6 % of the 
acute orthopaedic trauma surgery [15].

However the increase in the elderly population 
has to be balanced against a presumed decrease in 
motor vehicle accidents in many countries. In the 
United Kingdom in 2001, 9.7 % of motor vehicle 
accident casualties were 60 years or more but this 
represents a decline of 2.1 % since 1994–1998 
[16]. As there was no formalised trauma system 
in the United Kingdom at that time, this improve-
ment shows the value of accident prevention. It 
seems reasonable to assume that accident pre-
vention will improve in other countries and the 
incidence of motor vehicle accident casualties 
will decline. However a contrary view has been 
put forward by the World Health Organisation 
who listed motor vehicle trauma as the 11th most 
common cause of death in 2002 but forecast that 
it would become the third most common cause of 
death by 2020 [17].

It is difficult to be precise about the future epi-
demiology of multiple trauma in the elderly but 
there is no doubt that low-energy multiple frac-
tures will be an increasing problem because of 
the increasing number of falls in a progressively 
older, less fit population. It has been estimated 
that about 10 % of falls cause severe injury [18] 
and a recent Swedish study has shown that 7 % of 
falls in the elderly result in fracture [19]. It is 
likely that fall-related fractures will increase in 
frequency in the future and the Center of Disease 
Control and Prevention in the United States has 
suggested that in 2020 the cost of falls may reach 
$54.9 billion [20].

As has already been pointed out it is difficult 
to estimate the prevalence of severe injury in the 
elderly population as the published data comes 
from hospitals that admit different categories of 
patients and different severities of injury. 
However a review of the Trauma Audit and 
Research Network (TARN) database in the 
United Kingdom, which reviews all injured 

patients who arrive alive at hospitals and who are 
admitted for more than 72 h or who die within the 
72 h period, shows that only 1.8 % of patients 
have an ISS ≥ 16 and are 65 or more years of age 
[21]. Forty-two per cent of the injuries followed 
motor vehicle accidents.

15.2.2  Injury Patterns

The patterns of injury seen in the elderly patient 
will, to an extent, vary with the mode of injury. 
Patterns of injury for specific modes of injury are 
discussed later in the chapter. However a study by 
Gowing and Jain [22] looked at 125 trauma vic-
tims aged >65 years who presented with an ISS 
>12. Falls accounted for 64 % of admissions with 
motor vehicle accidents, machine injuries, natural 
accidents and suicides accounting for 27 %, 3 %, 
2 % and 3 % of admissions, respectively. The aver-
age age was 77 years and the average ISS was 23.

Head injuries accounted for 64 % of the prin-
cipal diagnoses with thoracic and orthopaedic 
injuries making up 14 % and 12 % of the princi-
pal diagnoses. Subdural haematoma was the 
commonest injury after a standing fall but the 
authors emphasised that a number of the princi-
pal diagnoses were in fact pre-existing medical 
conditions. The mortality was 31.2 % and the ISS 
correlated with mortality. As in other studies 
Gowing and Jain [22] pointed out that a large 
number of the patients were discharged home.

If one simply examines fractures in the ≥65 year 
group prospectively collected inpatient and outpa-
tient data from the Royal Infirmary of Edinburgh in 
a 1-year period in 2010/2011 [23] shows that 34.0 % 
of non-spinal fractures occur in patients who are 
aged at least 65 years. Spinal fractures were not 
assessed because it is likely that the majority of spi-
nal fractures in the elderly are not admitted to hospi-
tal. However 91.9 % of fractures in the ≥65 year 
group followed a simple fall with only 1.5 % of frac-
tures occurring as a result of a motor vehicle acci-
dent and 0.4 % occurring as a result of a fall from a 
height these being the two common causes of high-
energy injury. It is therefore apparent that severe 
injury in the elderly population is relatively rare 
whether this be polytrauma or high-energy fracture.
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15.2.3  Motor Vehicle Accidents

Motor vehicle accidents are the cause of most 
high-energy injuries in the elderly although as 
has previously been discussed their overall preva-
lence is relatively low. If one excludes the studies 
that have included fall-related accidents it 
becomes clear that the other causes of high- 
energy injury are relatively rare. Tornetta et al. 
[24] showed that 73.9 % of high-energy 
 polytrauma in the elderly was caused by motor 
vehicle accidents compared with 18.1 % which 
were caused by falls from a height and 8 % by 
crush injury and other causes. In this study only 
31.1 % of the motor vehicle accident polytrauma 
cases were in elderly pedestrians. These figures 
are similar to European figures but generally 
speaking there are more pedestrian injuries in 
Europe. Broos et al. [25] studied 126 multiply 
injured elderly patients in Belgium. If the 30 fall-
related injuries are excluded 75 % of their inju-
ries followed motor vehicle accidents with 44 % 
being pedestrians. A further 28 % were car occu-
pants, 21 % were bicyclists and 7 % were motor-
cyclists. In a large study from Germany, Kuhne 
et al. [26] showed that 53.2 % of patients aged 
56–75 years and 44.9 % aged 76–95 years sus-
tained multiple injuries as a result of motor vehi-
cle accidents.

In view of the relatively high numbers of 
pedestrian injuries and fatalities in the elderly 
population it is worth examining these injuries in 
more detail. A study from Los Angeles of 5000 
pedestrian versus motor vehicle accidents 
between 1994 and 1996 [27] showed that only 
8 % of the victims were aged 65 years or more. 
The average ISS of the elderly group was 12.3 
which was higher than the paediatric and adult 
groups. The highest prevalence of injuries was 
musculoskeletal (40 %) followed by head and 
neck injuries (31 %) and external injuries 
(13.9 %). There were very few spinal (5.4 %) or 
chest injuries (3.4 %). An analysis of the muscu-
loskeletal injuries showed that in the elderly 
group there were twice as many upper limb as 
lower limb fractures. The overall mortality for 
the 5000 patients was 7.7 % but it varied greatly 
with age with 3.1 % mortality in the paediatric 

group, 8.1 % in the adult group and 27.8 % in the 
elderly group.

Another analysis of a trauma registry in Los 
Angeles between 1993 and 2003 [28] involving 
5838 patients showed that 9.3 % of pedestrians 
injured in motor vehicle accidents were older 
than 65 years of age. The authors analysed two 
groups of patients, those with an ISS >15 and 
those with an ISS >30. In both groups patients 
over 65 years of age had the highest prevalence of 
injury. The elderly showed a high prevalence of 
severe head injury with an AIS >3 (23.7 %) but 
lower prevalences of severe chest injury (8.8 %), 
spinal injury (8.5 %), abdominal injury (8.3 %) 
and extremity injury (1.3 %). The main head 
injuries were subarachnoid haematomas and 
brain contusions. The main extremity injuries 
were fractures of the pelvis and tibia. There was 
a similar distribution of fractures of the cervical, 
thoracic and lumbar spines. The overall mortality 
for all age groups was 7.7 % but in the 65+ year 
group the mortality was 25.1 %.

Siram et al. [29] examined the pattern of injury 
in elderly pedestrians and compared it to younger 
pedestrians. They examined data on 79,307 
patients and showed that pedestrians aged 
≥65 years sustained more fractures of the skull, 
pelvis, upper limbs and lower limbs and more 
intracranial injuries than younger pedestrians. 
They found no difference in the rates of pancre-
atic, splenic and genitourinary injuries but the 
elderly had higher rates of rib fractures, pneumo-
thoraces and haemothoraces. The authors defined 
the odds of mortality more precisely than other 
studies had done. They stated that the odds of 
mortality in patients aged 25–34 years were 1.08. 
They rose with increasing age such that they 
were 3.67 in the 65–74 year group and 8.27 in the 
≥85 year group.

Demetriades et al. [28] also reviewed the rela-
tionship of age to injury type and injury severity 
in pedestrians. They defined the associated frac-
tures carefully and showed that in patients 
≤14 years the prevalence of pelvic fractures, fem-
oral fractures, tibial fractures and spinal fractures 
were 6.3 %, 15.5 %, 15 % and 0.4 % respectively. 
In the >65 year group the prevalence of pelvic, 
tibial and spinal fractures had risen to 22.6 %, 
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32 % and 8.5 % but the prevalence of femoral 
fractures had fallen to 9.8 %. In their >14 year 
group 11.2 % had an ISS >15 compared with 
36.8 % of the >65 year group. The mortality was 
3.2 % in the <14 year group and 25.1 % in the 
>65 year group.

Similar figures were seen in an Australian 
study [30] where pedestrians aged 17–39 years 
had an average ISS of 14.1 and a mortality of 
3.7 %. The 40–64 year group had an average ISS 
of 13.4 and a mortality of 5.5 % but the ≥65 year 
group had an average ISS of 14.9 and a mortality 
of 22.7 %. The authors highlighted intoxication 
in young males and injuries in the elderly popula-
tion as being the two most important problems in 
pedestrian injuries.

In a study from Ireland [31] the authors anal-
ysed 3232 accidents involving adult pedestrians. 
They documented that older adults represent 
36 % of adult pedestrian fatalities and 23 % of 
serious injuries although they only accounted for 
19 % of adult pedestrian motor vehicle accidents. 
In this study they attempted to analyse which 
conditions were associated with a higher rate of 
elderly pedestrian injuries and deaths. They 
showed that most accidents involving elderly 
pedestrians occurred in daylight with good visi-
bility (56 %) and in good weather conditions 
(77 %). Older adults were less likely to be injured 
at night than younger adults but they were more 
likely to be struck by trucks or heavy goods vehi-
cles than younger patients. Accidents involving 
older pedestrians occurred at every type of road 
crossing but the elderly were less likely to be 
injured at traffic lights or roundabouts. The 
authors emphasised the need for specialised acci-
dent prevention schemes for the elderly.

Another potential problem is increasing cog-
nitive dysfunction in the elderly population. 
There is evidence that elderly patients may have 
an impaired ability to judge automobile speed 
[32] and may show poorer attention at road cross-
ings [33]. A recent study has shown evidence 
that more elderly patients killed in pedestrian 
accidents had evidence of dementia than age-
matched controls [34]. This may well prove to 
be a significant problem in an increasingly aging 
population.

15.2.4  Falls from a Height

The other cause of high-energy injury is falls 
from a height. The extent of injury depends on 
the height of the fall and the elderly tend to fall 
from lower heights than younger patients. 
However it is likely that injuries caused by falls 
from a height are more common than they previ-
ously were. An analysis of the distribution of 
fractures between the 1950s and 2010/2011 in 
the United Kingdom [23] shows that a number of 
fractures which used to be seen in the young now 
often occur in older patients. A good example of 
this is the calcaneal fracture which is often caused 
by a fall from a height. This fracture is now rela-
tively common in older patients.

An analysis of 1613 patients who had fallen 
more than 15 feet [35] showed that in the 65+ 
year group severe head and spinal injuries were 
most common with a prevalence of 18.9 % and 
16.2 % respectively. The frequency of pelvic, 
femoral and tibial fractures increased with age 
such that the prevalence of these fractures in the 
65+ year group was 18.7 %, 18.9 % and 8.1 %, 
respectively.

In a study of unintentional fatal injuries aris-
ing from unpaid work at home Driscoll et al. [36] 
showed that falls from a height were the com-
monest cause of fatal accidents at home in older 
people. In people aged 15–54 years it was contact 
with electricity which caused most domestic 
fatalities. However in the 55–74 year group 
41.8 % of domestic fatalities occurred as a result 
of a fall from a height. The equivalent figure in 
the ≥75 year group was 34.3 % and overall a fall 
from a height was the commonest cause of 
domestic fatalities.

15.2.5  Suicide

A cause of multiple injuries which has been 
underestimated, particularly in the elderly, is 
attempted suicide. Gowing and Jain [22] pointed 
out that 3 % of injured patients admitted to a 
Canadian Trauma Centre were as a result of 
attempted suicides. A recent study from Germany 
[37] has also emphasised the frequency of suicide 
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attempts by stating that the number of suicides 
and suicide attempts in Germany is more than 
twice the number of traffic deaths. An analysis of 
the Trauma Registry of the German Trauma soci-
ety of all suicide attempts in adults ≥18 years 
with an ISS ≥9 showed that there were 1894 
attempts of which 274 (14.5 %) were in people 
≥65 years. In females jumping from a height was 
the commonest method of attempting suicide 
whereas in males it was the use of firearms. 
Psychiatric dysfunction was more common in 
females.

15.2.6  Falls

In recent years there has been increased inter-
est in the epidemiology and outcome of falls. 
As has already been pointed out there is good 
evidence that in older people falls from a stand-
ing height may cause considerable injury and 
may be responsible for significant mortality. In 
an analysis of the changing epidemiology of 
injuries and mortality following falls in patients 
aged 50 years and over in Finland Kannus et al. 
[38] showed significant changes between 1970 
and 1995. They demonstrated that there had 
been a 284 % increase in the number of older 
persons with a fall-induced injury during this 
period and they showed that the annual increase 
in fall-induced injury was 9.9 % for males and 
12.1 % for females. They did note that there 
had been a slight decline between 1970 and 
1977 but there has been a rapid sharp increase 
in the incidence of fall-induced injury after 
1977. They recorded that the mean age of older 
persons with a fall- induced injury rose from 
67.3 years in 1970 to 73.0 years in 1995. The 
figures for males were 63.6 and 68.0 years 
respectively and for females they were 69.2 
and 75.3 years. Analysis of the injuries caused 
by falls showed that the prevalence of long 
bone fractures had stayed constant in the study 
period but that soft tissue injuries and disloca-
tions had increased although head injury, other 
than fracture, had apparently decreased. They 
thought that the incidence of fall-induced 
injury would continue to rise.

15.2.7  Treatment

The treatment of polytrauma in the elderly is 
essentially the same as for young patients 
although there are two important caveats. Firstly, 
as Champion et al. [4] pointed out elderly patients 
may well require more aggressive resuscitation 
and treatment than younger patients with equiva-
lent injuries. This particularly applies to appar-
ently less severe injuries. Secondly the frequency 
of medical comorbidities is usually higher than 
may be seen in younger patients and a good his-
tory of associated medical conditions must be 
obtained. However the principles of assessment, 
resuscitation and treatment are similar to younger 
patients and are discussed elsewhere in this book. 
A good analysis of the principles of management 
of the multiply injured patients is contained in the 
chapter dealing with the ‘Management of the 
multiply injured patient’ by Pape and Giannoudis 
in the 8th edition of Rockwood and Green [39].

15.2.8  Predictors of Mortality

An analysis of medical comorbidities in the 
New York State Registry between 1994 and 1998 
shows that, not unexpectedly, the frequency of 
medical comorbidities increases with age. In an 
analysis of 76,466 patients, Hannan et al. [40] 
showed that in their 13–39 year age group only 
3.5 % of patients had associated comorbidities 
compared with 29.4 % in the 65–74 year group, 
34.7 % in the 75–84 year group and 37.3 % in the 
85+ year group. Their possible comorbidities 
included chronic obstructive pulmonary disease, 
congestive heart failure, acute myocardial infarc-
tion, other ischaemic heart disease, cerebrovas-
cular disease and peripheral vascular disease. 
When combined with factors such as intubation 
status, low systolic blood pressure, low motor 
response, male gender and lower ICISS, the pres-
ence of comorbidities was associated with 
increased mortality. The adjusted odds ratios for 
mortality relative to the 13–39 year group were 
2.67 for 40–64 year old patients, 8.41 for 
65–74 year old patients, 17.4 for 75–84 year old 
patients and 34.98 for the 85+ year group.
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McGwin et al. [41] analysed the relationship 
between mortality and chronic medical comorbidi-
ties together with the severity of the injury in both 
younger and older patients. In older patients they 
showed that in less severely injured patients the 
presence of medical comorbidities increased mor-
tality whereas the same effect was not noted in 
more severely injured patients with an ISS >26. 
They concluded that older patients with medical 
comorbidities should be considered to have an 
increased risk of death compared with their non-
chronically ill counterparts. Older patients with 
minor injuries (ISS 1–15) had a significantly 
increased risk of death if they had coexisting hae-
matological disease, diabetes, cardiac disease, 
renal disease, hepatic disease, neurological disease, 
respiratory disease or spinal injury. In moderately 
injured elderly patients (ISS 16–25) cardiac, respi-
ratory and cardiac disease influenced mortality but 
hypertension was protective. In severely injured 
patients (ISS ≥26) hypertension and spinal injury 
appeared to be protective. However the authors 
pointed out that there may well have been under-
reporting of associated medical comorbidities but 
they suggested that their results showed that elderly 
patients with minor injuries and associated medical 
comorbidities should be treated aggressively.

Similar results were reported by Broos et al. 
[25] who found that early survivors of multiple 
injuries had a significantly lower prevalence of 
diabetes and cardiopulmonary, neuropsychiatric 
and renal disease. Tornetta et al. [24] looked at 
other predictors of outcome in the multiply injured 
elderly. They showed that the requirement for 
transfusion and fluid replacement predicted out-
come as did the type of surgery that the patient 
required. They found that patients who only 
underwent a general surgical procedure were 2.5 
times more likely to die and patients who required 
both general surgery and orthopaedic surgery 
were 1.5 times more likely to die. Those who 
underwent an orthopaedic procedure were less 
likely to die than those who had no surgery. They 
could not demonstrate a positive correlation 
between mortality and early or late surgery.

The Injury Severity Score (ISS) [2] is the most 
widely used determinant of injury. Early studies 
suggested that it was less predictive of outcome in 

the elderly than in younger patients. However 
Tornetta et al. [24] theorised that this was because 
minor fall-related injuries were included in these 
studies, and when they were excluded that in fact 
elderly patients who died had a higher ISS than 
those who survived (33.1 and 16.4). They found 
that the Glasgow Coma Scale (GCS) [42] was also 
predictive of survival in the elderly. Giannoudis 
et al. [21] also showed that the ISS, GCS and blood 
pressure (BP) on admission were predictive of sur-
vival in elderly patients. They showed that a pulse 
rate of >90 on admission and severe (Abbreviated 
injury scale (AIS) ≥3) head, chest, abdominal and 
spinal injury were associated with higher mortality 
in elderly patients. In the elderly group cardiac 
arrest on admission was associated with 100 % 
mortality. A list of predictors of mortality in 
elderly patients is given in Table. 15.1.

15.2.9  Outcome

15.2.9.1  Polytrauma
There is very little information about outcome, 
other than mortality, in the elderly admitted with 

Table 15.1 Factors which increase mortality in elderly 
patients

Injury severity score <25
GCS <9
Systolic blood pressure <90 mmHg
Pulse >90/min
Increased transfusion requirement
Increased volume replacement
Associated injuries (AIS >3)
Head
Chest
Abdomen
Spine
Comorbidities
Haematological disease
Diabetes
Cardiovascular disease
Renal disease
Hepatic disease
Neurological disease
Respiratory disease

Data from Giannoudis et al [21], Tornetta et al [24] and 
McGwin et al [41]
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severe injury. There is some evidence that older 
patients have fewer long-term psychological 
problems than younger patients [43] but these 
results came from patients who were not poly-
traumatised patients but were patients admitted 
with severe fractures. Studies on the outcome of 
elderly polytrauma survivors are required.

Mortality following polytrauma clearly varies 
with the degree of injury and in the large multi- 
centre studies where a wide spectrum of injury 
has been included the mortality is less than in 
studies that concentrate on polytrauma victims. 
There is also considerable variation between 
mortality in different countries. In countries such 
as the United States and Germany where there 
are formal trauma systems, the results are better 
than in the United Kingdom where such a system 
has only recently been instituted. The literature 
suggests that the average mortality for elderly 
polytraumatised patients in countries with a for-
mal trauma system is 15–25 % [24–26] but of 
course it depends on the age of the patients and 
the severity of injury. Kuhne et al. [26] analysed 
mortality in 5375 patients in Germany who had 
an ISS ≥16 and were aged between 15 and 
95 years. The overall mortality was 23 % but it 
was 8.1 % if the ISS was 16–24, 27.2 % if the ISS 
was 25–50 and 66.1 % if the ISS was 51–75. 

Their results are shown in Fig. 15.1. They stated 
that mortality rose from 56 years onwards. These 
overall mortality figures are not dissimilar from 
those reported from other trauma centres but 
higher figures have been reported. Aldrian et al. 
[44] reported a mortality of 53.3 % in the elderly 
with 31.1 % dying within 24 h. Their average ISS 
was 32.1.

The statement by Kuhne et al. [26] that mor-
tality in polytraumatised patients rose after the 
age of 56 once again highlights the polarisation 
of much of the literature dealing with severely 
injured patients. Their assessment of a group of 
polytraumatised patients admitted to trauma cen-
tres in Germany should be compared with the 
study of Caterino et al. [45] in the United States. 
They examined the Ohio State Registry which 
records a wider range of admissions from both 
trauma and non-trauma centres. They found that 
70 years was the equivalent age at which mortal-
ity increased. They recommended that 70 years 
should be taken as the cut-off age for considering 
a patient to be elderly in trauma studies but it is 
vital that the type of injury be accurately recorded 
given the differences between these two papers.

In the United Kingdom, which lacked a for-
mal trauma system until recently, Giannoudis 
et al. [21] reported 42 % mortality in elderly 
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 polytraumatised patients. As with other studies 
the mortality was age dependent and it reached 
almost 50 % in patients aged over 75 years. In 
their earlier study DeMaria et al. [3] had reported 
80 % mortality in patients with an ISS ≥25 who 
were at least 80 years of age. More recently it 
has been shown that elderly patients with an 
ISS >30 require less ICU facilities than younger 
patients because of their higher mortality [46]. It 
is also interesting to note that in the United States 
mortality following injury in the very elderly 
(>80 years) is less in trauma centres than in acute 
care hospitals [47]. Mortality obviously increases 
with age and degree of injury but it is also influ-
enced significantly by the type of hospital and the 
trauma system within the country.

15.2.9.2  Falls
The mortality from falls has increased in the last 
few decades. As with the incidence of fall- induced 
injury Kannus and his co-workers have used the 
Finnish Cause-of-Death register to assess the inci-
dence of fall-induced mortality between 1971 and 
2002 [48]. They pointed out that in 2002 falls were 
responsible for 285 % more deaths than motor 
vehicle accidents and that there had been an over-
all 136 % increase in fall-induced deaths in the 
study period. The relevant figures for males and 
females were 201 % and 97 % respectively. They 
also showed that while the incidence of fall-
induced deaths had been relatively steady in 
females between 1975 and 2002 it had continued 
to increase in females. They theorised that there 
would be a 108 % increase in mortality by 2030.

15.2.9.3  Types of Injury
In the elderly there are two main types of serious 
injury that frequently occur with both low-energy 
and high-energy injuries and may be associated 
with significant mortality. These are head injuries 
and fractures. Obviously injuries may occur in 
other body systems but they are usually caused by 
high-energy trauma and their characterisation and 
management is discussed elsewhere in the book.

Head Injury
In a recent study of head injury in the elderly 
Mitra et al. [49] analysed 96 patients and showed 

that 31.2 % of head injuries followed a low fall, 
30.2 % occurred because the patient was struck 
by a motor vehicle and 17.7 % were caused by a 
high fall. All patients presented with an initial 
GCS <8 which had not been caused by sedation 
or paralysis. They reported that 62.2 % of patients 
aged 65–74 years died compared with 68.2 % 
aged 75–84 years and 100 % of patients aged at 
least 85 years. Increasing age and brainstem 
injury were identified as predictors of mortality. 
Frankel et al. [50] analysed the outcome of trau-
matic brain injury in the elderly and showed that 
elderly patients were significantly less likely to 
be discharged home. However they felt that the 
results of treatment were encouraging and they 
stated that older patients exhibited the potential 
to achieve functional goals.

Multiple Fractures
Multiple fractures in the elderly may occur as a 
result of high-energy or low-energy injuries. The 
assumption is often made that they are mainly 
caused by motor vehicle accidents or falls from a 
height but this is simply not the case. In a review 
of 6872 inpatient and outpatient fractures in the 
Royal Infirmary of Edinburgh in 2007/8 [51] 
there were 2293 patients aged at least 65 years of 
age. Of these 117 (5.1 %) presented with multiple 
fractures. One hundred and ten (94.0 %) had two 
fractures, 6 (5.1 %) had three fractures and one 
(0.9 %) 75 year old pedestrian presented with 
four fractures after a motor vehicle accident. 
Table 15.2 shows the causes of multiple fractures 
in the elderly population. It can be seen that the 
highest prevalence is indeed related to motor 
vehicle accidents with 36.4 % of patients present-
ing with multiple fractures. Predictably the next 
most common cause of multiple fractures in the 
elderly was falls from a height followed by falls 
down stairs. However although the prevalence of 
multiple fractures following simple falls was 
only 4.4 %, the frequency of fall-related fractures 
in the elderly population means that 92 patients 
presented with multiple fractures following a fall 
during the year, this constituting 78.6 % of all the 
multiple fractures. Table 15.2 shows that the 
average of the multiple fracture group was 
71.3 years and about 80 % were female.
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A review of the 32 fractures that resulted from 
motor vehicle accidents shows that they occurred 
in 22 patients with 7 patients presenting with two 
fractures and one patient with four fractures. The 
average age was 80.2 years and 75 % of the 
patients were male. Five (22.7 %) of the 22 
patients were bicyclists all of whom presented 
with a single fracture. A further 4 (18.2 %) were 
vehicle occupants and one vehicle passenger pre-
sented with two fractures. The remaining 13 
(59.1 %) elderly patients were pedestrians struck 
by a vehicle of which 7 (53.8 %) presented with 
multiple fractures. The average age of this group 
was 78.9 years and 14 (63.6 %) of the fractures 
were in the lower limb or pelvis and 8 (36.4 %) 
were in the upper limb. Three (13.6 %) of the 
fractures were open.

Table 15.2 shows that the prevalence of mul-
tiple fractures following a fall from a height 
approaches that of motor vehicle accidents but all 
the fractures were closed suggesting that either 
falls from a height in the elderly are not as severe 
as in younger patients or possibly that many falls 
are fatal. Table 15.2 also shows that falls down 
stairs are associated with a high prevalence of 
multiple fractures. The results indicate that the 
highest frequency of multiple fractures in the 65+ 
year group follows motor vehicle accidents 
where the elderly patient is a pedestrian struck by 
a vehicle.

Table 15.3 shows the fractures associated with 
all index fractures in a consecutive group of 
patients aged ≥65 years treated in the Royal 
Infirmary of Edinburgh in a 1-year period in 

2010/2011. All modes of injury are included. 
Overall 8.5 % of fractures were associated with 
other fractures during the study year but 12 frac-
ture types were associated with at least 10 % 
other fractures. Obviously the location of some 
of the associated fractures depended on the cir-
cumstances of the injury but generally speaking 
the associated fractures are often near the loca-
tion of the index fracture. The greatest number of 
multiple fractures in the elderly that will present 
to orthopaedic surgeons will follow a simple fall 
and these will be examined in more detail.

Fall-Related Multiple Fractures
A review of all patients aged at least 16 years pre-
senting to the Orthopaedic Trauma Unit of the 
Edinburgh Royal Infirmary in a 1-year period 
during 2007/2008 shows that 3843 fractures were 
caused by simple falls, this being 55.9 % of all 
the fractures. Analysis of the patients of at least 
65 years of age shows that 2213 fractures were 
caused by simple falls. These fractures occurred 
in 2111 patients with 2015 patients presenting 
with a single fracture, 90 presenting with two 
fractures and six patients presenting with three 
fractures. Table 15.2 shows that the average age 
of patients presenting with multiple fractures 
after a fall was 79 years. The average age of 
males was 76.6 years with 79.5 years being 
recorded for females. This compares with 
79.2 years and 80.0 years for males and females 
who presented with single fractures. The gender 
ration for single fractures was 20/80 indicating 
that multiple fractures are more common in 

Table 15.2 The epidemiology of multiple fractures in patients aged at least 65 years of age presenting to the Royal 
Infirmary of Edinburgh in a 1-year period in 2007/2008

Patients (n) Multiple fractures %
Average age 
(year) Gender ratio

Simple fall 2111 96 4.5 79.0 16/84
Fall from height 11 3 27.3 72.0 67/33
Fall down stairs 80 10 12.5 77.0 30/70
Motor vehicle accident 22 8 36.4 80.2 75/25
Direct blow/assault 45 2 4.4 77.5 0/100
Sport 17 0 – – –
Spontaneous 24 0 – – –
Others 25 0 – – –

2335 119 5.1 78.7 22/78
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elderly females but the average ages of males and 
females are not dissimilar.

An analysis of multiple fractures of all ages in 
2007/2008 shows that they are much more com-
mon in older patients. Figure 15.2 shows the age- 
related incidence of multiple fall-related fractures 
in the whole population. There were none in the 
15–19 years group but Fig. 15.2 shows that the 
incidence starts to rise in the 6th decade of life 
and continues to rise until the 10th decade pre-
sumably mainly because of increased osteopenia 
and other medical comorbidities predisposing the 
patients to falls.

Only six (6.25 %) of the elderly patients who 
presented with fall-related multiple fractures had 
three fractures. It was not possible to define any 
relationship between different fracture combi-
nations. Two involved the upper limb only and 
four involved both upper and lower limbs. Five 
(83.3 %) of these fractures occurred in females 
with an average age of 78.6 years with only one 
71 year old male presenting with three fractures 
after a fall.

A review of the 90 patients who presented with 
double fracture combinations showed there were 
three groups. Group 1 consisted of 29 (32.2 %) 

Table 15.3 The prevalence of multiple fractures in patients aged ≥65 years

Fractures No Multiple fractures Other fractures (%)

No %

Scapula 12 2 16.7 Clavicle 66.6 %, proximal humerus 33.3 %
Clavicle 54 4 7.4 Scapula 50 %, proximal humerus 25 %
Proximal humerus 267 27 10.1 Proximal femur 59.3 %, distal radius 14.8 %
Humeral diaphysis 30 1 3.3 Distal radius 100 %
Distal humerus 27 5 18.5 Metacarpal 40 %, proximal radius 40 %
Proximal radius/ulna 2 0 0
Proximal radius 31 5 16.1 Distal humerus 40 %, pelvis 20 %
Proximal ulna 32 6 18.7 Proximal femur 33.3 %, distal radius 33.3 %
Radial/ulna diaphyses 2 0 0
Radial diaphysis 7 0 0
Ulnar diaphysis 6 1 16.7 Proximal tibia 100 %
Distal radius/ulna 510 42 8.2 Proximal femur 31.0 %, bilateral 26.2 %
Carpus 15 1 6.7 Metatarsal 100 %
Metacarpus 64 14 21.9 Metacarpal 71.4 %, distal radius 28.6 %
Finger phalanges 90 13 14.4 Phalanx 53.8 %, pelvis 15.4 %
Pelvis 89 8 9.0 Phalanx 25 %, metacarpal 25 %
Proximal femur 683 38 5.6 Distal radius 44.7 %, proximal humerus 39.5 %
Femoral diaphysis 55 2 3.6 Ankle 50 %, proximal humerus 50 %
Distal femur 19 2 10.5 Ankle 50 %, proximal humerus 50 %
Patella 27 0 0
Proximal tibia 18 5 27.8 Metacarpal 40 %, pelvis 20 %
Tibia/fibular diaphyses 12 1 8.3 Clavicle 8.3 %
Distal tibia 8 0 0
Ankle 170 9 5.3 Metatarsal 33.3 %, calcaneus 11.1 %
Talus 0 0 0
Calcaneus 6 2 33.3 Metatarsal 50 %, ankle 50 %
Midfoot 2 0 0
Metatarsus 79 13 12.7 Metatarsal 61.5 %, ankle 23.1 %
Toes 4 0 0
Total 2355 201 8.5

The fractures represent all inpatient and outpatient fractures treated in the Royal Infirmary of Edinburgh in a 1-year 
period in 2010/2011. The two commonest other fractures associated with each index fracture are shown
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patients who presented with two upper limb frac-
tures. Group 2 comprised 11 (12.2 %) patients 
who presented with two lower limb fractures and 
Group 3 consisted of the remaining 50 (55.6 %) 
patients who presented with fracture combinations 
involving both upper and lower limbs. Pelvic frac-
tures were included with the lower limb fractures. 
Group 1 had an average age of 75 years and a 
male/female gender ratio of 17/83. Group 2 had an 
average age of 83.4 years and a gender ratio of 
18/82 and Group 3 had an average age of 80.6 years 
and a gender ratio of 14/86.

Analysis of the Group I patients showed that 
combinations of fractures involving the distal 
radius and proximal humerus were most com-
monly seen. Of the 29 upper limb double fracture 
combinations 19 (65.5 %) involved the distal 
radius and 11 (37.9 %) the proximal humerus 
with 4 (13.8 %) patients presenting with fractures 
of the distal radius and proximal humerus. There 
were in fact only three double upper limb fracture 
combinations that did not involve the distal radius 
or proximal humerus. The commonest Group 1 
combinations were bilateral distal radial fractures 
(27.5 %), the distal radius/proximal humerus 
combination (13.8 %) and the combination of 
distal radius and finger phalanx (10.3 %).

Of the 11 Group 2 patients five (45.4 %) 
involved the proximal femur, four (36.4 %) the 
pelvis and four (36.4 %) involved the ankle. In 
fact there was only one combination of midfoot 
and metatarsal fractures that did not involve the 
proximal femur, pelvis or ankle. The commonest 
lower limb combinations were fractures of the 

proximal femur and pelvis and fractures of the 
ankle and metatarsal which both occurred in 
27.3 % of Group 2 fractures.

Group 3 fractures were most commonly seen. 
Of the 50 Group 3 fractures 34 (68 %) involved 
the proximal femur and 17 (34 %) presented with 
a combination of proximal femoral and proximal 
humeral fractures, this being the commonest dou-
ble fracture combination. A further 11 (22 %) 
patients presented with proximal femoral and 
distal radial fractures. Of the fracture combina-
tions that did not involve the proximal femur, the 
common combination was that of the proximal 
humerus and pelvis which presented in 8 % of 
Group 3 cases followed by that of the distal 
radius and pelvis which occurred in 6 % of the 
patients.

The results show that the four commonest 
fractures in double fracture combinations involve 
fractures of the proximal femur, distal radius, 
proximal humerus and pelvis. Proximal femoral 
fractures occurred in 39 (43.3 %) of the double 
fracture combinations with distal radius fractures 
being involved in 38 (42.2 %). The average ages 
of these fractures groups were 81.4 and 77.6 years 
respectively and the gender ratios were 20/80 and 
13/87. Proximal humeral fractures occurred in 34 
(37.8 %) of the double fracture combinations. 
These patients had an average age of 79.7 years 
and a gender ratio of 15/85. Pelvic fractures 
occurred in 11 (12.2 %) patients with an average 
age of 87.7 years and a gender ratio of 8/92.

Table 15.4 shows the basic epidemiological 
data of the nine most common double fracture 
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Fig. 15.2 The incidence of 
multiple fall-related fractures 
in different age groups (Data 
from the Royal Infirmary of 
Edinburgh, Scotland)

15 The Management of the Multiply Injured Elderly Patient



214

combinations, these being the fracture combina-
tions that presented at least three times during the 
year. It is evident that fractures of the proximal 
femur, proximal humerus and distal radius are 
involved in all the common combinations except 
for the ankle metatarsal combination. It is also 
worth noting the extreme age of patients who 
present with a combination of a fall-related pel-
vic fracture and a fracture of the proximal femur, 
distal radius and proximal humerus.

With increased longevity it seems likely that 
multiple fall-related fractures will become more 
common and that they will present in patients 
who have multiple medical comorbidities and 
who require aggressive medical management to 
increase the chance of survival from these appar-
ently straightforward injuries.

Open Fractures
The common perception is that open fractures are 
not infrequently associated with more severe 
injury and are commoner in high-energy modes 
of injury such as motor vehicle accidents or falls 
from a height. There is very little information 
about the epidemiology of open fractures in the 
elderly population which is perhaps surprising as 
they are often difficult to treat and they can cause 
considerable morbidity. We have undertaken a 

review of open fractures in ≥65 year patients over 
a 15-year period and we have compared the open 
fractures with those seen in patients aged 
<65 years.

All open fractures presenting to the Royal 
Infirmary of Edinburgh between 1995 and 2009 
were analysed. Only patients from the hospital’s 
catchment area were included in the study so that 
an accurate epidemiological analysis could be 
obtained. All adults ≥15 years were included and 
the population figures of 1995–2009 were aver-
aged to allow fracture incidences to be calculated.

In the 15-year period 20.3 % of all open frac-
tures presented in patients aged ≥65 years. They 
were more commonly seen in females with a gen-
der ratio of 35/65. Open fractures in the <65 year 
group were more commonly seen in males and 
the gender ratio was 78/22. The incidence of all 
fractures in the two groups is shown in Table 15.5. 
It may be surprising to observe that the incidence 
of open fractures is slightly higher in older 
patients than in younger patients. Indeed if the 
incidence is calculated for the ≥80 year group it 
rises to 446.7/105/year indicating that the fre-
quency of open fractures in the adult population 
correlates with increasing age. Table 15.5 shows 
that the spectrum of open fractures is remarkably 
similar between the two patient groups. 
Exceptions are open distal radial and ankle frac-
tures which have a much higher incidence in the 
≥65 year group and open hand fractures which 
have a higher incidence in the <65 year group.

Table 15.5 also shows the prevalence of 
Gustilo Type III [52] open fractures in both 
groups of patients. There is a higher prevalence 
of Gustilo Type III fractures in the <65 year 
group but 20.4 % of the open fractures in the 
≥65 year group were Type III fractures. With 
the exception of femoral diaphyseal fractures 
the prevalence of Gustilo Type III fractures in the 
femur, patella and tibia was remarkably similar in 
both groups of patients despite the fact that 
64.8 % of open femoral, patellar and tibial frac-
tures in the ≥65 year group followed a fall com-
pared with 13 % in the <65 year group. This 
emphasises the importance of falls in causing 
serious injuries in frail elderly patients. Another 
interesting observation is that if open fractures of 

Table 15.4 Epidemiological criteria of the nine double 
fracture configurations that occurred at least three times in 
a 1-year period

Fracture combination n  %
Age 
(year)

Gender 
ratio 
(%)

Proximal humerus/
proximal femur

17 18.9 80.9 18/82

Distal radius/proximal 
femur

11 12.2 80.2 18/82

Distal radius/distal 
radius

8 8.9 74.2 20/80

Distal radius/proximal 
humerus

4 4.4 79.5 0/100

Proximal humerus/pelvis 4 4.4 87.2 25/75
Distal radius/finger 
phalanx

3 3.3 74.7 0/100

Distal radius/pelvis 3 3.3 85.0 0/100
Proximal femur/pelvis 3 3.3 92.3 0/100
Ankle/metatarsal 3 3.3 75.3 0/100

C.M. Court-Brown and N. Clement
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the fingers and toes are excluded the average ISS 
for the ≥65 year patients who presented with an 
open fracture was 12 with 11 being recorded for 
the younger group. Again this emphasises that 
the spectrum of injuries after lower energy trauma 
in the elderly is not dissimilar from the injuries 
seen in younger patients after higher energy 
trauma.

Analysis of the high-energy injuries in the 
≥65 year patients shows that 13.2 % of open frac-
tures followed a motor vehicle accident or a fall 
from a height. The average ISS was 14 and 

43.7 % of the fractures were Gustilo Type III in 
severity. In the younger group of patients 24.7 % 
of the open fractures followed a motor vehicle 
accident or a fall from a height. The average ISS 
was also 14 and 48.5 % of the open fractures 
were Gustilo Type III in severity. The only real 
difference between the two groups was that in the 
≥65 year group 79.2 % of the motor vehicle acci-
dent open fractures occurred in pedestrians com-
pared with 29.4 % of the <65 year group.

It is apparent that the spectrum of open frac-
tures is very similar in both groups of patients. 

Table 15.5 The numbers and incidence of open fractures treated in the Royal Infirmary of Edinburgh in a 15-year 
period

Fractures ≥65 years <65 years

No ×/106/year GIII (%) No ×/106/year GIII (%)

Scapula 0 0 – 2 0.3 0
Clavicle 1 0.7 0 8 1.2 0
Proximal humerus 3 2.1 0 9 1.4 11.1
Humeral diaphysis 6 4.1 33.3 10 1.6 10.0
Distal humerus 6 4.1 16.7 12 1.9 58.3
Proximal radius/ulna 1 0.7 0 1 0.2 0
Proximal radius 0 0 – 0 0 –
Proximal ulna 15 10.3 6.7 36 5.6 16.7
Radial/ulna 
diaphyses

9 6.2 0 35 5.5 5.7

Radial diaphysis 1 0.7 0 4 0.6 25.0
Ulnar diaphysis 4 2.7 50.0 21 3.3 9.5
Distal radius/ulna 124 85.1 2.4 60 9.4 1.7
Carpus 0 0 – 1 0.2 100.0
Metacarpus 8 5.5 12.5 96 15.0 10.4
Finger phalanges 146 100.2 8.6 944 147.2 23.8
Pelvis 1 0.7 0 6 0.9 0
Proximal femur 0 0 – 1 0.2 0
Femoral diaphysis 2 1.4 0 40 6.2 67.5
Distal femur 5 3.4 60.0 21 3.3 76.2
Patella 5 3.4 20.0 41 6.4 31.7
Proximal tibia 7 4.8 57.1 22 3.4 59.1
Tibial diaphysis 48 32.9 37.5 219 34.1 46.1
Distal tibia 7 4.8 42.8 24 3.7 45.8
Ankle 54 37.1 51.9 72 11.2 44.4
Talus 0 0 – 6 0.9 50.0
Calcaneus 4 2.7 75.0 14 2.2 71.4
Midfoot 0 0 – 5 0.8 80.0
Metatarsus 7 4.8 42.9 96 15.0 26.0
Toes 20 13.7 10.0 150 23.4 18.0
Total 484 332.3 20.4 1902 296.6 28.4

The prevalence of Gustilo Type III fractures [52] is also shown

15 The Management of the Multiply Injured Elderly Patient
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There are a few exceptions such as the open fem-
oral diaphyseal fracture which are very rare in 
older patients but Table 15.5 highlights the fact 
that frailer older patients have a similar distribu-
tion of open fractures to younger patients.
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16.1  Introduction

Our population is aging rapidly. Currently, indi-
viduals over the age of 65 are nearly one tenth of 
the world’s population and the oldest old, those 
over 85, are now the fastest growing segment of 
many nations’ population [1]. Not surprisingly, 
these trends are reflected in incidence rates for 
the polytraumatized patient. In the United States, 
patients over 65 comprise one third or more of 
trauma service hospital admissions and account 
for up to half of all injury-related fatalities. Falls 
and traffic-related motor vehicle accidents remain 
the leading causes of injury among the aged. One 
sixth of all traffic fatalities and one fifth of all 
automobile-pedestrian fatalities in the United 
States are 65 and older [2]. Ground-level falls 
have become the leading cause of hospitalization 
for the elderly [3].

The elderly are an ill-defined and nonhomog-
enous demographic in general, and what exactly 
constitutes severe injury in this age group further 
obscures not only statistical analysis but in some 
cases triage and treatment. Although Champion 
et al. [4] showed as early as 1989 that minor, 
single- system injury can carry a relatively high 
mortality rate in patients over age 65, evidence 
since suggests that the injured elderly remain less 
likely to receive care at trauma centers than 
younger trauma patients. A comprehensive litera-
ture review by the practice management guide-
line committee of The Eastern Association for 
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the Surgery of Trauma (EAST) concluded that 
elderly patients with at least one body system 
with an abbreviated injury scale (AIS) severity 
score of three or higher should be triaged to a 
trauma center and cared for in an intensive care 
unit staffed by a critical care specialist [5].

Preexisting illness, commonly associated with 
advanced age, further complicates the study and 
treatment of patients in this age group, particu-
larly as it pertains to multisystem trauma. 
Cardiovascular, neurological, pulmonary, and 
renal system comorbidities compound normal 
physiologic changes associated with aging, ren-
dering the elderly polytrauma patient particularly 
vulnerable to inhospital and postoperative com-
plications, which, in turn, are associated with a 
significantly higher mortality rate.

A practical approach to the management of the 
polytraumatized elderly patient necessitates an 
understanding of the clinical impact of the physi-
ologic changes that occur with aging and involve 
nearly every organ system. Additionally, an appre-
ciation of the comorbid conditions, medications, 
nutritional status, and functional capacity specific 
to each patient can help guide preoperative man-
agement, avoid postoperative complications, and 
optimize outcomes. Finally, chronological age 
alone is neither a good predictor of performance 
nor an adequate contraindication to aggres-
sive intervention. An understanding of what is 
increasingly considered a distinct entity from 
aging, frailty, is extremely helpful. Although few 
truly evidenced-based recommendations apply 
uniquely to an elderly trauma patient cohort, there 
are some important age- related considerations 
with peri- and postoperative management with 
substantial consensus agreement.

16.2  The Physiology of Aging 
and How It Impacts 
Trauma Care

16.2.1  Cardiovascular

Cardiac output is the product of heart rate and 
stroke volume, while stroke volume is a function 
of factors affecting ventricular volume (preload), 
intrinsic myocardial contractility, and vascular 

resistance (after-load). Normal age-related 
changes alter every element of this equation. As 
the heart ages, myocytes are progressively lost 
while those that remain increase in volume. This 
myocardial hypertrophy leads to a stiff and less 
compliant ventricle, impairing end-diastolic fill-
ing and diminishing the preload contribution to 
stroke volume. Predictably, the heart’s ability to 
compensate adequately with increases in cardiac 
output during periods of hypovolemia or hemor-
rhage is decreased. Additionally, aged myocytes 
do not respond as well to adrenergic stimulation, 
affecting the chronotropic (lower maximum heart 
rate) and inotropic (impaired contractility) con-
tributions to the epinephrine-mediated compen-
satory response critical to maintaining tissue 
oxygen delivery. Finally, normal aging also 
affects the arterial vascular system and the after- 
load component of cardiac output. Smooth mus-
cle cells of the arterial wall undergo intimal 
hyperplasia with age, leading to a stiff, less com-
pliant peripheral vasculature, while stiffness of 
the great vessels is the main contributor to the 
baseline elevation in systolic blood pressure that 
is associated with normal aging and is indepen-
dent of atherosclerosis. Compounding this con-
stellation of changes is an overall decrease in 
myocardial muscle oxygen delivery, as 50 % of 
those over the age of 65 and 80 % of those over 
80 have some degree of coronary artery stenosis.

As a result of these cardiovascular age-related 
changes, early evaluation (primary survey) and 
resuscitation of the geriatric trauma patient can 
be challenging. While shock can be difficult to 
appreciate, early identification and intervention 
is essential to avoid prolonged periods of hypo-
perfusion. “Normal” blood pressure and heart 
rate during the primary survey should not reas-
sure against ongoing, occult hemorrhage. 
Evidence from a survey of the National Trauma 
Data Bank (NTDB) suggests that mortality 
begins to increase in older trauma patients (age 
>43) at initial presenting systolic blood pressures 
of 117 mmHg, considerably higher than the tradi-
tional standard of 90 mmHg [6].

Early in the evaluation, an arterial blood gas 
analysis should be obtained. Metabolic acidosis, 
reflecting elevated serum lactate levels, is the 
most sensitive indicator of occult hypoperfusion. 
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A thorough search for cavitary hemorrhage 
should be performed, including a chest radio-
graph and the focused assessment sonography in 
trauma (FAST). A pelvis radiograph that includes 
both hip joints is an essential adjunct to the pri-
mary survey in this age group, as relatively minor 
pelvic or hip fractures can be associated with sig-
nificant, often occult, retroperitoneal hemor-
rhage. Early monitoring of the cardiovascular 
system should be considered. Although the ubiq-
uitous use of pulmonary artery catheters in mod-
erately to severely injured elderly patients to 
optimize cardiac output to supratherapeutic val-
ues is no longer recommended, invasive hemody-
namic monitoring in selected cases clearly has 
potential benefits. Echocardiography to deter-
mine and follow ventricular volume and cardiac 
performance is helpful and increasingly available 
at the critical care bedside. Although nonopera-
tive management of blunt abdominal solid organ 
injury should be considered in any patient who is 
hemodynamically stable regardless of age, the 
risk of nonoperative management in an elderly 
individual with a splenic laceration may actually 
be greater than the risk of an early operation.

16.2.2  Pulmonary

Both oxygenation and ventilation are altered in the 
elderly in such a way that function and reserve are 
compromised. Decompensation and failure can 
occur rapidly and with little warning in the face of 
injury. Inspiratory and expiratory forces, both func-
tional (vital capacity) and forced (FEV1), decrease 
with age as a result of chest wall stiffness and 
impaired pulmonary elastic recoil. Musculoskeletal 
changes also contribute to poor chest wall compli-
ance in the form of kyphosis, osteoporosis, calcifi-
cation of the intercostal cartilages, arthritis of the 
costovertebral joints, and atrophy of the intercostal 
muscles. The diaphragm’s contribution to respira-
tory function increases with age. Conditions that 
limit optimal diaphragm function affect this age 
group disproportionately. Pulmonary  parenchymal 
tissue properties also change, leading to impaired 
gas exchange and a lower baseline arterial oxy-
gen partial pressure. Alveolar wall thickening and 
inelastic small airways predispose to poor  diffusion 

and collapse-induced ventilation- perfusion mis-
matches. Finally, the compensatory response to 
both hypoxia and hypercarbia are attenuated, 
mucocilliary clearance mechanisms are impaired, 
and narcotic-induced respiratory depression is 
hypersensitive.

The loss of respiratory reserve that accompa-
nies aging is further complicated by the effects of 
chronic disease in the geriatric polytrauma patient. 
Smoking, chronic obstructive pulmonary disease, 
emphysema, and chronic bronchitis often conspire 
with age-related changes to undermine respira-
tory function, even with minor injury. During the 
primary survey, careful monitoring (continuous 
pulse oximetry and respiratory rate assessment) 
and early supplemental oxygen are mandatory; an 
arterial blood gas analysis is important. Although 
oxygen administration may depress a “hypoxemic 
drive” in patients whose ventilation depends in part 
on a relatively low blood oxygen saturation level, 
hypercarbia in the acute trauma situation is an 
acceptable risk in order to maximize oxygenation 
delivery. Mechanical ventilator support for early, 
rapid decompensation, persistent hypoxemia, or 
ventilatory failure should not be delayed. Simple 
pneumothorax and hemothorax are poorly toler-
ated and should be diagnosed and treated early. 
Multiple rib fractures and pulmonary contusions 
are associated with a high complication rates and 
require adequate pain control to mobilize secretions 
and optimize respiratory mechanics. Regional anal-
gesia supplied by thoracic epidural, thoracic para-
vertebral, or intercostal blocks, supplemented with 
nonsteroidal anti-inflammatory drugs and low-dose 
opioids, is superior to systemic analgesia alone [7].

16.2.3  Neurologic

The two major age-related central nervous sys-
tem changes are cortical atrophy and decreased 
cerebral blood flow. Both of these processes 
increase the risk of traumatic injury in the elderly 
individual. Age-related cortical atrophy can 
begin as early as age 60 and is ubiquitous to a 
varying degree above age 80. From a purely 
mechanical perspective, cortical atrophy renders 
the geriatric patient vulnerable to subdural hem-
orrhage, as the shrunken brain, prone to more 
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movement within the calvarium, stretches para-
sagittal veins, priming them for rupture upon 
impact or rotation. A progressive, low-level 
decrease in cerebral blood flow can impair corti-
cal oxygen delivery and consumption, leading to 
sub-clinical changes in mental status, visual and 
auditory function, tactile and proprioception sen-
sation, orthostatic tolerance, and reflex time. Add 
to these normal age-related changes, which 
account for the relatively high incidence of falls 
in this age group, the increasingly frequent use of 
anticoagulants and platelet inhibitors as part of 
the routine management of chronic conditions in 
this age group, which exacerbate the traumatic 
brain injury seen in the elderly [8].

Extradural hemorrhage is more common in the 
elderly polytrauma patient, and due to the accom-
modating pericortical space afforded by atrophy, 
mass effect symptoms may be absent or delayed. 
The expeditious and liberal use of computed tomog-
raphy (CT) is encouraged in this age group and 
should be obtained as early in the evaluation as is 
safe and reasonable. Neurological assessment 
beyond the Glasgow Coma Scale is important but 
can be limited by preexisting cognitive impairment 
or the sequelae of previous cerebral vascular events. 
Injuries to the bony spine can be difficult to diagno-
sis on physical exam or plain radiographs, particu-
larly in the face of osteoporosis or osteoarthritis. CT 
has become the standard radiologic modality for 
assessing the spinal column for fracture. Incomplete 
cord injury (central or anterior cord syndrome) is 
also relatively more common in this age group and 
is often associated with preexisting canal stenosis. 
They can occur with even mild cervical hyperexten-
sion, typically after a fall or motor vehicle crash. 
These injuries usually require MRI for diagnosis. A 
thorough history from family or caregivers is impor-
tant. Cognitive dysfunction and dementia are not 
only common but predictive of outcome.

16.2.4  Renal

Kidney function, particularly as measured by the 
glomerular filtration rate (GFR), decreases with 
age while renal reserve function is even more 
markedly impaired. This occurs primarily as 

 nephrons become sclerotic, tubules lengthen and 
become fibrotic, and blood flow attenuates. The 
most common laboratory marker for renal func-
tion, serum creatinine may remain in the normal 
range despite a significant decrease in GFR, as 
protein production drops off secondary to lost 
muscle mass. It is important to keep in mind that 
the elderly patient tolerates both dehydration and 
volume overload poorly. Electrolyte and acid- base 
regulation are also at risk. Acute renal failure in the 
face of polytrauma is known to be associated with 
increased mortality, particularly in the elderly. 
Fluid and electrolyte balance should be carefully 
monitored, and exposure to nephrotoxic drugs 
should be minimized. Oliguria requires prompt 
attention and aggressive treatment. Creatinine 
clearance should be used when dosing medica-
tions that undergo renal elimination.

16.3  Optimizing Perioperative 
Management

Fractures are the most common injury in the 
elderly, and the majority require operative fixa-
tion for optimal outcome. Nearly one third of 
patients aged 75 and older who suffer a ground- 
level fall will sustain a fracture [9]. In the United 
States, according to The National Center for 
Health Statistics, 5/1000 people over the age of 
65 required open reduction with internal fixation 
of a fracture in 2010, more than double the rate 
for all those under the age of 65 [10]. In the 
elderly polytraumatized patient, important preex-
isting conditions that require special consider-
ation during the perioperative period include 
comorbidity, medications, nutritional status, cog-
nitive impairment, and functional capacity.

16.3.1  Comorbidity

Two-thirds of older individuals have multiple 
chronic conditions. As a contributor to death, 
heart disease and cancer top the list, followed by 
chronic lower respiratory disease, stroke, 
Alzheimer’s disease, and diabetes [11]. Obtaining 
an accurate and complete medical history is 
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important and should not be deferred or omitted 
when assessing the elderly polytrauma patient. If 
the patient cannot supply the information, it 
should be sought from a family member, care- 
provider, or the medical record. The American 
Society of Anesthesiologists (ASA) physical sta-
tus classification, widely used to risk-stratify 
operative patients, has been shown to accurately 
reflect severity of preexisting illness and has even 
been validated as an independent predictor of 
postoperative morbidity and mortality in older 
surgical patients [12].

16.3.2  Medications and Supplements

Over 80 % of elderly adults take at least one medi-
cation and one third take at least five. Nearly half of 
all older individuals use at least one over the coun-
ter medication and the same amount use some sort 
of dietary supplement [13]. Polypharmacy, either 
in the form of an excessive absolute number of 
drugs taken, use of medications without appropri-
ate indication, or the use of duplicate medications, 
is a problem among the elderly. A thorough review 
of the polytrauma patient’s current medication list 
is essential and unnecessary medications should be 
discontinued in the perioperative or postinjury 
period. Keep in mind that the abrupt withdrawal of 
serotonin reuptake inhibitors (SSRIs), beta-block-
ers, clonidine, statins, and corticosteroids can lead 
to significant withdrawal symptoms and complica-
tions. ACE inhibitors and angiotensin receptor 
blockers should be continued.

Dietary supplements are no longer simple vita-
mins and minerals. Today’s supplements include 
herbals, amino acids, enzymes, botanicals, and ani-
mal extracts. Unless prompted, many patients who 
use supplements fail to report taking them, as there 
is a perception that since they are “natural,” they 
are inherently safe. Many of the more commonly 
used herbal supplements can complicate periopera-
tive care through interactions with anesthetic 
agents (Valerian, Kava), inhibition of platelet func-
tion (ginseng, garlic, ginkgo biloba), alterations in 
the catecholamine response (Ephedra), suppression 
of immune function (Echinacea), and interaction 
with important drug classes (St John’s wort and 

CYP450 enzymes, Ephedra and MAO inhibitors) 
[14]. The pharmacokinetic and pharmacodynamics 
properties of these alternative medicines are not 
well established. Consequently, they should be dis-
continued at least 1 week before elective surgery. If 
surgery cannot wait, as is often the case in the poly-
traumatized patient with fractures, knowledge of 
their use and appreciation of associated side effects 
is important .

Recent enthusiasm for the use of perioperative 
beta-blockade has been tempered by the results of 
the POISE trial, which demonstrated that despite 
a significant reduction in cardiac events and myo-
cardial infarction, an increase in both stroke and 
death in the patients treated with metoprolol was 
observed [15]. According to the American College 
of Cardiology Foundation/American Heart 
Association Task Force, evidence- based class I 
recommendations for perioperative beta-blocker 
therapy are limited to continuation in patients 
undergoing surgery who are already receiving beta 
blockers for approved indications. Evidence-based 
class II recommendations are limited to patients 
who are at high cardiac risk from coronary artery 
disease and are undergoing vascular surgery. They 
should have beta-blockers titrated to heart rate and 
blood pressure [16]. Excepting these recommen-
dations, nine credible randomized trials indicate 
that the routine use of beta-blockade for periop-
erative protection increases mortality [17].

The Beers criteria for potentially inappropriate 
medication use in adults 65 and older was revised 
in 2003 by a consensus panel of experts and iden-
tified 48 individual medications or classes of 
medications to avoid in older individuals, many of 
which are felt to have adverse outcomes of high 
severity [18]. Of importance to the perioperative 
polytrauma patients, these include long-acting 
benzodiazepines, anticholinergics, antihista-
mines, Diphenhydramine, Digoxin, barbiturates, 
Meperidine, Ketorolac, and Amioderone.

16.3.3  Nutrition

Prevalent among the elderly, malnutrition will 
impact recovery from injury and surgery pro-
foundly. Nearly one quarter of all individuals 
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over the age of 65 are undernourished, ranging 
from less than ten percent of community- dwelling 
individuals to over half of those in rehabilitation 
centers. Another 46 % are at risk [19]. A serum 
albumin of less than 3.5 g/deciliter accurately 
reflects nutritional status and should be a part of 
the routine laboratory evaluation in elderly poly-
trauma patients. In 1999 the Geriatric Hip 
Fracture Research Group at the Hospital for Joint 
Diseases in New York described that patients 
with abnormal albumin levels were 2.9 times 
more likely to have a length of stay greater than 2 
weeks, 3.9 times more likely to die within 1 year 
of surgery, and 4.6 times less likely to recover 
their prefracture level of independence [20]. 
Also, a nation-wide Veteran’s Administration 
Surgical Risk Study published in 1999 estab-
lished a strong association between decreasing 
serum albumin levels and increasing mortality 
and morbidity in patients undergoing major non-
cardiac operations [21]. Other important indica-
tors of severe malnutrition include a body mass 
index less than 20 kg/m2, an unintentional weight 
loss of more than ten percent in 6 months, and a 
total lymphocyte count of less than 1500 cells/
ml. Although the urgent nature of an acute frac-
ture in a polytrauma patient does not allow for the 
preoperative optimization of a patient’s nutri-
tional status, intervention with nutritional supple-
mentation containing calorie-rich and protein-rich 
preparations in the postoperative period may help 
lower the rates of infection and pressure ulcer 
formation, improve wound healing, shorten hos-
pitalization, and improve mortality rates. Serum 
prealbumin levels biweekly should be obtained to 
monitor catabolic status.

16.3.4  Cognitive Impairment

Cognitive dysfunction disorders in the elderly, 
although prevalent, are not well understood. 
Included are simple cognitive impairment, demen-
tia, Alzheimer’s disease, cerebrovascular disease, 
stroke, and idiopathic medical conditions. Who is 
at risk, how quickly a condition progresses, and 
how different diagnoses interact or are defined, 
are all areas of active  investigation. Cognitive 

impairment without dementia is estimated to be 
present in up to one in five septuagenarians, and 
the progression to clinical dementia in these indi-
viduals is roughly 10 % per year. Comprehensive 
assessment tools such as the Mini-Mental State 
Examination, Memory Impairment Screen, and 
Cognitive Abilities Screening Instrument are 
available and have been validated in the litera-
ture. Their use is increasing among primary care 
physicians and geriatricians, and their results can 
supply a valuable baseline objective assessment 
of cognitive functioning in an elderly individual 
who is not known to the acute care practitioner 
or trauma physician. The Mini-Cog is a brief 
screen that employs three- item recall and a clock 
drawing task. It has sensitivity and specificity of 
99 and 96 %, respectively, for dementia; can be 
administered rapidly; and strikes the best balance 
between accuracy and ease of administration in 
the acute setting [22].

Dementia, as a preexisting condition, is a 
strong predictor for developing delirium, an acute 
confusion state, in polytrauma patients and post-
operative elderly patients, particularly those being 
cared for in the intensive care unit. Delirium is 
associated with longer hospital stays, func-
tional decline, and higher mortality rates [23]. 
Prevention, detection, and treatment of delirium 
are important goals in the management of the 
geriatric polytrauma patient. Typically, onset 
occurs 1–2 days following surgery or injury and 
can persist for several days. Prevention should 
begin with a medication assessment and a reduc-
tion or elimination of psychoactive drugs when-
ever possible. Nonpharmacologic approaches to 
managing sleep, anxiety, and agitation are pref-
erable to medication. Benzodiazepines should be 
avoided whenever possible, and haloperidol, or 
olanzapine, should be reserved for those patients 
with agitation severe enough to risk interruption 
of essential medical therapies or self-injury, or for 
those with distressing psychotic symptoms such 
as hallucinations or delusions. Involving family 
members in care is crucial, particularly for reori-
entation and prevention of self-harm. Encourage 
mobility, ensure that if needed, patients have 
glasses, hearing aids, and dentures, and commu-
nicate regularly with them and their families [24].
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16.3.5  Functional Capacity

Functional status in the geriatric population is 
most often described by an individual’s ability to 
perform activities of daily living (ADL), which 
typically include bathing, dressing, transferring, 
feeding, continence, and toileting. An easy 
screening method, with utility in the acute care 
situation, involves asking four simple questions: 
“Can you get out of bed yourself?” “Can you 
dress yourself?” “Can you make your own 
meals?” and “Can you do your own shopping?” 
[25] An appreciation for a patient’s preexisting 
functional status is important as poor status and 
impaired mobility are associated with postopera-
tive delirium, discharge institutionalization, mor-
tality, and even surgical site infections due to 
methicillin-resistant Staphylococcus aureus [26]. 
Lawrence and colleagues from the Veterans 
Evidence-based Research Dissemination and 
Implementation Center followed an elderly 
cohort of patients for 6 months following abdom-
inal surgery and concluded that better preopera-
tive physical performance status independently 
predicted better recovery and shorter time to 
recovery across multiple measures including 
ADL and Mini-Mental State Exam [27].

16.4  Frailty

Geriatricians have long recognized frailty as an 
entity distinct from chronological age, comorbid-
ity, or disability. Although not well defined, frailty 
has been characterized as “a biologic syndrome 
of decreased reserve and resistance to stressors, 
resulting from cumulative declines across mul-
tiple physiologic systems, and causing vulner-
ability to adverse outcomes” [28]. In 2001, Linda 
Fried and colleagues from the Cardiovascular 
Health Study Collaborative Research Group 
operationalized and validated a phenotype that 
included the following five criteria: unintentional 
weight loss (10 lbs in past year), self-reported 
exhaustion, weakness (grip strength), slow walk-
ing speed, and low physical activity. Using data 
from community-dwelling older adults that par-
ticipated in the Cardiovascular Health Study, they 

defined frailty as a clinical syndrome in which 
three or more criteria were present. Frailty, as 
described in this way, was found to be an inde-
pendent predictor of incident falls, hospital-
ization, disability, and death within 3 years. 
Intermediate status, in which one or two of the 
criteria were present, placed individuals at signif-
icant risk of progression to frailty over 3–4 years. 
Woods et al. corroborated these findings in 2005 
using data from 40,657 women aged 65–70 who 
participated in the Women’s Health Initiative 
Observational Study [29]. In 2010, Martin 
Makary and his surgical colleagues prospec-
tively measured frailty using the Fried criteria 
(also referred to as the Hopkins Frailty Score) in 
594 patients, age 65 and older, undergoing elec-
tive surgery, and found that frailty independently 
predicted postoperative complications, length of 
stay, and discharge to a skilled or assisted-living 
facility [30] (Table 16.1).

Other researchers have attempted to quantify 
the presences of frailty by measuring abnor-
malities across the various elements of the 
Comprehensive Geriatric Assessment, a non-
standardized, multidisciplinary evaluation intro-
duced in 1987 by the American Geriatric Society. 
Relevant domains include cognition, function, 
nutrition, chronic disease burden, and geriatric 
syndromes such as frequent falls. This method 
of defining frailty has come to be known as the 
accumulation of deficits model and has also 

Table 16.1 Frailty phenotype [30]

Frailty criteria Measurement

Shrinkage Loss of 10 or more pounds in the last 
year

Weakness Decreased grip strength (<20 % by 
gender and BMI)

Exhaustion Self reported “exhaustion,” poor 
energy or endurance

Slowness Slow walking (lowest 20 % by age 
and gender)

Low activity Low weekly energy expenditure: 
lowest 20 %
Males: <383 kcals/week
Females: <270 kcals/week

1 point for each criterion met
0–1 = not frail
2–3 = intermediate frail or prefrail
4–5 = frail
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been studied and validated as a predictor of out-
come in elderly surgical patients. Robinson et al. 
described a simple frailty score that employs 
seven characteristics and takes an average of 
5 min per patient to collect; when used within 30 
days of elective operation (colorectal or cardiac), 
a score of four or more was found to be asso-
ciated with increased postoperative complica-
tions [31]. Perhaps a more useful measure in the 
acute care setting is the Modified Frailty Index. 
(Table 16.2) This 11-item survey can be obtained 
mostly by history and is scored as a ratio; one 
point is given for each feature, and the total is 
divided by the number of variables for which the 
patient has data, resulting in an ordinal variable 
with stepwise increases from zero to one. In a 
retrospective analysis of emergency general sur-
gery cases in patients over the age of 60 using the 
National Surgical Quality Improvement Program 
database, the Modified Frailty Index showed a 
strong correlation with infection complications 
and mortality and was 11 times more predictive 
of death than age alone [32].

16.5  Reversal of Therapeutic 
Anticoagulation

Oral anticoagulation for stroke prevention in 
patients with chronic cardiac arrhythmias is 
well established, and warfarin remains the most 

 common medication in use for this purpose. 
Newer oral direct thrombin inhibitors such as 
Dabigatran are approved in the United States, 
Europe, Australia, and Japan, and their use is 
growing. Platelet inhibition for a number of car-
diovascular and vascular indications is also well 
established with widespread use of aspirin and 
Clopidogrel, often in combination. Clearly, poly-
trauma patients with medication-induced coagu-
lopathy are at an increased risk of hemorrhage, 
and a large retrospective survey of the California 
Office of Statewide Planning and Development 
database over a 14 year period revealed a two 
fold increase in all-cause mortality following a 
ground-level fall in elderly patients (age >65) who 
take oral anticoagulants [33]. Patients with trau-
matic brain injury are most at risk for the rapid 
development of life-threatening complications 
and in the same survey, 31.6 % of those taking 
oral anticoagulants died with head injury as com-
pared to 23.8 % of patients not anticoagulated. 
Even patients with injuries limited to fractures, 
however, can be impacted by delays to surgical 
reduction, longer hospital stays, and higher rates 
of disposition to rehabilitation or nursing facili-
ties [34]. Based primarily on work done by Ivascu 
and colleagues [35, 36], the EAST practice man-
agement guidelines committee was able to offer 
recommendations based on Class III scientific 
evidence (retrospectively collected data): [37]

 1. All elderly patients who were taking medica-
tions for systemic anticoagulation before their 
injury should have appropriate assessment of 
their coagulation profile as soon as possible 
after admission.

 2. All elderly patients with suspected head injury 
(e.g., those with altered GCS, headache, nausea, 
external trauma, or high-energy mechanism) 
who were taking medications for systemic anti-
coagulation before their injury should be evalu-
ated with head computed tomography as soon 
as possible after admission.

 3. Patients receiving warfarin with a posttraumatic 
intracranial hemorrhage should receive initia-
tion of therapy to correct their international nor-
malized ratio (INR) toward a normal range 
(e.g., <1.6× normal) within 2 h of admission.

Table 16.2 Modified Frailty Index criteria [32]

History of 
diabetes mellitus

Functional status 2 
(not independent 
in 30 days prior to 
surgery)

History of 
COPD or 
pneumonia

History of 
congestive heart 
failure

History of 
hypertension 
requiring 
medication

History of 
transient 
ischemic 
attack or 
stroke

History of 
myocardial 
infarction

History of 
peripheral 
vascular disease or 
rest pain

History of 
Stroke with 
neurologic 
deficit

History of prior 
cardiac surgery or 
percutaneous 
intervention

History of 
impaired 
sensorium
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Transfusion of thawed fresh-frozen plasma 
(FFP) and the administration of parenteral vita-
min K remain first line therapies for the rever-
sal of the effects of warfarin. The use of FFP in 
the case of bleeding complications or emergency 
surgery, however, can be time-consuming and 
poorly tolerated in elderly patients with limited 
cardiopulmonary reserve. An appealing alter-
native is the prothrombin complex concentrate 
which contains human plasma-derived prothrom-
bin and coagulation factors VII, IX, and X (vita-
min K-dependent). These lyophilized products 
(Kcentra/Beriplex and Octaplex) are standard-
ized to potency, unlike FFP, and can be rapidly 
administrated at low volumes. Several other 
plasma-derived coagulation factor concentrates 
exist (e.g., fibrinogen, antithrombin), and their 
use, particularly when combined with the rapid 
diagnostic accuracy of rotational thromboelas-
tometry point-of-care testing, allows a more spe-
cific targeting of coagulation deficiencies. As a 
result, newer treatment algorithms are emerging 
that could considerably reduce the use of alloge-
neic blood products [38].

16.6  Advanced Directives

Nearly one third of individuals over the age of 
65 will undergo an inpatient surgical procedure 
during the year before their death [39]. Many of 
these procedures fall within the scope of acute 
care surgery, polytrauma, or fracture fixation. 
Increasingly, these patients present to the hospital 
with advanced directives, such as a Living Will 
or Healthcare Power of Attorney, that include 
“Do Not Resuscitate” (DNR) orders. According 
to data from the Health and Retirement Study, 
over two-thirds of people aged 60 and above had 
an advanced directive at the time of their death 
in 2010, an increase of more than 50 % over the 
previous decade [40]. In the emergency care set-
ting, interpreting advanced directives and DNR 
orders can be complicated. Although they may 
be specific for listing limitations (e.g., no car-
diac compressions, endotracheal intubation, 
advanced airway management, or defibrillation), 
they are often vague as to application (e.g., in 

the event of a terminal illness, or no reasonable 
hope of functional recovery). The administra-
tion of anesthesia alone will expose patients to 
practices and procedures that might be viewed 
as “resuscitation.” Additionally, operative inter-
ventions and anesthesia may subject patients 
to new and potentially reversible risks of car-
diopulmonary arrest. Policies that automati-
cally suspend DNR orders or other treatment 
limitations prior to surgery are no longer recom-
mended by the American College of Surgeons or 
American Society of Anesthesiologists [41, 42]. 
Rather, a policy of “required reconsideration” is 
felt to be more appropriate. This process should 
involve a candid discussion with the patient or 
the patient’s representative that outlines intraop-
erative and perioperative risks associated with 
the surgical procedure as well as an approach 
for potentially life-threatening problems. Any 
clarifications of or modifications to the patient’s 
directives should be documented in the medical 
record and communicated to other members of 
the health care team.
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17.1  Introduction

The treatment of severely injured, polytrauma-
tized children is not only, due to its social con-
text, one of the most feared challenges in 
medicine and recent data showed that even spe-
cialized trauma centers only take care of up to 
1–2 polytraumatized children per month [1], 
making it difficult to gain profound experience 
with the various different physiological and ana-
tomical conditions and reactions of children to 
polytraumat. A lack of large, evidence-based 
studies goes along with it. But not only traumatic 
injuries remain the main causes of death and 
impairment in children above 1 year [2], data fur-
ther suggests that up to 30 % of the early deaths 
in polytraumatized children would have been 
avoidable with adequate trauma therapy [3].

17.2  Definition and Epidemiology

Similar to adults, polytrauma in children is 
defined as a combination of injuries involv-
ing two or more organ systems as a result of a 
single incident that accounts for life-threatening 
 condition [4].

The incidence of pediatric patients in emer-
gency services in general is estimated about 
5–10 % of all patients admitted to an emergency 
department [5]. Similarly, the incidence of poly-
traumatized children is estimated to be 360 per 
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100,000, which accounts for 6 % of all polytrauma 
patients. The overall mortality is about 12 % [6].

According to the German Trauma Register, a 
nationwide database established in 1993 and col-
lecting data from multiply injured trauma patients, 
between January 1993 and December 2007, 1333 
children below 14 suffered from an Injury Severity 
Score (ISS) >9. Age breakdown was as follows:

Up to 1 year ~ 9 %, 1–5 years ~ 23 %, 6–9 
years ~ 30 %, 10–14 years ~ 38 % [7].

17.3  Anatomic and Physiologic 
Specifics in Children 
and Adolescents

Children are not small adults, especially not in 
traumatology. Starting with a lower body mass, 
which has to absorb the energy of the trauma, a 
thinner soft tissue cover and exposed organs pre-
dispose children to severe injuries. Beneath the 
specific anatomically related injury precondi-
tions that will be more deeply addressed in the 
sections below, general physiological precondi-
tions and changes during aging have to be known. 
Blood pressure, heart rate, and breathing fre-
quency are just some of the basic changes 
between adults and children (Table 17.1) [8]. In 
relation, children exhibit a larger body surface 
compared to their total body volume. That puts 
especially small children in danger for hypother-
mia. Although the relative blood loss is tolerated 
better by children than adults, the total amount 
can easily be underestimated and deterioration of 
the child can happen very fast when critical bor-
ders are crossed (Table 17.2). A physiological 
blood volume of 80 ml/kg is usually calculated, 
more than 40 % blood loss will trigger severe 

hemorrhagic shock. Consequently, data from the 
German Trauma Register shows that polytrauma-
tized children also need higher rates of basic CPR 
than adults with comparable injuries (16.2 vs- 
3.1 %) [9]. Therefore, focused and continuous 
careful reassessment is essential.

17.4  Patterns of Injury

In young children, fall from a high place with 
resulting head and neck injuries leads statistics. 
The physiological conditions, especially the dis-
proportionately large head and weak neck mus-
culature in children less than 3 years of age 
(Fig. 17.1), puts them at a high risk for brain and 
neck injuries, even at low velocities [10].

With growing age, traffic accidents account for 
the majority of trauma and incidence of abdomi-
nal, thoracic, and extremity injuries gain numbers. 
Thereby, trauma by bicycle, pedestrian, and motor 
vehicle accidents each account a third of trauma 
cause, showing a higher proportion of pedestrians 
and bicyclists among children compared to adults.

Common trauma-injury conditions like the 
dash board injury in adults are the combination of 
lumbar spine fractures with abdominal lesions of 
liver or small bowels due to an insufficient safety 
belt [6] or the combination of thoracic injury and 
femur fracture on one side and head injuries on 
the opposite side due to hit facing the car (so- 
called Waddell’s triad).

Table 17.1 

Age group
Weight range 
(kg)

Heart rate  
(beats/min)

Blood pressure 
(mmHg)

Respiratory rate 
(breaths/min)

Urinary output 
(ml/kg/h)

0–12 months 3.5–10 <160 >60 <60 2.0
1–2 years 10–14 <150 >70 <40 1.5
3–5 years 14–18 <140 >75 <35 1.0
6–12 years 18–36 <120 >80 <30 1.0
13–18 years 36–70 <100 >90 <30 0.5–1.0

Modified from ATLS [8]

Table 17.2 

Age (years) Blood loss (ml) % total blood volume

4 500 40
8 500 25
Adult 500 10
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17.5  Scoring

Although the Injury Severity Score (ISS) is usable 
for children, other scores like the PTS, the Pediatric 
Trauma Score, have been developed to provide a 
more specific tool. The PTS consists of a combina-
tion of anatomical and physiological values and 
can reach scores between −6 and +12. It has been 
shown that the PTS correlates with overall survival 
rates in polytraumatized children (Table 17.3) [11].

17.6  First-Line Treatment 
in Polytraumatized Patients

Training as well as strategic and attentive treat-
ment algorithms are the answer to optimal first- 
line care in polytraumatized children [1].

Under optimal circumstances, an experienced 
trauma team, consisting of the basic disciplines 
of anesthesia, radiology, and trauma surgery, 

should be supported by a pediatric competence, 
ideally a pediatric surgeon, pediatric intensive 
care provider, or abdominal surgeon with pediat-
ric experience. Similar to adult trauma therapy, 
additional disciplines like thoracic surgery, neuro 
surgery, etc., may be useful if available. Besides 
this ideal setting, in prehospital settings or small 
trauma centers, there might be initially only one 
medical professional. In any way, the major goal 
of the first-line treatment consists of three parts:

• Protection of vital functions
• Rapid diagnostic
• Initiation of differentiated therapy

To reach these goals, working according to 
common and daily used algorithms is useful. The 
ATLS (advanced trauma life support), well estab-
lished in adult polytrauma treatment, applies to 
most situations and is often recommended. The 
primary survey follows the maxim “treat first 
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Fig. 17.1 Relationship between head, trunk, and extremities in children vs. adults (Bernbeck and Dahmen [31])
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what kills first” and consists of an easy A-B-C- 
D-E pattern.

A. Airway: To maintain or reestablish supple-
mentation of oxygen, neck protection with a 
rigid cervical collar is necessary until 
 definitive exclusion of instability. As young 
children often have a prominent occiput, a pad 
placed under the thoracic spine should be used 
to provide neutral alignment of the spine.

Oxygen is delivered in all cases initially with 
high flow rates via mask. Foreign bodies, 
occluding the upper airways, have to be 
removed. If internal airways have collapsed, 
naso-pharyngeal or oro-pharyngeal tubes are 
available and easy to insert (Guedel or Wendel 
tube). If the neurological status puts the patient 

at risk for aspiration, endotracheal intubation 
should be performed. The anatomical precon-
ditions, like a bigger tongue or cephaled lar-
ynx, have to be anticipated, as well as vagal 
reflexes due to pharyngeal stimulation like 
bradycardia or hypersecretion.

B. Breathing: Hypoxia is the major cause of car-
diac arrest in children. Thereby, due to the 
increased elasticity of the pediatric thorax, 
also without clinical signs of thorax trauma, 
severe lung contusion can exist. Sufficient 
ventilation, also with high PEEP (15 mmHg), 
can be necessary, for example, in drowning 
accidents. In case of asymmetric thorax move-
ment, thoracic emphysema, missing breathing 
murmurs, or other signs of a hemato-/pneu-
mothorax, a chest tube must be inserted to 
evacuate hematoma and/or air.

C. Circulation: It is essential to know age-related 
heart frequencies and blood pressure to val-
idly assess pediatric status. In hemodynamic 
shock and centralization, even for experienced 
pediatrics or emergency doctors it can be dif-
ficult and time consuming to establish suffi-
cient peripheral vein access (that means 2 big 
and working intravenous accesses). In these 
cases, it is essential not to waste time (espe-
cially not in a prehospital setting with a cen-
tral line), but to establish temporary 
intraosseous access through the proximal 
tibia. This can be easily done by modern drill-
ing machine systems. If the proximal tibia is 
fractured on both sides, other body parts like 
the malleolus or proximal humerus may be 
chosen. The administered volume must be 
carefully reevaluated especially in young chil-
dren, as hypervolemia can easily be reached. 
A bolus of 20 ml/kg saline is recommended.

D. The assessment of neurological status must be 
related to the age. In all case, the (p)GCS 
(Pediatric Glasgow Coma Scale) should be 
assessed. Neurological impairments due to 
injuries of the extremities or spine have to be 
assessed according to the overall situation and 
age-related compliance of the child.

E. Exposure: Hypothermia must be avoided and 
addressed as soon as possible; the younger the 
child, the more it is important. Due to the pro-

Table 17.3 

I Scoring

A. Weight
  1. Weight > 20 kg: score +2
  2. Weight 10–20 kg: score +1
  3. Weight < 10 kg: score −1
B. Airway
  1. Normal airway: score +2
  2. Maintained airway: score +1
  3. Invasive airway (e.g., intubated): −1
C. Systolic blood pressure
  1. SBP > 90 mmHg: score +2
  2. SBP 50–90 mmHg: score +1
  3. SBP < 50 mmHg: score −1
D. Central nervous system
  1. Awake: score +2
  2. Obtunded: score +1
  3. Coma: score −1
E. Open wound
  1. No open wound: score +2
  2. Minor open wound: score +1
  3. Major open wound: score −1
F. Skeletal trauma
  1. No skeletal trauma: score +2
  2. Closed fracture: score +1
  3. Open fracture or multiple fractures: score −1
II. Interpretation

A. Score range: +12 to −6
B. Trauma score ≤8 indicates significant mortality risk
III. References

A. Tapas (1987) J Pediatr Surg 22:14
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portional larger surface compared to their 
body volume, loss of warmth can be enor-
mous, especially when loss of warm body liq-
uids accompany.

First-line treatment in the emergency room is 
completed by a body-to-toe examination and ultra-
sound examination of the abdomen. Native x-rays 
of the thorax and pelvis are taken synchronous to 
the clinical evaluation. In some cases, the diagnos-
tic via MSCT (Multi Slice Computer Tomography) 
can be avoided, as sensitivity of repeated ultra-
sound examinations in combination with clinical 
assessment can reach sensitivity for abdominal 
injuries of up to 100 %. In most cases, a CT scan 
must be performed, to avoid missing life-threaten-
ing injuries in difficult accessible regions and 
incompliant patients. In this respect, it is of utmost 
importance that a dedicated CT protocol is per-
formed with lower dosis and protection of the eyes.

The combination of volume refractory hypo-
volemia and abdominal or thoracic stab injury 
can lead to direct operative treatment without fur-
ther diagnostic, especially if sonography detects 
intra-abdominal or thoracic fluids with a severe 
hemorrhagic shock.

In all other cases, a secondary survey with ini-
tiation of initial injury-specific therapy completes 
the emergency room treatment [8].

17.7  Specific Injuries

17.7.1  Head Trauma

Approximately 80 % of all pediatric polytrauma 
patients suffer from head injuries, with fall from a 
height being the main cause of trauma up to the age 
of 5. Thereby, brain injuries are the leading cause 
of trauma-related death in children [12]. Due to the 
disproportionately large head and weak neck mus-
culature, even fall from low height may lead to 
severe brain injuries. Additional physiological pre-
conditions of the immature brain like higher meta-
bolic rate and vasoreactivity lead to significantly 
higher rates of posthypoxic edema [13].

Therefore, the fast assessing and addressing of 
brain injuries is crucial in pediatric polytrauma 

management. In all cases of higher trauma or sig-
nificant deficits of the GCS, a CT scan should be 
performed. Kupperman et al. showed that the age-
related combination of different clinical signs can 
help to decide whether in some cases a CT scan can 
be avoided in mild traumatic head injuries [14].

Hypoxia and hypotension exacerbate the 
direct brain injury and must be avoided at any 
price. The indication for intubation should be 
made generously, especially if the neurological 
state preconditions aspiration (GCS < 8). A 
GCS < 8 is also often seen as indication for the 
operative insertion of a ventricular or intraparen-
chymal pressure monitoring device.

Diffuse traumatic brain injury (TBI) is the 
most common type of injury and results in a 
range of injury severity from concussion to dif-
fuse axonal injury (DAI). If CT scan detects a 
shift of the midline, a hemicraniectomy is recom-
mended, and, as outcome even in severe brain 
injuries is better in children than in adults, should 
be considered even in worst injuries.

Large hematoma should be urgently evacuated 
via trepanation or hemicraniectomy, as both sub-
dural hematoma as well as epidural hematoma 
have shown to worsen outcome after 3 h 
(Fig. 17.2). In some cases, also the evacuation of 
intraparenchymal bleedings can be useful.

Fig. 17.2 Epidural hematoma, patient 8 months, fall 
from chair
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In all cases, intensive care therapy and intense 
neuromonitoring is mandatory. Therapy principles 
are similar and often relay on guidelines for adult 
head and brain injuries, giving special interest to 
the cerebral perfusion pressure (CCP). The CCP is 
the difference between the intracranial pressure 
(ICP) and the mean arterial pressure (MAP). As the 
MAP physiologically is much lower in children, 
the recommended CCP values differ.

Intensive therapy further requires the main-
taining of norm glycemia, norm hypoxia, and an 
elevated position of the head (30°) for optimal 
venous blood flow. The effects of controlled 
hypothermia in TBI to reduce ICP and improve 
outcome are still discussed as side effects like 
cardiac arrhythmias, impaired immune function, 
and coagulation cascade seem to eradicate previ-
ously reported benefits [13].

17.7.2  Thoracic Trauma

Approximately 25–50 % of all pediatric poly-
trauma patients suffer from thoracic injuries. 
Thereby, thoracic trauma worsens outcome and 
increases risk of death in polytraumatized children. 
Due to the increased compliance of the children’s 
chest wall, severe lung injuries can occur without 
signs of external instability in the primary survey 
[15]. Special interest has to be put on specific signs 
of lung injuries like cutaneous emphysema, para-
doxical breathing, or missing breathing murmurs. 
Critical edema and relevant pneumothorax should 
be assessed and addressed before CT scan via 
insertion of a chest tube by minithoracotomy.

Pericardial effusion and injuries of the central 
vessels are rare, but may need direct intervention 
like pericardiocentesis. In cases of instable, volume 
refractory circulation and sharp chest trauma, emer-
gency (lateral) thoracotomy may be the only choice.

Injuries of the tracheobronchial structures can 
be treated up to a quarter of the circumference 
conservative; otherwise, operative reconstruction 
is necessary.

Lung contusion and ARDS (acute respiratory 
distress syndrome) with resulting respiratory 
insufficiency are in focus of further therapy. Due 
to the trauma mechanism, contusion should also 
be anticipated without signs in the initial CT 

scan. Oxygenation indices like the Horrowitz 
Index (PaO2/FIO2) can help to further classify the 
respiratory insufficiency and control therapy.

Therapy includes kinematic therapy and differ-
ent oxygenation protocol, and use of antibiotics in 
case of postcontusion pneumonia, but also ECMO 
(extracorporeal membrane oxygenation), may be 
required in exceptional situations [16, 17].

17.7.3  Abdominal Trauma

Approximately 15–45 % of all pediatric poly-
trauma patients suffer from abdominal injuries. 
The in relation larger liver and spleen in combina-
tion with a lower diaphragm and less developed 
abdominal wall musculature preconditions organ 
lesions, for example, due to an insufficient lumbar 
safety belt (Fig. 17.3). Different classification sys-
tems exist to further specify liver, spleen, and kid-
ney injuries, like the classification of the American 

Fig. 17.3 Thoracic and abdominal marks in a patient run 
over by a tractor
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Association for the Surgery of Trauma (AAST). 
Most of the organ lesions today are treated con-
servative [18], but close monitoring is mandatory. 
In case of deterioration, a secondary organ rupture 
has to be considered [19]. Although it could be 
shown that the risk of death from intra-abdominal 
bleeding by a spleen rupture is considerably low, 
hematothorax, surprisingly much more significant 
than hematoperitoneum, had a 45 times higher 
risk of death [20].

In cases of hemodynamic instability and need 
for surgical bleeding control, operation is 
required. Depending of the overall situation of 
the patient, like in volume refractory thoracic 
sharp trauma, even emergency laparotomy with-
out further diagnostic evaluation can be manda-
tory. Operation includes local blood control by 
direct suturing, ligation, and coagulation. In 
cases of uncontrollable organ bleeding, an 
abdominal (most often perihepatical) packing 
can be performed to gain time for resuscitation or 
neurosurgery operations. After stabilization, 
definitive treatment, for example, closing of bili-
ary leakages, follows.

Ruptures of the bowel and intestines are 
addressed by direct suturing or segmental resec-
tion. In case of massive contamination (e.g., anal 
impalement trauma), a temporary artificial anus 
can be established. Intramural hematomas usu-
ally are treated conservative.

Injuries to the urogenital system are addressed 
primarily by different drainage systems, a sec-
ondary reconstruction may follow.

Injuries to the pancreas are also usually treated 
conservative; in case of larger laceration, early 
partial resection seems to have benefits [21].

Diaphragm injuries have to be excluded and 
tears closed by direct suture.

17.7.4  Bones

Most pediatric polytrauma patients suffer from 
fractures. The risk of sustaining a fracture 
increases with age until approximately the age of 
13. Orthopedic injuries are rarely life threaten-
ing. However, they can be the major cause for 
long-term morbidity. Depending on the age, up to 
90 % of all fractures occur at the extremities 

whereas fractures of the trunk only constitute 
10 %. In young children, fractures of the lower 
extremities are common. In older children, frac-
tures of the long bones of the upper extremity are 
observed two to three times more often than frac-
tures of the lower extremities.

The main localization of the fracture is the 
bone metaphysis with 65 % followed by the 
diaphysis with 25 %. Injuries of the epiphysis are 
less common and approximately 10 %. Depending 
on the age of the child, the corrective potential 
can be used in pediatric fracture therapy. Initial 
management of extremity injuries should include 
the following:

• Covering all wounds with sterile dressing
• Realigning the deformed extremities
• Splinting all potentially injured extremities
• Neurovascular examination before and after 

the reduction and splinting with assessment of 
the tightness [8, 22]

17.7.4.1  Pelvis
Similar to thoracic injuries, severe injuries of 
the pelvic bones or organs can occur without 
suspicious external signs of trauma. If a pelvis 
fracture is detected, high-energy trauma must 
be considered and organ lesion excluded. Most 
of the pelvic fractures belong to the A/B type 
and can be treated conservative; in C-type, 
external fixation with a fixateur externe must be 
performed and, most of the time, is also defini-
tive treatment. If secondary reconstruction is 
necessary, disturbance of the growth zones/
physis should be avoided [23–25]. Although 
most of the pediatric pelvic fractures are not 
hemodynamically relevant, in some cases, 
especially “open book” fractures, indirect blood 
control may be essential. As age-related devices 
are not available everywhere, classical bondage 
of in-rotated legs is still performed. If arterial 
bleeding is detected via CT scan, interventional 
radiology and coiling of bleeding vessels may 
be useful [25].

17.7.4.2  Spine
Due to a disproportionately large head and weak 
neck musculature in children (especially in those 
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less than 3 years of age), horizontally adjusted 
facet joints, and other preconditions, fractures of 
the upper cervical spine are much more common 
up to the age of 12 [10]. Atlanto-occipital disloca-
tion often combined with severe brain injuries 
most often results in ultimate resuscitation need 
and has a bad prognosis. Fractures of the dens are 
usually Salter-Harris-Type-I-fractures and can be 
treated with a Halofixateur. Ligamentous instabili-
ties, often located segment C2/3, are addressed by 
posterior fusion and immobilization with a 
Halofixateur.

Injuries to the lower cervical spine are com-
monly seen in older children. Here, as well as in 
thoracic and lumbar spine fractures, type A frac-
tures dominate and can most of the time be treated 
conservative. Indications for operative treatment 
(internal fixation) are similar to adult treatment, 
with emergency indication for hemilaminectomy 
if neurological impairment is diagnosed [9].

17.7.4.3  Extremities
Although fractures of the extremities are the sec-
ond most abundantly seen injuries in polytrauma-
tized children, their diagnosis and therapy is often 
of secondary relevance, with exception of femur 
fractures and their associated blood loss [26]. 
Therefore, femur fractures need to be stabilized 
operatively during day one surgery. Due to a larger 
compliance of the young bone, a thicker periost, 
etc., severe soft tissue damage due to bone frag-
mentation is less common. Stabilization in casts 
can be performed in most cases to facilitate first-
line treatment of abdominal or neurosurgical inju-
ries, but in each and every case, a preferably 
ultimate stabilization should be achieved early 
(day 1–2), to avoid additional production of proin-
flammatory signals [27]. If open fractures are 
apparent, a compartment syndrome develops or 
neurovascular injuries accompany the fracture, 
operative stabilization and soft tissue care is 
needed (Fig. 17.4). In general, surgical debride-
ment should be more conservative in children 
because of the more regenerative potential [28].

17.7.4.4  Corrective Potential
Growing bones possess the ability to correct 
deformities like angulations during growing. The 

potential is dependent on the age of the child, the 
fracture type, the direction of dislocation, degree 
of angulation, and other factors. In general, the 
younger the child, the better angulations are cor-
rectable, and varus deformities are much better to 
correct than rotational deformities.

The contribution of each physis to the longitu-
dinal growth is different. The highest growth 
potential at the upper extremity is located at the 
proximal humerus and the distal forearm, whereas 
the physis located around the elbow only contrib-
utes a small extent to the longitudinal growth 
(Fig. 17.5). The physis with the greatest part of the 
longitudinal growth at the lower extremity is 
located centrically around the knee joint [29].

17.7.4.5 Diaphyseal Fractures
In polytraumatized children, first-line operation 
has to be performed in diaphyseal fractures of the 
large diaphysis or large soft tissue damage. 
Fixateur externe and intramedullary nailing 
(ESIN) is performed to allow intensive care 
(Fig. 17.6). Elastic stable intramedullary nailing 
(ESIN) is a minimally invasive, movement- and 
partial load-stable procedure in the treatment of 
diaphyseal and metaphyseal shaft fractures. The 
principle is based on a three-point support with 
two pretwisted flexible titanium nails inserted 
into the bone shaft. The ideal fracture is a diaphy-
seal transverse fracture, but also diagonal and 
spiral fractures can be treated. Due to the high 
correction potential, depending on the exact loca-
tion, sometimes also large varus displacements 
can be tolerated. ESIN is – if possible – the treat-
ment of choice in shaft fractures besides the 
external fixateur. Plate osteosynthesis is reserved 
for seldom instable fractures of adolescents close 
to the proximal femur, in order to achieve a rapid 
stabilization in the polytraumatized child.

17.7.4.6  Articular and Methapyseal 
Fractures

Articular fractures require exact anatomical 
reconstruction and should be addressed after 
the proinflammatory phase of polytrauma. 
Depending on the exact localizations and fracture 
type, operative treatment often includes K-wire 
stabilization to avoid additional disturbance to 
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the physis. With growing age,  operative implants 
become more and more similar to adult implants. 
The classical indication for percutaneous placed 
K-wires using a minimal invasive is in metaphy-
seal fractures. It can also be used in epiphyseal 
fractures in small children or in patients with 
small fracture fragments (Fig. 17.7). Removal of 
the percutaneous placed and above the skin left 
wires can usually be performed without anesthe-
sia. However, immobilization with a cast is nec-
essary to maintain stability [29].

17.7.4.7 Growth Plate
Injuries to the physis may disturb future bone 
growth and lead to angular or length discrepan-
cies. The classification of Salter and Harris and 
Aitken is most often used to asses fractures 
(Fig. 17.8). Type 1 is characterized by physeal 
separation, type II by a fracture that traverses the 
physis and exits through the metaphysis. Type III 
is characterized by a fracture that traverses the 
physis before exiting through the epiphysis and 
type IV by a fracture that traverses the epiphysis, 

a b c

Fig. 17.4 Preoperative CT scan of the left tibia of a 12-year-old boy after a severe train accident (a) and postoperative 
x-rays (b, c) after primary osteosynthesis with fixateur externe
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physis, and metaphysis. Type V describes a crush 
injury of the physis.

17.7.4.8 Transitional Fractures
Transitional fractures are fractures of the par-
tially closed growth plate during adolescence, 
mostly in girls around 11–13 years, in boys 
12–14 years. Transitional fractures most often 
occur in the distal tibia. The affecting force 
deflects to the joint by means of the already ossi-
fied part of the physis, so that a ventrolateral 
epiphyseal fragment is produced analogous to an 
osseous syndesmosis rupture, the so-called two- 
plane fracture. It is related to the size of the clo-
sure of the physis that has already taken place. 
Additional torsional forces can lead to further 
dorsal fragments, corresponding to a Volkmann 
triangle, the so-called triplane fracture.

Because of the low remaining growth poten-
tial of these children, reconstruction of the joint 
surface is the primary aim in these injuries; 
growth disorders are not usually expected in ado-
lescents [29, 30].
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Fig. 17.5 Corrective potential (in %) in extremity injuries [32]
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a bFig. 17.6 Pre- (a) and 
postoperative (b) x-rays of a 
diaphyseal femur fracture in 
an 2.5-year-old boy after 
primary osteosynthesis with 
ESIN

17 Polytrauma in Young Children
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Fig. 17.7 X-ray of a supracondylar humerus fracture after 
stabilization with crossed K-wires in a 5-year-old girl

I II III IV V

Fig. 17.8 Anatomical classification of Salter and Harris [33]
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Fracture Management 
in the Pregnant Patient

Erich Sorantin, Nima Heidari, Karin Pichler, 
and Annelie-Martina Weinberg

18.1  Epidemiology

Trauma in pregnancy is a relatively uncommon 
problem but it is complicated due to the altera-
tions of the maternal anatomy and physiology as 
well as the presence of the foetus in the gravid 
uterus. Between 4 and 8 % of all pregnant women 
have an accident resulting in an injury [1–4] but 
only 0.3–0.4 % require admission to hospital [5]. 
Trauma is the leading non-obstetric cause of 
maternal mortality accounting for 46 % of mater-
nal deaths [6]. This translates to approximately 
one million deaths per year worldwide. Pregnancy 
itself is not a risk factor for mortality following 
trauma, which has been shown to be a function of 
the severity of the injury [7, 8]. The risk of trauma 
to both the foetus and the mother increases as the 
pregnancy progresses with approximately 15 % 
of injuries occurring in the first trimester and up 
to 55 % in the third trimester. The pregnant 
patient seems to be more vulnerable to abdomi-
nal trauma and less prone to head or thoracic 
injury. It is not clear however whether the sever-
ity of the head injury is less or the potential for 
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recovery is greater [8]. The increase in the rela-
tive incidence of abdominal trauma with increas-
ing gestation is most likely due to change in the 
shape of the patient as well as inappropriate posi-
tioning of seat belts in motor vehicles. The lead-
ing cause of trauma is road traffic accidents, 
followed by falls [6]. Other important causes 
such as domestic violence should not be over-
looked, and some studies suggest this to be the 
leading cause of maternal mortality [9]. These 
injury patterns are described in reports from 
western countries.

The leading cause of foetal death is road traf-
fic accidents with the main aetiologies being 
maternal death and placental abruption. A combi-
nation of a non-viable pregnancy (less than 23 
weeks of gestation) and an injury severity score 
of greater than 8 has been shown to increase foe-
tal mortality fivefold [10].

Several risk factors have been identified for 
the occurrence of injuries and trauma in the preg-
nant patient including young age, history of 
domestic violence and drug abuse [11]. It is inter-
esting that some racial risk factors have been 
identified in the occurrence of trauma in preg-
nancy in the USA. It has been shown that African- 
American and Hispanic pregnant women are at 
higher risk for trauma in pregnancy [12]. This is 
more likely to be a function of the patient’s socio- 
economic status. After the high energy injuries, 
described above, pregnant women sustain low 
energy fractures associated with falls. 
Osteoporosis of pregnancy has been implicated 
in these injuries [13, 14].

18.2  Anatomic and Physiologic 
Changes in Pregnancy 
(Table 18.1)

The most obvious and dramatic change during 
pregnancy is the enlargement of the uterus 
brought about by the growth of the foetus. The 
uterus becomes an intra-abdominal organ at 
approximately 12 weeks of gestation. At 20 
weeks, the vertex of the uterus can be palpated at 
the level of the umbilicus, and by the 36th week, 
the uterus reaches the costal margin. In the last 

few weeks of pregnancy, fundal height decreases 
as the foetal head engages into the pelvis in prep-
aration for the birth.

Anatomical changes during pregnancy should 
be borne in mind when interpreting initial radio-
logical assessment of the patient. The elevation 
of the diaphragm by approximately 4 cm and its 
widening by 2 cm during late pregnancy should 
be appreciated on the chest radiograph. This may 
give the appearance of widened mediastinum and 
an enlarged heart. Increased levels of circulating 
progesterone lead to the softening of the sacroil-
iac ligaments, hence widening the joint space. 
The pubic symphysis may also be widened by 
4–8 mm [16].

The changes of the cardiovascular system are 
numerous and begin from the 8th week of gesta-
tion. Progesterone induces relaxation of the 
smooth muscle in the walls of the peripheral vas-
culature. There is a gradual decline in blood pres-
sure from week 10 reaching its lowest point by 
week 28 of gestation. In the third trimester, the 
blood pressure gradually returns to pre- pregnancy 
levels. The heart rate also shows an increase by 
10–15 beats per minute driving an increase in the 
cardiac output of 30–50 %. This gradually returns 
to normal over the first 2 post-partum weeks. 
There is a 50 % increase in the blood volume 
which is mostly due to an expansion of the plasma 
volume with only 30 % increase in the volume of 
red cells. This brings about a dilutional anaemia 
referred to as physiological anaemia of preg-
nancy. The hypervolaemic and hyperdynamic 
circulation allows the mother to tolerate blood 
loss of 500–1000 mL with little change in blood 
pressure and pulse rate. This however is achieved 
to the detriment of the foetus following trauma. 
Vasoconstriction of uterine and splanchnic blood 
vessels and diversion of circulatory volume 
masks maternal blood loss although signs of foe-
tal distress will be apparent prior to the mother 
showing the expected signs of shock [17].

Almost all of the coagulation factors increase in 
pregnancy. This along with the expansion of blood 
volume and cardiac output are important adapta-
tions for the expected blood loss at the time of 
delivery [11]. This hypercoagulable state predis-
poses the mother to thromboembolic disease.
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Table 18.1 Changes in maternal anatomy and physiology in pregnancy [11, 15]

Conditions Change during pregnancy Normal pregnancy values

Cardiovascular

Heart rate Increases 15–20 bpm 75–95 bpm
Cardiac output Increases 30–50 % 6–8 l/min
Mean arterial blood pressure Decreases 10 mmHg in mid trimester 80 mmHg
Systemic vascular resistance Decreases 10–15 % 1200–1500 dyn/s/cm-5

ECG Flat or inverted T waves in leads III, V1 and 
V2
Q waves in leads III and aVF

Hematologic

Blood volume Increases 30–50 % 4500 mL
Erythrocyte volume Increases 10–15 %
Hematocrit Decreased
White blood cell count Increased 5000–15,000/mm3

Factors I, II, V, VII, VIII, IX, X and 
XII

Increased

Fibrinogen Increased >400 mg/dL
Prothrombin time Decreased by 20 %
Partial thromboplastin time Decreased by 20 %
Respiratory

Tidal volume Increased 40 % 700 mL
Minute ventilation Increased 40 % 10.5 mL
Expiratory reserve volume Decreased 15–20 % 550 mL
Functional residual capacity Decreased 20–25 % 1350 mL
Upper airway Increased oedema; capillary engorgement
Diaphragm Displaced 4 cm cephalad
Thoracic anteroposterior diameter Increased
Risk of aspiration Increased
Respiratory rate Slightly increases in the first trimester
Oxygen consumption Increased 15–20 % at rest
Blood gas

pH Unchanged 7.4–7.45
PCO2 Decreased 27–32 mmHg
PO2 Increased 100–108 mmHg
HCO3 Decreased 18–21 mEq/L
Abdomen and genitourinary system

Intra-abdominal organs Compartmentalization and cephalad 
displacement

Gastrointestinal tract Decreased gastric emptying; decreased 
motility; increased risk of aspiration

Peritoneum Small amounts of intra-peritoneal fluid 
normally present; desensitized to stretching

Musculoskeletal system Widened symphysis pubis and sacroiliac 
joints

Kidneys Mild hydronephrosis (right > left)
Renal blood flow Increased 50–60 % 700 mL/min
Glomerular filtration rate Increased 60 % 140 mL/min
Serum creatinine Decreased <0.8 mg/dL
Serum urea nitrogen Deceased <13 mg/dL
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The respiratory system also undergoes some 
changes. There is engorgement of the respira-
tory mucosa that leads to difficulties in intuba-
tion and mucosal bleeding [18, 19]. This may 
result in severe airway compromise. There are 
also adaptations related to the increased meta-
bolic demands. The presence of the foetus 
necessitates an increase in oxygen consump-
tion of 15–20 %. Progesterone stimulates the 
respiratory centre leading to hyperventilation, 
which brings about a compensated respiratory 
alkalosis with a concomitant drop in the PCO2. 
There is a 4 cm elevation of the diaphragm 
with a 2 cm increase in the thoracic antero-
posterior diameter. This results in a 20–25 % 
decrease in the functional residual capacity 
[15]. The pregnant patient is therefore much 
less tolerant of hypoxia and the associated 
acidosis. Foetal oxygenation remains constant 
if maternal PaO2 is kept above 60 mmHg, 
because below this level there is a profound 
drop in foetal oxygenation [11].

Progesterone reduces gastrointestinal motility 
and the gravid uterus displaces the stomach ceph-
alad. This results in the incompetence of the gas-
troesophageal pinchcock mechanism placing the 
pregnant patient at greater risk of regurgitation 
and aspiration [20]. Therefore, all pregnant 
patients should be assumed to have a full stom-
ach and the threshold for insertion of a gastric 
tube lowered.

In the genitourinary system, there is gradual 
ascent of the uterus from the pelvis where it is 
well protected into the abdomen from the 12th 
week of gestation. Once the uterus becomes 
intra-abdominal, it is at greater risk of injury 
from blunt and penetrating trauma. The bladder 
is displaced anteriorly and superiorly. The renal 
pelvis and the ureters become dilated due to the 
compressive effect of the uterus as well as the 
effect of circulating progesterone. The increased 
cardiac output and blood volume increases renal 
perfusion by up to 60 % with a concomitant 
increase in the glomerular filtration rate. This 
leads to a significant reduction in the serum urea 
and creatinine levels [15].

18.3  Assessment of the Injured 
Pregnant Patient

18.3.1  General Assessment

The initial assessment and management of 
the injured pregnant patient follows the well- 
established routine of Advanced Trauma Life 
Support. The best initial treatment of the foe-
tus is the provision of optimum resuscitation 
for the mother accompanied by foetal monitor-
ing particularly when the foetus is viable. The 
safe and judicious assessment of the pregnant 
patient should be a multidisciplinary exercise 
with the early involvement of an obstetrician, 
neonatologist, radiologist and trauma surgeon 
[11, 15, 16, 21, 22].

Pregnant trauma patients can be divided into 
four groups. The first group are women, who are 
not aware that they are pregnant. Therefore, all 
female trauma patients in the reproductive age 
group should have a pregnancy test performed 
[23]. Identification of these patients is especially 
important because routine radiographic studies, 
performed in the trauma assessment, have the 
greatest teratogenic potential in early pregnancy. 
But this consideration should not interfere with 
life-saving investigations or interventions for the 
patient. Patients belonging to the second group 
are injured women of less than 26 weeks of ges-
tation. In these patients, resuscitation is aimed 
primarily at the mother since the foetus is not yet 
independently viable. The third and perhaps the 
most challenging group consists of women with 
pregnancies more than 26 weeks of gestation. At 
this stage, there are two patients to consider dur-
ing the assessment and resuscitation. Finally 
there are those patients, who present in the peri-
mortem stage. In these patients, early caesarean 
section may facilitate maternal resuscitation and 
preserve the life of the foetus [16].

After 20 weeks of gestation, nursing the preg-
nant patient supine will induce supine hypoten-
sion syndrome as the gravid uterus compresses 
the vena cava, reducing the venous return and 
embarrassing maternal cardiac output by 30 %. 
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This can be alleviated by either displacing the 
uterus to the left side or, if possible, to nursing 
the patient tilted left side down by 15°. Due to 
reduction in the mother’s respiratory reserve, 
supplemental oxygen should be provided. Loss 
of up to 2000 mL of blood is well tolerated, but 
this is at the expense of uterine blood supply. The 
use of vasopressors further compromises uterine 
blood flow and their use should be avoided unless 
it is a life-saving intervention. Monitoring of 
uterine activity and the assessment of the foetus 
is imperative and should continue for 2–6 h after 
an injury, even with relatively minor trauma [24, 
25]. Signs of foetal distress may be the first signs 
of maternal hypovolaemia and haemodynamic 
compromise. The use of vasopressors should be 
avoided as they further embarrass uteroplacental 
perfusion. It is preferable to manage cardiac out-
put and blood pressure by replacing volume.

In case of a positive Kleihauer-Betke test, indi-
cating foetal blood in the maternal circulation, 
the rhesus-negative patients should receive anti-
D antibody to prevent isoimmunization [26–28].

As part of the secondary survey, a complete 
medical and obstetric history should be obtained, 
particularly details relating to pre-existing hyper-
tension, eclampsia and diabetes. Information 
about the mechanism of injury, use of drugs and 
alcohol should be sought. Otherwise, all limbs 
and body system should be examined in the usual 
manner. Radiological examination of all sus-
pected fractures should be carried out with the 
involvement of a radiologist, as a close check 
needs to be kept on the cumulative dose of radia-
tion received by the patient [22, 29–32].

Early vaginal examination is important. 
Ideally, this should be performed with an obstetri-
cian in attendance to assess cervical effacement 
and dilation, foetal position and the presence of 
amniotic fluid or blood. In the presence of vaginal 
bleeding, it is prudent to rule out a placenta previa 
prior to the formal examination of the cervix [31]. 
The bleeding may be due to placental abruption, 
labour or placenta previa. Other more traumatic 
causes such as uterine rupture and an open pelvic 
fracture must also be considered.

Focused Assessment with Sonography (FAST) 
scan is important to assess the presence of intra-
abdominal haemorrhage. An ultrasound examina-
tion of the foetus and placenta can be performed 
after the FAST scan or incorporated as part of the 
trauma scan. If a chest tube thoracostomy is needed, 
it has to be placed one or two intercostal spaces 
higher than usual to avoid diaphragmatic injury.

Tetanus prophylaxis is not contraindicated 
and should be administered according to standard 
protocols.

18.3.2  Radiological Assessment

18.3.2.1  General Considerations
Trauma in pregnancy represents a special situa-
tion as two patients are involved – the mother and 
the child. Radiographic and CT examinations of 
the pregnant patient irradiate the unborn and can 
cause severe harm. Intrauterine development 
consists of three phases and radiation sensitivity 
is related to gestational age.

As a general guideline, the “ALARA Principle” 
should be mentioned. It entails that radiation should 
be used “as low as reasonably achievable” [33].

18.3.2.2  Basics of Radiation Protection
The following types of radiation have to be dif-
ferentiated: α-, β-, γ- and x-rays. For medical 
imaging, only γ-radiation (nuclear medicine) and 
x-rays are used.

Important Units for Radiation 
Benchmarking
Ion dose: measures radiation by the amount of 
the induced ionization – the SI unit is R.

Absorbed dose: defines the absorbed dose per 
kg mass, the SI unit is gray (Gy) = 1 J/kg.

Dose output: is dose/time, the SI unit is Gy/s.
Due to the inherent different properties of α-, 

β-, γ- and x-rays, they are converted into units 
that are representative of their varying biologic 
activity. This is achieved by multiplying the 
absorbed dose by a dimensionless radiation 
weighting factor (WR, prior Q – relative  biological 
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effectiveness). The result is the dose equivalent, 
which is measured in sievert (Sv):

Sievert (Sv) = Gy × WR – the corresponding val-
ues can be found in Table 18.2.
Organ dose: represents the absorbed dose out-

put of an organ, tissue or body part, which is mul-
tiplied by the radiation weighting factor – the SI 
unit is again Sv.

Effective dose equivalent: considers the differ-
ent radiation sensitivity for various human tissues 
by the so-called tissue/organ weighting factor 
(Wt – Table 18.3). The effective dose equivalent is 
calculated by first multiplying the organ dose 
with the tissue/organ weighting factor, followed 
by adding all individual doses.

Natural Background Radiation
The source of natural background radiation falls 
into two broad categories – natural (from ground 
and space) and artificial (medicine, radioactive 
fallout, nuclear waste, consumer products, etc.). 
The cumulative dose is approximately 4 mSv. It 
is interesting to note that medical diagnostic 
imaging and nuclear medicine are responsible for 
about 79 % of man-made radiation [36]. Typical 
radiation doses for medical imaging can be found 
in Table 18.4.

Deterministic Versus Stochastic Radiation 
Effects
In deterministic effects, there is a classic dose–
effect relationship such as the LD50/30 (the dose 
of whole-body irradiation where 50 % of subjects 
die within 30 days) [38] of ~4.0 Sv, or after a 

Table 18.2 Weighting factor by radiation type [34]

Radiation type
Radiation weighting 
factor

Photons 1
Electrons, muons 1
Neutrons <10 keV

10 to 100 keV
>100 keV to 
2 MeV
>2 to 20 MeV
>20 MeV

5
10
20
10
5

Protons (energy > 2 MeV) 5
α−Radiation 20

Table 18.3 Tissue/organ weighting factor with due con-
sideration of the different sensitivity of tissues/organs to 
radiation [35]

Tissue/organ Weighting factor (Wt)

Gonads 0.08
Red bone marrow 0.12
Colon 0.12
Lung 0.12
Stomach 0.12
Urinary bladder 0.04
Mamma 0.12
Liver 0.04
Oesophagus 0.04
Thyroid 0.04
Skin 0.01
Bone surface 0.01
Brain 0.01
Salivary glands 0.01
Others 0.12

Table 18.4 Typical effective doses in imaging – can vary 
due to technical factors (e.g. additional filtration) as well 
as adjustment of the exposure settings to body mass/size, 
age and several other factors [37]

Examination

Typical 
effective 
dose 
(mSv)

Number of 
chest x-rays 
leading to the 
comparable 
exposure

Chest (p.a.) 0.02 1.0
Extremities/joints 0.01 0.5
Skull 0.07 3.5
Thoracic vertebra 0.70 35.0
Hip 0.30 15.0
Pelvis 0.70 35.0
Mammography (bilateral, 
two planes)

0.50 25.0

Intravenous urography 2.50 125.0
Head CT 2.30 115.0
Chest CT 8.00 400.0
Abdomen/pelvis CT 10.00 500.0
Renal function 
scintigraphy

0.80 40.0

Thyroid scintigraphy 0.90 45.0
Lung perfusion 
scintigraphy

1.10 55.0

Skeletal scintigraphy 4.40 220.0
Myocardial perfusion 
scintigraphy

6.80 340.0

Positron emission 
tomography

7.20 360.0

Myocardial scintigraphy 17.00 865.0
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3.0 Sv there are severe skin burns, after 3.0–
4.0 Sv cataracts occur – just to name some 
examples.

Stochastic effects are those that occur in a ran-
dom manner, including cancer and genetic defects. 
These events cannot be related to a single dose 
but the cumulative effect of multiple exposures 
may result in damage and for this reason, the con-
cept of the excess lifetime risk was introduced. 
The risk is higher for younger people, which 
can be partly explained by the higher sensitivity 
of dividing cells to radiation. The “International 
Commission on Radiation Protection (ICRP)” 
suggests an excess rate of 5 % per Sv for lower 
doses and 10 % for higher ones.

An excess lifetime risk factor of 10 % means 
after exposing 10,000 individuals to 10 mSv dose 
of radiation, there will be about ten additional 
deaths due to leukaemia or cancer, but it is impor-
tant to note that even without this radiation there 
would be 2,500 cancer-related deaths [37].

Radiation Effects During Intrauterine Life
The following facts are based on the report of 
“German Society for Medical Physics” and the 
“German Roentgen Society” [39]. A summary of 
all effects can be found in Table 18.5.

The period of intrauterine life can be divided 
into three phases. These are the pre-implantation 
phase (until 10 days post-conception), the phase 
of organogenesis (10 days to 8 weeks of gesta-
tion) and the foetal period (from the 3 months of 
gestation to term). Exposure to radiation in each 
phase has characteristic effects.

Pre-implantation phase: high doses 
(>100.0 mSv) result in spontaneous abortion 

which is often clinically silent, since pregnancy 
is not known yet. Birth defects are possible with 
a risk coefficient of 0.1 % per mSv.

Organogenesis: high doses (>100.0 mSv) 
cause organ malformations as well as growth 
retardation and functional disorders. The risk 
coefficient for organ malformations is 0.05 % per 
mSv which doubles at 200 mSv.

Foetal period: the central nervous sys-
tem is the most susceptible organ during this 
phase and radiation exposure has been linked 
to severe neuromotor development disorders 
with risk coefficient of 0.04 % per mSv from 
the 8th to 15th week of gestation and 0.01 % 
per mSv from the 16th to 25th week of ges-
tation. Reduction in the “intelligent quotient” 
(IQ) represents another known radiation effect, 
being more severe during early pregnancy: 30 
IQ points for the 8th to 15th week of gestation 
and 10 IQ points for the 16th to 25th week of 
gestation.

Cancer Risk After Intrauterine Irradiation
A linear dose–effect relationship is presumed; 
however, there is no known threshold. It is 
assumed that doses of less than 100 mSv may 
pose a significant risk for the development of leu-
kaemia and cancer. The risk coefficient is about 
0.006 % per mSv. Typical foetal doses delivered 
by imaging are listed in Table 18.6.

Genetic Effects After Irradiation
A linear dose–effect relationship is also assumed. 
There are no data available from human studies; 
we have however extrapolated from some animal 
studies, as shown in Table 18.5.

Table 18.5 Effects of irradiation during intrauterine life* [36]

Effect Gestational age Lower threshold (mSv) Risk-coefficient

Death during pre-implantation phase 0–10 days 100 0.1 %/mSv*
Malformation 10 days–8 weeks 100 0.05 %/mSv*
Severe mental retardation 8–15 weeks

16–25 weeks
300
300

0.04 %/mSv*
0.01 %/mSv*

IQ-reduction 8–15 weeks
16–25 weeks

0.03 IQ/mSv
0.01 IQ/mSv

Cancer/leukaemia 0.006 %/mSv
Genetic defects 0.0003 %/mSv male

0.0001 %/mSv female
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18.3.2.3  Imaging of the Pregnant 
Patient

Radiographs of the extremities can be safely per-
formed during all stages of pregnancy, but ade-
quate shielding is a MUST and can reduce the 
radiation dose to the unborn by up to 30 %. The 
generator settings should be on the lowest possi-
ble values where diagnostic information can still 
be gleaned. This necessitates discussion and 
close collaboration with both radiologists and 
radiographers.

In stable patients with suspected ligamentous 
injuries (e.g. ankle), MRI is preferable over 
repeated stress radiographs.

In abdominal trauma or poly-trauma patients, 
ultrasound is the preferred first-line imaging 
modality – e.g. “focus assessment sonographic 
trauma scan” (FAST) in order to detect free, intra-
peritoneal fluid. It is imperative to include the foe-
tus as well as the placenta in every sonographic 
evaluation of the abdomen and pelvis – in the 
optimal case together with an obstetrician [41].

CT is the preferred modality of choice in 
unstable patients or in patients with clinical/

sonographic signs of injuries to chest, mediasti-
num, aorta, spine, retroperitoneum, bowel, blad-
der and pelvis. Intravenous iodine contrast may 
be administered as indicated clinically, but this 
may induce hypothyroidism in the unborn in 
addition to causing renal anomalies. Therefore, 
after delivery, follow-up investigations of thyroid 
and renal function are needed.

Modern CT scanners offer several features for 
dose reduction. Usually for scout views, the tube 
is above the patient (“position up”), but if the 
tube is below the CT couch (“position down”), 
then a reduction of about two-third the anterior 
parts of the body (thyroid, mamma and foetus) 
can be achieved [42]. This is especially important 
for the childbearing mother, since there are con-
siderable concerns about the radiation sensitivity 
of the female breast during pregnancy [43–45]. 
The tube current of the scout view should be 
reduced and the extension as tight as possible as 
well as the scan range.

CT should be performed with adapted tube cur-
rent values for the mother with considerations of 
her body habitus. It is important to note that a 
20–30 % reduction of the ideal adjusted dose will 
lead to more image noise; however, the image 
quality will be sufficient for diagnosing traumatic 
lesions. In case of using “automated exposure con-
trol,” the choice of an appropriate reconstruction 
kernel is a crucial point (usual “soft tissue ker-
nel”), since “bone sharp kernels” will lead to an 
unnecessary high degree of radiation exposure 
[46]. For CT image reconstruction, “filtered back 
projection” was used for more than 40 years. The 
dramatic increase in today’s computational power 
facilitates to use sophisticated algorithms for 
image reconstruction such as the so-called “itera-
tive image reconstruction” (sometimes referred as 
“statistical reconstruction”) – those techniques are 
now offered by all vendors. Iterative image recon-
struction enables considerable dose saving of more 
than 50 % [47–55].

In CT examinations, a total radiation dose of 
more than 100 mSv should not be exceeded using 
standard trauma protocols. In case of abdominal 
CT, the effective dose will be between 10 and 
40 mSv. Another point is represented by the dif-
ferences between various CT scanner generations. 

Table 18.6 Estimated doses to the foetus during imag-
ing (from [40])

Examination
Typical foetal 
dose (mGy)

Cervical spine (AP, lat) 0.001
Extremities 0.001
Chest (PA, lat) 2
Thoracic spine (AP, lat) 3
Abdomen (AP) 0
  21-cm patient thickness 1
  33-cm patient thickness 3
Lumbar spine (AP, lat) 1
Limited IVPa 6
Small-bowel studyb 7
Double-contrast barium enema studyc 7

AP anteroposterior projection, lat lateral projection, PA 
posteroanterior projection
aLimited IVP is assumed to include four abdominopelvic 
images. A patient thickness of 21 cm is assumed
bA small-bowel study is assumed to include a 6-min fluo-
roscopic examination with the acquisition of 20 digital 
spot images
cA double-contrast barium enema study is assumed to 
include a 4-min fluoroscopic examination with the acqui-
sition of 12 digital spot images
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All multidetector CT scanners suffer from “over-
beaming” where the x-ray beam extends beyond 
the edge of detector rows, exposing the patient to 
a greater radiation dose within those areas. This 
effect is more pronounced in CT scanners with 
less rows (e.g. 4–16 rows). Multidetector-row CT 
systems with more than 64 rows suffer from 
“overranging” as the reconstruction algorithm 
requires additional raw data on the beginning and 
end  of the planned scan. Therefore  extra rota-
tions outside the planned length are needed for 
image reconstruction. This can be reduced by 
adequate tailoring of scan length [56].

Nevertheless, calculations of the International 
Committee on Radiation Protection (IRCP) esti-
mate that a foetal dose of 10 mGy will increase 
the risk of leukaemia or cancer considerably [57].

MRI is not an option in unstable pregnant 
patients, since the examinations are time consum-
ing. Moreover for vascular imaging, intravenous 
injection of Gadolinium-based contrast medium 
is necessary, which should be avoided in regard 
to the embryo/foetus (see below). Furthermore, 
not at all MRI suites offer sufficient monitoring 
facilities for the pregnant mother.

Field strengths of up to 1.5 T are preferable, as 
there are concerns about the heating effects of 
radio-frequency pulses as well as the effect of 
acoustic noise on the unborn. Gadolinium-based 
MRI contrast media have been shown to be tera-
togenic in animal studies if administered in doses 
of two to seven times greater than normal. 
Gadolinium crosses the placenta and is excreted 
by the foetal kidney into the amniotic fluid. In the 
light of new insights in Gadolinium side effects 
including Nephrogenic Systemic Fibrosis (NSF), 
guidelines from the “European Society of 
Urogenital Radiology” (ESUR – http://www.
esur.org/guidelines/en/index.php) state that in 
pregnancy those contrast media should be used 
with caution and at the lowest possible dose [58]. 
NSF occurs in people with severely impaired 
renal function, but as foetal kidneys are imma-
ture, the potential harm to the unborn is unquan-
tifiable and extreme caution should be exercised.

It is the authors belief that if intravenous con-
trast is essential for clinical decision making, then 
CT should be considered, as the side effects of 

radiation and iodine contrast are known, whereas 
this is not the case for Gadolinium and MRI.

In general, imaging departments, dealing with 
pregnant trauma patients, should elaborate an 
imaging strategy in advance. This algorithm 
should address the use of imaging – both for ini-
tial assessment of the patient (including dose set-
tings for plain radiography and CT) as well as the 
subsequent clinical treatment (including intraop-
erative use of imaging or further imaging for fol-
low-up). For CT, the scanner with most rows and 
iterative image reconstruction should be used.

Polytraumatized pregnant patients should 
only referred to centres, where a specialized team 
of trauma surgeons, anaesthetists, obstetricians 
as well as radiologists, medical physicists and 
radiographers is available on a 24/7 basis.

18.4  Surgical Intervention

It is logical to postpone all elective procedures 
until after delivery [59, 60]. However, provision 
of optimum emergency surgical care should not 
be compromised. Surgical management of frac-
tures as dictated by the bony and soft tissue injury 
and it may not be feasible to postpone these pro-
cedures [29]. Most can be safely carried out in 
the pregnant patient. Consideration specific to 
anaesthesia, intraoperative radiology and ortho-
paedics should be taken into account.

18.4.1  Anaesthesia

Pregnancy is not a contraindication to anaesthe-
sia. No increase in stillbirths, birth defects [61] 
or neural tube defects [62] has been demon-
strated as a result of pregnant women receiving 
anaesthesia.

The management of the airway can be a chal-
lenge in pregnant patients. The incidence of dif-
ficult intubations is 17-fold higher in advanced 
pregnancy. There is an increased risk of aspira-
tion, and the risk of hypoxia higher due to reduced 
functional reserve and increased oxygen con-
sumption [63]. The combination of limited 
maternal reserve and a foetus sensitive to changes 
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in maternal metabolism requires close  monitoring 
and expedient action on the part of the anaesthe-
tist. The goals of ventilation include a high PaO2 
and a PaCO2 normal for the gestation [64]. 
Frequent measurements of blood gases may be 
invaluable in these circumstances.

Uterine and foetal monitoring are useful as 
foetal distress maybe the first sign of maternal 
hypovolaemia. Monitoring volume status in 
pregnancy may be difficult as some data show 
poor correlation between central venous and left 
ventricular filling pressures. Some authors sug-
gest inserting a Sawn-Ganz catheter if accurate 
haemodynamic monitoring is required [65, 66].

18.4.2  Intraoperative Radiology

18.4.2.1  General Considerations
The following hardware features should be 
available:

Pulsed fluoroscopy: in cases where live imaging is 
required, 25 frames per second are used for flu-
oroscopy, but this temporal resolution is rarely 
needed in trauma surgery. Many machines allow 
a rate of two frames per second, which is often 
adequate in most circumstances.

Last image hold: the last fluoroscopy image stays 
on the screen and can be referred to, without 
further radiation.

Leaf shutter: allows the operator to control the 
size of the radiation field by coning onto the 
region of interest. An example of dose distri-
bution in dependence of the field of view can 
be seen in Fig. 18.1.

Field of view (FOV) (magnification): using the sys-
tem’s zoom functions increases the dose, e.g. 
changing the FOV from 28 to 20 cm (usually 
one magnification step) doubles the dose [67].

Powerful generator: primary rapid and steep 
increase in kV should be possible.

18.4.2.2 Intraoperative Imaging
During any operative procedure, the fluoroscopy 
unit should be handled by the radiographer. Exact 
placement of the primary beam, tight use of the 

shutter and lead shielding are mandatory – 
 especially the uterus should be as far as possible 
from the primary beam. Lead shielding reduces 
the scatter from the units itself and other outside 
sources, whereas scatter from the irradiated tissues 
cannot be reduced. Of course, irradiation time 
should be as short as possible and extensive use of 
the “last image hold” technique is mandatory. The 
same guidelines apply for intraoperative radiogra-
phy; typical doses to the foetus can be found in 
Table 18.5. The dose output of C-arm systems can 
differ considerably between manufacturers. This 
makes it difficult to estimate an absolute tolerable 
time period for irradiation of the pregnant uterus. 
Using the data published by Schueler et al. [67], 
and assuming that the gravid uterus is directly in 
the x-ray beam, the threshold dose of 100 mSv 
will be reached in about 3 min at a FOV of 28 cm, 
but in only 1.5 min at a FOV of 20 cm.

Take-Home Points for Imaging

• Design of clinical pathways for  pregnant 
trauma patients requires involvement of radi-
ologists and medical physicists. Detailed 
knowledge of the cumulative dose received by 
the patient is essential for ongoing manage-
ment decisions.

• Ultrasound is the first modality of choice – 
this should be carried out in the presence of an 
obstetrician.

Fig. 18.1 Isodose lines during fluoroscopy – colours rep-
resent areas of almost same dose (Modified after [67])
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• If a CT scan is necessary, the region scanned 
should be kept as small as possible. Utilize all 
inherent possibilities to reduce dose of ionizing 
radiation including rigorous mAs lowering.

• If administration of intravenous iodine con-
trast is necessary, close monitoring of thyroid 
and renal function and referral to a paediatri-
cian are essential for the child after birth.

• In non-acute imaging, detailed counselling of 
the mother is necessary if the foetal dose is 
likely to go beyond 1 mGy.

• Intraoperative Imaging – avoid direct irradia-
tion the uterus.

18.4.2.3  Orthopaedic Surgical 
Management

There is a paucity of literature on the outcomes of 
orthopaedic injuries in pregnancy. In a study 
from New Orleans, only 4 % of pregnant trauma 
patients had orthopaedic injuries [68]; however, 
this may not be representative in other popula-
tions. Extremity fractures should be treated much 
in the same way as they would be in the non- 
pregnant patient. The pregnant patient tends to be 
young, and suboptimal surgical management of 
their fracture have profound long-term conse-
quences. As long as direct irradiation of the 
uterus is avoided and adequate shielding is 
employed, there are no contraindications to intra-
operative imaging. This is of course not the case 
with pelvic and proximal femoral fracture fixa-
tion. Modifications of surgical technique may 
reduce the need of intraoperative imaging. Most 
minimally invasive techniques are highly depen-
dent on intraoperative imaging and are not advo-
cated in this situation. An open technique of 
fracture reduction and fixation reduces the need 
for imaging.

Pregnancy is a prothrombotic state and pro-
longed immobilization, and bed rest should be 
avoided. The increased risk of venous thrombo-
embolism (VTE) begins in the first trimester and 
has a tendency to occur in the left lower limb 
[69]. There is little data regarding VTE in preg-
nant women and recommendations are based on 
expert opinion derived from evidence in 
 non- pregnant populations [70]. Some specific 

risk factors that may relate to the traumatized 
pregnant patient include immobility [71], blood 
loss and transfusion [72] as well as having any 
surgical procedures. It appears that low-
molecular- weight heparins are safe to use in 
these patients [73]. The decision to prescribe 
anticoagulation should be based on the assess-
ment of individual patients and with consider-
ation of risk factors. Surgical treatment of an 
injury to get the patient mobile is clearly desir-
able and the benefits outweigh the risks of the 
procedure.

Positioning the patient in the left lateral decu-
bitus position (lying left side down) moves the 
gravid uterus away from the vena cava and avoids 
the development of supine hypotension syn-
drome. If it is not possible to position the patient 
in this way, the uterus should be manually dis-
placed. Any blood loss should be directly com-
municated with the anaesthetist. Although the 
patients’ haemodynamic parameters may remain 
within normal limits, this is at the expense of the 
blood flow to the uterus and foetus.

Fractures of the pelvis and acetabulum present 
a particular challenge in this patient cohort. The 
literature on this subject is restricted to mostly 
case reports [74–77] and there is a general trend 
for conservative management of these fractures. 
A retrospective review from a major trauma cen-
tre of 24 years only reported seven pregnant 
patients with a pelvic fracture [21]. Of these 
patients, five mothers and three foetuses sur-
vived. This group represents severely trauma-
tized patients, and their care need to be undertaken 
in specialist units. Up to 9 % of the women and 
35 % of foetuses die following these injuries 
[75]. The surgical management of these fractures 
can also be hazardous to the patient and the foe-
tus, with maternal blood loss and risk of direct 
injury to the uterus or the foetus [76]. In these 
circumstances, a caesarean section could save the 
life of the mother and her unborn child [75, 76, 
78]. The cumulative dose of ionizing radiation to 
the foetus may be prohibitive in employing mini-
mally invasive techniques for the fixation of pel-
vic and acetabular fractures. The issue of 
emergent external fixation of the pelvis in the 
pregnant patient has not been address in the 
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 literature. The gestational age is important as the 
third trimester the gravid uterus may interfere 
with the placement of both high and low anterior 
external fixator half pins.

There are a few logical issues that must be 
considered to aid decision making in situations 
where operative intervention is required. These 
include foetal gestational age and viability, level 
of maternal and foetal compromise, the cumula-
tive dose of ionizing radiation and the necessities 
of fracture fixation. There simply are no easy 
answers and the treatment needs to be individu-
ally tailored to the patient.

18.5  Outcomes

Trauma represents a risk for both - mother and 
foetus. Quantification of the risks to the foetus 
and the mother is substantiated by only few 
reports. This is a reflection of the unusual nature 
of injuries in the pregnant patient and the difficul-
ties in collecting data on their outcome. Most of 
the data concentrates on the severely injured 
patient, but it should be borne in mind that even 
relatively minor trauma can lead to preterm 
labour and foetal loss. It has been estimated that 
between 4 and 61 % of injured pregnant patients 
lose their foetuses [2].

Weiss et al. [79] in a study reported on the 
causes of foetal death related to maternal injury. 
The data was collected from 16 states in the USA 
over a 3-year period. Motor vehicle accidents were 
by far the most common cause of foetal death 
(82 %) with firearms (6 %) and falls (3 %) far 
behind. The physiological diagnoses associated 
with foetal loss were placental abruption (42 %) 
and maternal death (11 %). They noted an associa-
tion between placental abruption accompanied by 
uterine rupture and advancing gestational age.

Information on maternal haemodynamic 
parameters is sparse and does not provide a reli-
able indication of the foetal status [80]. Some 
risk factors have been identified that herald the 
possibility of acute termination of pregnancy. 
Theodorou and colleagues [10] showed that an 
ISS ≥ 9 and gestational age of ≤23 weeks are 
strong predictors of foetal loss. Other authors 

have demonstrated adverse foetal outcomes with 
increasing injury severity [81, 82], but it is inter-
esting that even moderate maternal trauma can 
result in foetal death. The issue of gestational age 
is also contentious as some authors have not 
made this link [80, 82, 83]. The rates of preterm 
labour are increased in the presence of head inju-
ries with patients who have a GCS ≤ 12 being 
three times more likely to go into labour. This has 
not been related to increased foetal death [83].

In general, it is difficult to truly predict the out-
come. On one hand, devastating foetal outcomes are 
seen in relatively minor trauma; on the other hand, 
patients with pelvic fractures often have been 
reported to have an uneventful child birth. It is wise 
to be cautious and plan every step on a case-to-case 
basis. All pregnant patients with a viable foetus 
need to be closely monitored and the early involve-
ment of obstetricians is essential for the correct and 
judicious interpretation of foetal monitoring data.
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Open Fractures: Initial 
Management

Michael Frink and Steffen Ruchholtz

19.1  Introduction and Historical 
Background

More than 300 years ago, an open fracture com-
monly resulted in a local infection and in con-
secutive sepsis and death when no early 
amputation was performed [1, 2]. This treatment 
strategy continued back to the end of the eigh-
teenth century and beginning of the nineteenth 
century [3]. Until World War I mortality rate after 
open fractures remained greater than 80 %. 
Improvement in surgical techniques, wound 
management, and antimicrobial therapy dramati-
cally reduced mortality associated with open 
wounds [2, 4].

Open limb fractures mostly affect the lower 
extremity especially the lower leg due to minor 
soft tissue coverage. The incidence of tibial frac-
ture is described as 17–21 per 100,000 persons 
while the incidence for open fractures is 11.5 per 
100,000 persons per year [5, 6]. Open tibial frac-
tures represent 44.5 % of all open fractures [5] 
and are mostly caused by high-energy mecha-
nisms. Therefore, additional severe injuries are 
common in those patients. Treatment costs for 
the most severe open injuries are calculated up to 
half a million US$ per patient [7]. Until 30 years 
ago, treatment of open fractures resulted in an 
amputation rate of 15 % [2]. Thus, treatment of 
open fractures remains a medical as well as 
socioeconomic challenge and may be even com-
plicated in the context of additional injuries.
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Initial treatment consists of early appropriate 
antibiotic and surgical treatment. Surgical man-
agement includes thorough debridement of con-
taminated and nonviable soft tissue as well as 
bone, internal or external fracture stabilization, 
and timed wound coverage.

While initial systemic treatment with antibiot-
ics is “almost universal in all high income coun-
tries” [8] controversies regarding local treatment 
persists. This chapter focuses on local wound 
treatment and highlights current controversies in 
open fracture management.

19.2  Patient Evaluation 
and Diagnostics

While preclinical treatment primarily focuses on 
preventing further contamination and tissue dam-
age in the early clinical period careful examina-
tion and diagnostics represent the first steps in 
open fracture management.

A detailed history of mechanism and setting 
of injury should be obtained as well as the tetanus 
immunization status should be evaluated.

It remains controversial at which time point 
the preclinical applied wound cover should be 
removed. In a study investigating the value of ini-
tial wound cultures in 5 of 7 wound infections, 
primary wound cultures were negative suggest-
ing a potential further contamination during the 
clinical course. In contrast, an open fracture 
should be examined by an experienced surgeon 
to plan further diagnostic and therapeutic steps as 
early as possible which may require removal of 
the preclinical applied wound dressing in the 
emergency department.

A physical examination should be performed 
particularly focusing on the neurovascular status 
of the affected anatomic region. The vascular sta-
tus should be documented and in absence of pal-
pable pulses Doppler ultrasonography or 
apparative imaging to detect vascular injuries 
may be required. Most patients with severe inju-
ries are admitted after analgosedation on scene 
and therefore reliable information regarding sen-
sory and motor impairment will be limited.

Since acute compartment syndromes requir-
ing a fasciotomie are associated with open frac-
tures [9] an exclusion of this complication is 
mandatory. Clinical diagnosis of an acute com-
partment syndrome is limited in severely injured 
patients; thus, measurement of intracompartmen-
tal pressure should be considered [10].

In the literature, various classification sys-
tems of open fractures are described. In 1959, a 
grading system was published on the basis of 
possible wound closure [11]. The currently most 
common is the classification of Gustilo and 
Anderson [12] which was amended in 1984 with 
a further differentiation of type III open fractures  
(Fig. 19.1) (Table 19.1) [13]. However, there 
remain certain problems regarding the interob-
server reliability of this classification system 
[14, 15] which may raise problems in comparing 
therapeutic and outcome studies.

In 2010, a new system was introduced by the 
Orthopedic Trauma Association based on an 
extensive literature search as well as weighting 
by an expert panel. The Orthopedic Trauma 
Association Open Fracture Classification (OTA- 
OFC) considers skin injury, muscle injury, arte-
rial injury, contamination and bone loss, and 
each category is subdivided into three grades of 
severity (Table 19.2) [16]. This new grading sys-
tem showed moderate to excellent results 
regarding the interobserver reliability in a first 
evaluation [17] and therefore may serve as a 

Fig. 19.1 Open fracture of the right lower limb following 
a motorcycle accident showing extensive loss of soft tis-
sue injury, periosteal stripping an major wound contami-
nation (Type IIIb following the Gustilo classification [13])
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new classification system in future investiga-
tions. Moreover, the OTA-OFC showed a pre-
dictive value regarding treatment strategies [18].

Per definition, an open fracture requires com-
munication of the fracture site with a skin discon-
tinuity. If exclusion is not possible or there 
remains any doubt, the fracture should be treated 
as an open fracture.

Regardless of the soft tissue damage X-rays in 
two views (ap. and lateral) with adjacent joints 
should be performed. Dependent on the patient’s 
status articular fractures should be visualized 
with CT imaging before definitive treatment is 
performed.

19.3  Surgical Treatment

19.3.1  Hair Removal

Removal of gross contamination should be per-
formed before disinfection of the surgical site. 
Historically, preparation for surgery included 
routine hair removal of the surgical site. Although 
no studies are specifically focusing on open frac-
ture treatment, a recent Cochrane review was not 
able to recommend a strategy for or against hair 
removal before surgery. When hair removal is 
necessary, a clipper should be used since shaving 

Table 19.1 Classification of open fractures [12, 13]

Degree Characteristics

Type I Wound less than one centimeter long
Clean

Type II Laceration more than one centimeter long
Without extensive soft-tissue damage, flaps, 
or avulsions

Type III Open segmental fracture or
Open fracture with extensive soft-tissue 
damage or
Traumatic amputation
Special categories:
  Gunshot injuries
  Any open fracture caused by a farm injury
  Any open fracture with accompanying 

vascular injury requiring repair
Type IIIa Open fractures with adequate soft tissue 

coverage of a fractured bone despite
Extensive soft tissue laceration or flaps, or 
high-energy trauma regardless of the size of 
the wound

Type IIIb Extensive soft tissue injury with periosteal 
stripping and bone exposure
Usually associated with massive 
contamination

Type IIIc Arterial injury requiring repair

Table 19.2 Orthopedic trauma association open fracture classification [18]

Parameter Skin Muscle Arterial Contamination Bone loss

1 Laceration with 
edges that 
approximate

None or minor 
muscle tissue 
necrosis; some 
muscle tissue injury 
with intact muscle 
unit function

No major 
vessel 
disruption

No grossly visible 
contamination

None or 
insignificant bone 
loss

2 Laceration with 
edges that does 
not approximate

Loss of significant 
muscle tissue but the 
involved muscle unit 
remains in 
longitudinal 
continuity

Vessel injury 
without distal 
ischemia

Surface 
contamination, 
visible

Bone missing or 
devascularized 
bone fragments, but 
some contact 
between proximal 
and distal 
fragments

3 Laceration 
associated with 
extensive 
degloving

Extensive muscle 
necrosis with loss of 
muscle tendon unit 
continuity, (partial or 
complete 
compartment 
excision, muscle 
defect that does not 
reapproximate)

Vessel injury 
with distal 
ischemia

Contaminant 
embedded in bone or 
deep soft tissues or 
high risk 
environmental 
conditions (barnyard, 
fecal, dirty water, 
etc.)

Segmental bone 
loss
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was associated with an increased incidence of 
surgical site infections [19].

19.3.2  Debridement and Irrigation

Debridement and irrigation remain the key steps 
in surgical treatment of open fractures. Small 
puncture wounds or lacerations need to be 
extended until complete soft tissue damage can 
be evaluated. Debridement should include grossly 
contaminated and/or devitalized soft tissue. Since 
perfusion is impaired in this tissue the host 
defense system is not able to eliminate foreign 
organisms. Moreover, if dead or contaminated 
tissue remains it serves as a medium for bacterial 
growth. Thus, debridement of subcutaneous tis-
sue, muscle, and fascia is necessary until viability 
of marginal tissue is preserved and a clean and 
stable wound is achieved.

Fragments of devitalized bone or bone unat-
tached from soft tissue should be discarded 
(Fig. 19.2). A most recent study comparing 
more or less aggressive bone debridement in 
type II and III open supracondylar femur frac-
tures suggests bone debridement restricted to 
grossly contaminated bone “with retention of 
other bone fragment” and without use of antibi-
otic cement spacers. The less aggressive proto-
col leads to more frequent healing after the 
index procedure without increasing the inci-

dence of infections [20] suggesting a cautious 
debridement.

In fractures with extensive soft tissue injury, 
initial evaluation of tissue viability is difficult. In 
those patients, a repeat debridement after 48–72 
h “to eliminate devitalized tissue that subse-
quently develops” should be performed [21].

Multiple irrigation protocols in open fracture 
treatment including distilled water, boiled water, 
soap, antibiotic solutions as well as antiseptic 
solutions are described [22–24]. Regarding anti-
septic solutions, povidone iodine wound irriga-
tions [25, 26] and chlorhexidine gluconate [27] 
were evaluated. These antiseptic solutions show a 
broad spectrum activity versus antimicrobials 
including bacteria, viruses, and fungi [28]. 
However, to date, all clinical trials failed to show 
beneficial results regarding the incidence of 
infections. These observations are supported 
from experimental studies in which various anti-
septic irrigation solutions were tested [29–31]. 
Moreover, toxicity towards intrinsic cells may 
cause problems in wound healing.

In a recent prospective randomized trial com-
paring soap solution with normal saline, no dif-
ferences regarding infection, wound healing 
problems, and nonunion were observed [32].

In experimental studies, use of antibiotic solu-
tions with an antimicrobial effect was able to 
show beneficial effects in infection prevention as 
compared to normal saline which could not be 
confirmed in human studies [33]. In an interna-
tional survey, the majority of responding sur-
geons favored normal saline solution for irrigation 
in open fractures [34].

To date, there is no convincing data showing 
superior effects of solutions other than normal 
saline for irrigation of wounds associated with 
open fractures.

Pulsatile lavages for wound irrigation using 
different pressures are commercially available 
(Fig. 19.3). Under experimental settings, high 
pressure pulsatile lavage caused penetration of 
particulates up to 15.6 mm; cellular damage was 
detected 1.3 mm under the surface while low 
pressure pulsatile lavage showed penetration of 
particulates and cell death in 0.7 mm below tissue 

Fig. 19.2 Discarded contaminated and devitalized soft 
tissue and isolated bone fragments after thorough debride-
ment of an open fracture of the lower leg
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surface [35]. In parallel, bacterial penetration 
was twofold increased by high pressure pulsatile 
lavage and number of retained bacteria was two- 
to fourfold lower after low pressure pulsatile 
lavage [36]. In another study, propagation of bac-
teria into the intramedullary canal due to high 
pressure irrigation was detected [37]. High pres-
sure pulsatile lavage showed no beneficial effects 
regarding removal of adherent bacteria after 3 h 
delay as compared to low pressure pulsatile 
lavage. In contrast after 6 h delay, only high pres-
sure pulsatile lavage removed adherent bacteria 
from bone [38].

Experimental studies investigating the effect 
of high pressure pulsatile lavage consistently 
showed detrimental effects on fracture healing. 
In a rabbit model, high pressure pulsatile 
lavage resulted in diminished bone density 
during the early phase (2 weeks) of fracture 
healing [39]. Mechanical testing of fractured 
femora in a rat model revealed a decreased 
mechanical stability 3 weeks after high-pres-
sure irrigation [40].

In a clinical study, the use of low pressure pul-
satile lavage showed superior results regarding 
the infection-associated reoperation rate when 
compared to high pressure devices [32].

Low pressure pulsatile lavage seems sufficient 
for bacterial clearance and is associated with 
less detrimental effects regarding propagation of 
bacteria and bone healing.

19.3.3  Time to Debridement

Three decades ago, initial treatment of all open frac-
tures was stated as an emergency procedure [41]. In 
accordance, clinical guidelines recommended initial 
debridement within 6 h following injury, commonly 
known as the “six-hour rule” [42]. Circumstances 
of infrastructural or human resources as well as the 
patient’s condition may delay the period between 
injury and surgical treatment raising the question 
of the consequences. A recent systematic review 
including six prospective and ten retrospective 
cohort studies with 3539 open fractures provides an 
overview about this issue. For type I and II injuries, 
the infection rate was 12 % following early (within 
6 h) and 5 % following late debridement without 
reaching statistical significance [42]. In type III 
fractures, early debridement resulted in 15 % and 
late debridement in an 11 % infection rate with-
out reaching statistical significance [42]. A ben-
eficial effect of early surgical debridement could 
not be shown in dependence of anatomic location 
or when only deep infections were considered. In 
children, delay in surgical debridement (>6 h) did 
not influence the rates of acute infection as well 
[43]. Additionally, early debridement did not lead 
to improved bone healing [44].

Surgical debridement should be performed 
within 12 h after injury. There seems no evidence 
for the historical six-hour rule in the current 
literature.

19.4  Antibiotic Treatment

Superficial and deep infections including bony 
structures and joints remain a major problem in 
patients suffering from open fractures. In poly-
traumatized patients, reduced perfusion of the 
fracture may additionally impair the body’s 
response to contamination. Besides surgical 
debridement, administration of antibiotics is rec-
ommended in various guidelines [45, 46]. The 
administration of antibiotics before or at the time 
of primary treatment reduced the number of early 
infections independently of agents used or dura-
tion [8]. There is consensus that administration 

Fig. 19.3 Low pressure pulsatile lavage during the initial 
surgical debridement
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should be initiated within 1 hour after detection 
of an open fracture [47]. Prehospital treatment of 
open fractures with antibiotics was associated 
with a shortened time interval between injury and 
antibiotic administration. However, it did not 
show an additional benefit regarding incidence of 
infections or impaired fracture healing [48].

Multiple studies investigated the effectiveness 
of different antibiotics for infection prevention 
[8, 46]. Although antibiotic treatment is routinely 
used for therapeutic purposes in open fractures, 
most studies suffer from “methodologic prob-
lems, including commingling of prospective and 
retrospective data sets, absence of or inappropriate 
statistical analysis, lack of blinding, or failure of 
randomization” [46]. However, the most current 
Cochrane review states that “further placebo con-
trolled randomized trials are unlikely to be justi-
fied in middle and high income countries” [8].

For Type I and type II fractures, it is recom-
mended to cover gram-positive germs, especially 
against Staphylococcus aureus [46]. Antibiotic 
treatment of type III fractures should be effective 
against gram-negative bacteria and therefore 
additional treatment with an aminoglycoside is 
recommended [8].

Duration of treatment with antibiotics is 
mostly dependent on wound closure. In most 
studies, antibiotic coverage for 24 h after primary 
closure was sufficient. Thus, antibiotic coverage 
for 2–3 days should be sufficient for type I and II 
fractures. More severe open fractures may benefit 
from prolonged treatment.

Systemic antibiotic treatment should be 
initiated as early as possible after injury. 
Cephalosporines covering a gram positive spec-
trum can be used for type I and II injuries, for 
type III fractures an aminoglycoside should be 
added to cover gram-negative bacterias.

Local antibiotic administration using the bead 
pouch technique produce high local levels of 
antibiotics in the wound. This should inhibit local 
bacterial growth without side effects induced by 
systemic administration. Especially in complica-
tion wounds that cannot be initially closed local 
antibiotic treatment offers a tool in wound man-
agement. In an animal study, deleterious effects 
of gentamycine on bone healing were excluded 

[49]. The advantage of high concentrations of 
locally administered antibiotics seems question-
able after introducing negative-pressure wound 
therapy for temporary closure [50].

Only few retrospective clinical trials investi-
gated the benefit of local antibiotic administra-
tion. In a prophylactic approach, local antibiotic 
treatment with tobramycin-impregnated bead 
chains decreased incidences of wound infections 
and osteomyelitis when compared to a systemic 
antibiotic triple therapy with cefazolin, tobramy-
cin, and penicillin [51]. The beneficial effect of 
tobramycine beads seems pronounced in higher 
degree open fractures [52, 53]. The same authors 
confirmed the results in a study including more 
than 1000 patients in which local aminoglycoside 
treatment resulted in a decrease of the infection 
rate from 12 to 3.7 % [54]. The only prospective 
study comparing local and systemic antibiotic 
treatment included 67 patients with 75 open frac-
tures. No difference regarding incidence of infec-
tion was detected. In addition, local treatment in 
conjunction with intravenous antibiotics did not 
show an additional benefit [55].

According to the actual literature, a beneficial 
effect of local antibiotic administration in open 
fractures is limited based on studies with low 
evidence.

19.5  Fracture Stabilization

Mechanical stabilization of open fractures is a 
key step in the treatment strategy. Surgical stabi-
lization of the fracture prevents secondary dam-
age to adjacent soft tissue, and decreases the 
incidence of infection. Various factors including 
patient’s parameter (e.g., age, comorbidities, 
etc.), additional injuries, and localization of the 
fracture influence the type of fracture stabiliza-
tion. Common techniques include external fixa-
tion, intramedullary stabilization, conventional 
and locking plate osteosynthesis as well as screw 
and wire fixation. During the last two decades the 
concept of damage control orthopedics changed 
treatment strategies in polytraumatized patients 
[56, 57]. Considering the patient’s status with 
regard to hemodynamics as well as head and tho-
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racic injuries temporary stabilization of long 
bone fractures with external fixation devices 
(Fig. 19.4a, b) will reduce further surgical harm 
and therefore prevent an exaggerated posttrau-
matic immune response [58, 59].

Insofar, complex reconstruction of articular 
surfaces is not part of the initial management. In 
these cases, mechanical stabilization is achieved 
with a temporary external fixation. Placement of 
pins should consider future surgical approaches, 
implant placement or local flaps.

Fixation with external devices is fast and easy 
to handle but a high incidence of pin tract infec-
tions, difficulties in soft tissue management and 
malunions are described when definitive stabili-
zation was attempted [60]. When external fixa-
tion is used as a bridging device until the patient 
is stabilized and definitive internal fixation is per-
formed during the clinical course no increased 
risk of infectious complications was evident [61]. 
Moreover, results regarding osseous healing 

showed a 97 % union rate at 6 months in open 
and closed femoral fractures following tempo-
rary stabilization [62]. Consistently, the interval 
between temporary external stabilization and 
definitive intramedullary nailing influences inci-
dence of complications. The delay before conver-
sion was identified as a risk factor for infections 
[61, 63, 64].

External fixation as definitive treatment has 
shown an increased risk for reoperation, non-
union, and infection as compared with unreamed 
nailing [65].

Definitive treatment of diaphyseal fractures 
with intramedullary nailing (Fig. 19.4c, d) 
should be considered in patients in type I and II 
fractures in whom adequate soft tissue coverage 
is possible and no severe contamination is pres-
ent. Although only minimal incisions are 
required preventing further damage to the soft 
tissue in the fracture region, nail locking must be 
possible.

Fig. 19.4 X-ray of tempo-
rary external fixation in an 
open fracture of the lower 
limb (Type IIIb following the 
Gustilo classification) in ap. 
(a) and lateral (b) view. X-ray 
of definitive stabilization with 
a locking nail in ap. (c) and 
lateral (d) view

a b
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The debate of reamed versus unreamed nail-
ing remains in the current literature. In a prospec-
tive multi-center study (SPRINT) including over 
1300 patients with open and closed tibial frac-
tures, no differences regarding required revision 
surgery between reamed and unreamed nailing 
were revealed. However, patients with open frac-
tures treated with reamed nailing had an increased 
risk for revision surgery as compared to unreamed 
nailing [66]. In contrast, reamed nailing showed 
superior results in closed fractures [66]. An ear-
lier meta-analysis including 2 randomized trials 
with 132 patients did not show any effects regard-
ing revision surgery, infections or mal- and non-
unions [65]. Nonetheless, an insignificant 
advantage for reamed nailing was detected which 
is in contrast to the SPRINT study [65].

Primary plate osteosynthesis for fixation in 
open fracture has been shown to be associated 
with high infection rates [67, 68]. Although intro-
duction of locking plates allows minimal invasive 
surgical techniques, infection rates remain high 

[69]. In contrast, staged protocols including tem-
porary external fixation were shown to decrease 
infection rates [70].

An algorithm for fracture stabilization is pro-
vided in Fig. 19.5.

19.6  Timing of Wound Closure

The question of wound closure timing remains a 
controversial debate since more than 25 years ago 
a landmark paper about emergency free flaps was 
published in 1988 [71]. Approximately 10 years 
before, open wound management was still propa-
gated to prevent fatal infections such as gas gan-
grene [72]. The advantage of emergency free 
tissue transfer was seen in reduced infection rates 
occurring in longstanding open wounds [73]. 
Moreover delayed wound closure prolongs in- 
hospital time as well as treatment costs. A reduced 
infection rate and time to union due to microsurgi-
cal reconstruction within 72 h following injury was 

c dFig. 19.4 (continued)
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published 2 years earlier by Godina with inclu-
sion of 532 patients [74]. The concept of early 
wound closure was supported by microbiologic 
analyses showing that initial microbial contami-
nation before surgical debridement was not pre-
dicting occurrence of infections. In a prospective 
study investigating 117 open fractures, in only 
two of seven infections initial wound cultures 
were positive [75]. In another study, 39.3 % of 
predebridement swabs were positive while none 
of them developed an infection [76]. To date, the 
concept of fix and flap is still used and excellent 
results regarding infection rate, limb salvage as 
well as function were reported in a retrospective 
study [77]. However, the evidence for immediate 

closure remains low with mostly retrospective 
studies conducted before vacuum-assisted wound 
closure (VAC) was introduced. Additionally, most 
of the studies investigating early versus delayed 
wound closure were criticized since a selection 
bias with less severe injuries in the early closure 
group was evident [78, 79].

Nowadays, the concept of immediate or early 
wound closure requiring microsurgical tech-
niques comes into conflict with the damage con-
trol approach. Free tissue transfer may take 
several hours and require repositioning of the 
patient during the surgical procedure [80] which 
may not be tolerated from patients suffering from 
severe head, pulmonary, and abdominal trauma.

Open fracture

Patient stable?

External fixation Gustilo type?

No Yes

Type III

Soft tissue
contamination?

Type I/II

No

Yes

Diaphyseal fracture?

Yes No

Intramedullary
nailing

Complex fracture
pattern?

No Yes

Minimal invasive
stabilization

External fixation

Fig. 19.5 Algorithm for 
fracture stabilization 
considering patient’s status 
and local injury 
characteristics
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Delayed wound closure was already sug-
gested in 1959 when problems with more severe 
open fractures occurred [11]. The well-known 
study by Gustilo and Anderson revealed an 
increased infection rate up to 44 % in open seg-
mental tibial fractures with extensive tissue 
injury [12]. Hence, they concluded that type I 
and type II injuries could be primarily closed 
while type III open fractures should benefit from 
a delayed closure. Following this treatment pro-
tocol a reduced infection rate from 14 to 4.5 % 
was observed [81].

In general, studies favoring delayed closure or 
not showing significant differences show a higher 
level of evidence with mostly prospective stud-
ies. Another problem remains with the different 
definitions of time periods referring to early and 
late wound closure [82] impeding the compara-
bility of published studies.

The introduction of VAC-systems (Fig. 19.6) 
provided a bridging tool until definitive wound 
coverage can be performed. Negative-pressure 
wound therapy prevents further contamination 
and may increase perfusion close to the wound 
edge [83]. The VAC therapy stimulates granula-
tion tissue, supports skin grafts and therefore 
prevents requirement of more complex recon-
struction procedures [84, 85]. Treatment with 
VAC resulted in decreased edema improving 
local tissue perfusion which may have positive 
effects on wound healing [85]. Although a 
diminished number of bacteria due to VAC 
therapy were advocated, recent studies question 
this hypothesis [86, 87]. For type III open 

diaphyseal tibial fractures a reduction of 
required free tissue transfer due to application 
of negative-pressure wound therapy was shown 
(Fig. 19.7) [88].

In a recent communication, the benefit of 
using negative-pressure wound therapy in Gustilo 
Grade IIIB/IIIC open tibial fracture was ques-
tioned. In a pooled analysis including three retro-
spective case control studies with 119 patients a 
tendency towards an increased infection rate in 
patients treated VAC for more than 7 days was 
detected [89].

Following current recommendations, type I 
and II injuries should be primarily closed follow-
ing a thorough debridement as described earlier. 
Type III injuries can be treated using 
 negative- pressure wound therapy and staged 
coverage of soft tissue defects can be performed 
after transfer to a specialized center.

Fig. 19.6 Temporary vacuum-assisted wound closure 
after shortening and definitive stabilization before defini-
tive wound coverage

Fig. 19.7 Clinical result of patient shown in Figs. 19.4 
and 19.6 one year after definitive wound closure
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19.7  Limb Salvage Versus 
Amputation: Do Scores 
Help?

Soft tissue injury severity has the greatest impact 
on decision making regarding limb salvage ver-
sus amputation. Multiple scores predictive of the 
functional recovery of patients with open frac-
tures are described. They should help in decision 
making whether limb salvage or amputation 
should be performed. The most commonly used 
scores are as follows:

• Mangled Extremity Severity Score (MESS) [90]
• Limb Salvage Index (LSI) [91]
• Predicting Salvage Index (PSI) [92]
• Nerve Injury, Ischemia, Soft Tissue Injury, 

Skeletal Injury, Shock and Age of Patients 
Score (NISSSA) [93]

The initial decision has an impact on the fur-
ther course since results after delayed amputation 
are poor. Increased rate of infections are reported, 
when amputation was performed later than 5 
days after injury [94]. In contrast, other reports 
from combat zones describe a high degree of 
patient satisfaction following elective late ampu-
tation [95].

During the Lower Extremity Assessment 
Project (LEAP), 601 patients with high-energy 
lower-extremity trauma were evaluated. In 407 
patients, limb salvage and reconstruction was 
successful 6 months after discharge. None of the 
evaluated scores mentioned above was able to 
predict functional recovery in patients with suc-
cessful limb reconstruction [96]. Most scores 
showed a high specificity and therefore low 
scores reliably predict limb salvage potential 
[97]. In contrast, a low sensitivity lead to a failure 
in predicting amputation [97]. Vascular recon-
struction represents a time consuming procedure 
with more than 3 h at thigh or upper arm [98]. In 
more distal vascular injuries, a more complicated 
surgical procedure should be expected. Most 
polytraumatized patients will not sustain long 
and demanding operations without the risk of 
developing complications during the further clin-
ical course.

To date, the assessment for or against limb 
salvage remains an individual decision. Scores 
predicting functional outcome are not reliable. 
Before complex surgeries for limb salvage are 
planned the status of the polytraumatized patients 
should be carefully examined.

19.8  Future Perspectives

Although advances in diagnostics and therapy of 
open fractures improved outcome, there still 
remain problems that need to be addressed in 
future research. Few aspects of latest innovations 
are described.

New debridement techniques were recently 
investigated in an experimental study [99]. A 
plasma-mediated bipolar radiofrequency ablation 
was able to reduce bacterial load as compared to 
a cold steel curette.

The most recent development in treatment of 
bone defects offers new therapeutic options. In an 
animal model, osteoinductive and osteoconductive 
bone-graft substitutes with tobramycin- impregnated 
calcium sulfate pellets placed in a bone defect 
resulted in prevention of Staphylococcus aureus 
infection [100]. The combination of bone grafts 
with antibiotic delivery may reduce number of 
required surgical procedures in the future.

The problem of deep infections leads to the 
development of new implants implication 
antibiotic- coated surfaces. Incorporated metal 
implants are known to promote infections and 
systemic antibiotic administration does not 
deliver antibiotics to the interface between tissue 
and implant. Antibiotic-coated implants may 
overcome this problem. Promising results from 
experimental animal studies [101] lead to a clini-
cal trial using a gentamycine-coated tibia nail. In 
a preliminary study including closed as well as 
open fractures no implant-related infections 
occurred. No adverse effects were observed 
[102]. Other antibiotics (daptomycin [103], van-
comycin [103], rifampicin [104], fusidic acid 
[104]) were tested in experimental settings.

To date, no trials with convincing data are 
available supporting routine clinical use of these 
implants.
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 Conclusion

Decision making in polytraumatized patients 
with open fractures still represents a major 
challenge. Adequate treatment requires an 
individual assessment of patient’s comobidi-
ties, local damage as well as injury pattern and 
severity. The surgeon in charge should be 
experienced in polytrauma management and 
soft tissue injury treatment.

If there remains any doubt regarding local 
soft tissue injury and fracture pattern, a frac-
ture should be treated as an open fracture and 
temporary negative-pressure wound therapy 
should be considered.
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Vascular Injuries: Indications 
for Stents, Timing for Vascular 
and Orthopedic Injuries

Luke P.H. Leenen

20.1  Introduction

Although rare, every orthopedic trauma has 
the chance of accompanying vascular injury. 
Nevertheless, delay in recognition can lead to loss 
of the limb [1]. The combination of fracture and 
arterial injury can go with amputations rates as high 
as 10–40 % [2]! Therefore, every effort should be 
made to exclude synchronous injury of the vascular 
system. Simple diagnostic methods can reveal early 
on the compromise of the vascular system. The real 
challenge in these combined injuries however is the 
timing and logistics throughout initial management 
and definitive care. Irreversible tissue damage may 
occur if more than 6 h passes before blood flow to 
the leg is restored [3]. The ultimate problem how-
ever is the patient with the multisystem injuries, 
where the preservation of life should prevail over 
the preservation of the limb. Quick diagnosis and 
targeted, temporary treatment modalities however 
can make the best of both worlds. Specifics of man-
agement of the mangled extremity are dealt with 
elsewhere in this book.

20.2  Signs and Symptoms

20.2.1  Clinical Evaluation

Immediate clinical evaluation is of utmost impor-
tance in the evaluation of a patient with fracture or 
dislocation of the musculoskeletal system. Hard 
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and soft signs of vascular injury are presented in 
Table 20.1. Paleness of the extremity distal of the 
supposed lesion is a warning sign of vascular com-
promise if the patient is hemodynamically normal. 
Palpation of the peripheral pulses guides further 
need for evaluation. If there is no palpable pulse in 
a patient without further hemodynamic problems, 
then further evaluation is needed. Reduction of 
fractures and  dislocations should be performed, 
where after renewed evaluation should take place. 
If there is still no palpable pulse, urgent further 
evaluation is warranted, preferably by angiogra-
phy. Palpable thrill or an audible bruit also indi-
cates serious injury to the vascular system.

In rare cases, with an expanding hematoma in 
an extremity, no further evaluation should take 
place, and the patient should be taken to the oper-
ating room to stop the bleeding, preferably by 
proximal control or direct exploration. If free pul-
satile bleeding is obvious from the open fracture, 
tamponade is done as quickly as possible and a 
tourniquet should be considered. Recent experi-
ences in the Iraq and Afghanistan conflicts show 
good results in these devastating events [4, 5].

20.2.2  Doppler Evaluation

In many occasions, Doppler evaluation is done for 
further evaluation of the vascular system. 
However, Doppler evaluation is only a valuable 
tool, if it is accompanied with a Doppler-guided 
pressure reading and an ankle-brachial index eval-
uation. The ankle-brachial index should be above 
90 % to exclude vascular injury [6]. Picking up a 
Doppler-positive signal does not exclude a major 
vascular compromise, as in most times some sig-
nal is picked up from collaterals, which are how-
ever insignificant for the survival of the extremity. 
Only very experienced vascular surgeons or vas-
cular technicians can evaluate the spectrum of the 
Doppler signal in such cases, although they 
mostly rely on a formal spectral analysis.

20.2.3  Angiography

Angiography is the gold standard in the evalua-
tion of vascular injuries (Fig. 20.1) [7]. Depending 
on the urgency or complexity of the case, this can 
be done either in the angio suite, which is in 
many cases preferable because of the extensive 
and high quality radiological possibilities, or in 
the OR, most times with less sophisticated equip-
ment. The OR environment, however, is favor-
able in patients with multisystem injuries or for 
instance in damage control situations [8]. A sim-

Table 20.1 Hard signs of vascular injury

Absent distal pulses
Expanding hematoma
Pulsatile bleeding
Palpable thrill
Audible bruit

Fig. 20.1 (a) Patient with a knee dislocation. (b) Subsequent arteriography demonstrated a complete stop at the popliteal artery
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ple one-shot angiogram through a proximal arte-
rial puncture gives most times a very adequate 
overview of the vascular system and the level of 
the problem.

Advantage of the arteriography is the possi-
bility of angio embolization. In cases of severe 
arterial bleeding, e.g., in pelvic fractures, angio 
embolization can be an important adjunct in the 
treatment of these severely injured patients, 
after initial mechanical stabilization and pack-
ing. Intraluminal manipulation, when perform-
ing an angiogram, gives also the possibility of 
using intraluminal stents. These stents can be 
used for bridging defects, occluded trajectories 
and coverage of traumatic pseudoaneurysms 
[9]. The use of large amounts of intravenous 
contrast has the disadvantage of a chance of 
contrast nephropathy and allergic reaction. In 
emergency cases also, the chance of local vessel 
injury is relevant [10].

20.2.4  CT Angiogram

As in the current practice, CT is very often used 
for the evaluation of the trauma patient. CT angi-
ography is an option for further evaluation of the 
vascular status of the trauma patient. A specific 
protocol and timing should be used for an opti-
mal result. This modality is less invasive com-
pared to the classic angiogram; however, contrast 
related problems can occur as well with this tech-
nique. It has largely replaced the invasive angiog-
raphy for initial diagnostics in the trauma setting 
as it is readily available [11].

20.2.5  Digital Subtraction 
Angiography

Intravenous digital subtraction angiography 
(DSA) can be used in selected cases; however, it 
results in inferior image quality and requires a 
trip to the radiology department. In children, 
however, this can be an option, as the vascular 
system is less easy to catheterize (Fig. 20.2). The 
relative high dose of contrast that is given is the 
disadvantage of this technique.

20.2.6  MR Angiography

Increasing popular in vascular surgery is the use 
of the MR angiography. Because of the very spe-
cific circumstances where the multiply injured 
patient is many times on the ventilator, this modal-
ity is, infrequently used in the early evaluation of 
the trauma patient [7].

20.3  Treatment

20.3.1  General Tactics

20.3.1.1  Logistics
In the last years, major changes in the logistics for 
the optimal care of the trauma patient have been 
imminent. Not only the further advancement of the 

Fig. 20.2 Digital intravenous subtraction angiography in 
a child with a supracondylar humeral fracture. Disruption 
of the brachial artery in the area of the fracture fixed with 
two K-wires
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CT, even into the emergency room and even used in 
hemodynamically unstable patient, but also the fur-
ther development of the endovascular techniques in 
vascular surgery led to the development of hybrid 
operation suites in which classic operative and 
endovascular techniques could be used in unison. 
This development is of major importance in patients 
with multisystem injuries with skeletal, visceral and 
vascular lesions. In such a suite, all modalities can 
be used for optimal care of the trauma patient with-
out the necessity to transport the patient, with all its 
dangers and intricacies. For instance, patients with 
major pelvic injuries after initial mechanical stabili-
zation and packing can undergo catheter-guided 
embolization in the same instance and place. 
Moreover, patients with severe hepatic injuries can 
undergo after initial packing embolization of the 
remaining arterial intrahepatic lesions, without dan-
gerous transport to the angio suite.

20.3.2  Severe Torso Bleeding

Non-compressible torso bleeding still remains a 
major cause of death in the trauma patient. 
Morrison and coworkers [12] reported the use of 
the resuscitative endovascular balloon occlusion 
of the aorta in severe torso trauma with impressive 
experimental results, reducing mortality to 25 % 
with continuous balloon occlusion. In a clinical 
series of both blunt and penetrating injury, Brenner 
and coworkers [13] reached hemorrhage control 
by aortic balloon occlusion through percutaneous 
or direct cut-down of the femoral artery. There was 
no hemorrhage-related death in this small series, 
with descending aortic and infrarenal aortic 
lesions. New aortic balloon systems can be used 
fluoroscopy free; therefore, it is suitable for use in 
the mergence room or trauma bay.

20.3.3  Extremity Bleeding

Several tactics can be chosen after the diagnosis 
is obvious. For an overview, see the treatment 
algorithm. In severe open wounds with heavy 
bleeding, tamponade is the treatment of choice. 

This can be manually done (Fig. 20.8). Recent 
experiences in the Iraq and Afghanistan con-
flicts showed a renewed interest and good results 
of the application of tourniquets, as mentioned 
above.

After the prehospital and initial resuscitation 
phase, gaining proximal control is of utmost 
importance. Thereafter, revascularization is done 
as soon as possible. In case of complex com-
bined vascular and musculoskeletal injuries, 
regaining perfusion of the distal part of the 
extremity is very important. Nevertheless, it 
should not compromise the possibilities for 
orthopedic intervention neither should the ortho-
pedic intervention make an adequate vascular 
procedure impossible. Although 6 h of ischemia 
time is tolerated in an injured leg, as little isch-
emia time as possible should be allowed. The 
longer the ischemia time in an injured leg, the 
higher the coagulation disposition will be. An 
adequate option is to use a shunt (Fig. 20.3) to 
bridge the time to definitive care with a well-
perfused distal part of the extremity.

From the orthopedic standpoint, temporary 
stabilization of the fracture with an external fix-
ator is a good option. It shortens the time to vascu-
lar reconstruction as well as reperfusion and 
leaves the opportunity for extensive reconstruc-
tion after the vascular continuity is restored. Care 
should be taken to restore adequate length, so the 
definitive reconstruction of the bone can be done 
without major shortening or lengthening of the 
extremity, as this can compromise the vascular 
conduit later on.

For repair, mostly an interposition vein graft 
is used [14], because of the immunological 
properties (Fig. 20.8). A PTFE conduit can be 
used; however in case of open fractures and con-
taminated wounds, this is the less preferable 
option. Direct repair can be used in selected 
cases; however in order to prevent a relevant ste-
nosis after direct repair, a vein patch is often 
used instead [15].

In case of an incomplete occlusion of an 
artery, most times based on a stretching mecha-
nism, with an intimal tear as the result, several 
options are available [16]. Antiplatelet therapy 
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Fig. 20.3 (a) Shunt in situ in the superficial femoral artery in a patient with a femoral fracture and severe head injury. 
After hemorrhage control, restoration of flow by (b) a shunt, (c) temporary external fixation, and (d) ultimate plate 
fixation of the femur

a

b c d
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Fig. 20.4 (a) Distal shaft fracture of the femur, with an intimal lesion of the superficial femoral artery, as shown by (b) 
arteriography, treated with (c) a wall stent after initial external fixator, with (d) a distal femoral nail

a b

c d

has been advised in such cases, e.g., in case of 
carotid artery lesions after cervical fractures [17]. 
Other authors advocate the use of a wall stent, 
placed through radiological intervention 
(Fig. 20.4). Stents have been used for a variety of 
vascular problems like aneurysms, dissections 
and hematoma [18].

20.3.4  Specific Anatomic 
Considerations

20.3.4.1  Neck
As mentioned earlier, patients with stretch to the 
neck, signified for instance by fractures of the 
cervical spine [19] have to be evaluated by plain 
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angiography or CT angiography [20]. A 16-slice 
CT scan can do the job [20]. This has to be a sep-
arate sequence/run after evaluating the neck for 
other traumatic injuries. In case of an intimal 
lesion (Fig. 20.5), currently, antiplatelet therapy 
is the treatment of choice [17].

20.3.4.2  Upper Extremity
Fractures of the proximal humerus also are 
known for vascular compromise, as shown in 
Fig. 20.6. This area is not easily approachable 
surgically and can be managed with recanaliza-
tion and stents as shown here. Castelli and 
coworkers [21] used stents in this area success-
fully without major complications.

Gaining proximal control in case of severe 
bleeding in the area of the subclavian artery is 
very problematic. With catheterization and sub-
sequent use of intraluminal detachable balloons, 
control can be obtained, as described by Scalea 
and Sclafani [22].

The highest incidence of vascular compro-
mise in upper extremity injuries is with the distal 
humeral supracondylar fractures common in 
young children. Mainly, the extension type is 
related with vascular injuries (Fig. 20.2). 
Vascular problems in the area of the elbow 
should be repaired, as the brachial artery is the 
principal end artery for the lower part of the arm. 
Mostly, a short bypass is the treatment of choice 
in this area.

Below the level of the elbow, because of the 
duplicate pursuance of the vasculature, mostly no 
major problems occur. In case of severe bleeding, 
the vessel can be tied off, with the premise that 
the counterpart is open. Through the arc of the 
hand, mostly sufficient flow is available for the 
downstream area of the lower arm.

20.3.4.3  Pelvic Bleeding
Exsanguination after pelvic fractures remains a 
major challenge. After initial stabilization and 
packing, angio embolization should be contem-
plated [23]. Local circumstances however dictate 
whether this is safe and can be done in timely 
fashion. A vascular interventional radiology team 
should be readily available around the clock. 
Intricacies of pelvic trauma are dealt with else-
where in this book.

Also after the initial resuscitation, pelvic 
bleeding can remain a challenge as smaller ves-
sels can demonstrate ongoing bleeding, as shown 

Fig. 20.5 (a) Fracture of the foraminal condyel after a motor 
vehicle accident with head-on collision. (b) Routine evalua-
tion with CT Angio demonstrated an intimal flap. The patient 
was treated with anti platelet medication with good outcome

a

b
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in Fig. 20.7. Interventional radiology is an ele-
gant way of tackling this problem.

In pelvic cases, the evaluation of bleeding 
vascular injury precedes the evaluation of vas-
cular compromise. Thereafter exact evaluation 
of the integrity of the iliac arteries should be 
done. In case where vascular and nervous inju-
ries coexist, together with disruption of the SI 
joint and symphysis, an internal hemipelvec-
tomy should be suspected. In these lesions, a 
crossover bypass is one of the possibilities; 
however, care should be taken to shut down the 

proximal side to preclude bleeding after 
revascularization.

20.3.4.4  Lower Extremity
Currently, based on the experiences from the Iraq 
war, tourniquets are gaining popularity in case of 
severe open exsanguinating extremity wounds. 
Revascularization should be done as early as pos-
sible, however taking into account the general 
condition of the patient and the vital functions.

For acute revascularization, temporary stents 
have been of value (Fig. 20.3), as has been dis-

Fig. 20.6 (a) Proximal humeral fracture, with (b) vascular compromise of the axillary artery. (c) Good patency after a 
Dotter procedure and stent placement
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cussed above, followed by a venous bypass, 
preferably with the great saphenous vein from 
the contralateral side (Fig. 20.8). The use of the 
homolateral saphenous vein is contraindicated 
as it might be damaged and with concomitant 
injury of the deep veins, swelling of the homo-
lateral leg can compromise venous return alto-
gether [7]. For intimal tears, both, stenting 
(Fig. 20.4), but also follow up and platelet 
inhibiting is used.

Huynh evaluated the skeletal injuries of the 
lower extremity associated with arterial injury and 
found that tibia and fibula fractures are related the 
most with arterial injury [15], followed by knee 
dislocations (Fig. 20.1). The below-knee popliteal 
artery and the distal superficial femoral artery are 
involved most. They advise to reconstruct the vas-
cular injury where after the bone should be 
repaired, as they did in 63 % of cases. In general, 
they do not use shunting in this area. Their proto-

Fig. 20.7 (a) Pelvic fracture, with pelvic ring and acetabular involvement. (b) Further evaluation of persistent blood 
loss showed arterial bleeding. (c) Treatment with embolization with good result

a

b c
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col comprises of a medial approach to the vessel, 
debridement of the injured segment, hepariniza-
tion, embolectomy, if needed, and reconstruction 
with graft, venous patch and in the minority direct 
repair. They advise a low threshold for fasciotomy 
to prevent compartment syndrome as they did in 
60 % of their cases. With this algorithm, they 
achieved 92 % salvage.

Lesions below the trifurcation are mostly not 
amenable for repair. Most times, one artery will 
suffice for adequate perfusion [24]. Brinker et al. 
[25] evaluated the opinion of 200 vascular sur-

geons on lesions in this area; however, no con-
sensus was reached on the treatment of the 
various lesions. Hafez et al. [26] evaluated in a 
total series of 550 vascular injuries of which in 
the majority were penetrating injury reported 
fairly good results for repair of crural arteries. 
Segal evaluated 18 patients with lower limb inju-
ries and vascular repair. Hafez et al, as well as 
al- Salman [14] also used contralateral vein graft 
with fairly good results. Nevertheless, the last 
authors report that these lower limb injuries carry 
a high incidence of amputation of up to 30 %.

Fig. 20.8 (a) Severe open injury of right leg and pelvic 
region. Direct manual tamponade of the arterial bleeding. 
Head of the patient is to the right. (b) Proximal control of 
external iliac artery through an incision above the iliac 

crest and retroperitoneal approach. (c) Vascular lesion of 
the femoral artery. (d) Postoperative CT with volume ren-
dering technique of pelvic region with pelvic fracture 
after vascular repair with interposition vein graft

a b

c d
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The development of a compartment syndrome 
is generally seen as a major compromise of ortho-
pedic injury with concomitant vascular injury. 
Therefore, after revascularization, there is a gen-
eral idea that a fasciotomy should be added.

 Conclusion

Vascular injury accompanying skeletal trauma 
is relatively rare. However, prompt diagnosis 
and expeditious repair are the prerequisites for 
prevention of amputation. A wealth of new 
techniques like CT and intraluminal catheter-
ization has become available for diagnostics 
and repair. When treated early, the general 
prognosis is good.
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21.1  Types of Articular Injuries

Articular injuries are common in polytrauma-
tized patients. While these are unlikely to be life 
threatening in the acute setting, they would cause 
significant disability if not appropriately treated. 
The joint can be affected in one of the following 
ways.

First, the high-energy trauma causes a fracture 
that involves the articular surface. Such intra- 
articular fractures can cause severe disability to 
the patient if they are not treated appropriately. 
Accurate joint reconstruction with stable fixation 
allowing early mobilization of the joint is impor-
tant for good cartilage healing and good joint 
motion recovery. The surgical reconstruction will 
require careful preoperative planning and should 
be done later as definitive fixation.

Second, the term ‘floating joint’ injury refers 
to the fractures occurring both proximal and dis-
tal to the joint, resulting in a total lack of bony 
support of the affected joint. The fractures may 
not extend to the articular surface. Since nerves 
and blood vessels are commonly in close vicinity 
to the joint, the risks of neurovascular complica-
tions are usually much higher in the presence of a 
floating joint.

Third, dislocations of major joints or fracture- 
dislocations occur and represent are orthopaedic 
emergencies. These conditions must be recog-
nized promptly in the emergency room during 
secondary survey. Reduction should be achieved 
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with appropriate analgesics or anaesthesia as 
soon as possible. If the dislocations are left unat-
tended, there will be a high chance of vascular or 
neurological complications.

21.2  Assessment

In the emergency room, resuscitation should fol-
low the ATLS protocol. After the primary survey, 
a thorough secondary survey should be per-
formed and the whole body should be examined 
for other injuries. The presence of any open frac-
tures or compartment syndrome should not be 
missed. Floating joint injuries or major joint dis-
locations have to be recognized based on the 
deformity of the limbs. However, the treating 
doctor should not be distracted by the obvious 
deformity and overlook other associated compli-
cations. The distal circulation of the limb must be 
checked and if the patient is conscious, a quick 
motor and sensory examination should be 
recorded as a baseline for further reference. 
Afterwards, appropriate splints must be applied. 
Radiographs in two planes, including the full 
length of the long bones, must be obtained to 
confirm the diagnosis.

21.3  Strategy of Management 
of Articular Fractures 
in Polytrauma Patients

Complex fractures around joints remain chal-
lenges in the management of polytraumatized 
patients and they are associated with an increased 
risk of complications. During decision making to 
formulate the plan of management, the surgeon 
must take into account any associated injuries to 
other major internal organs and body parts 
(Table 21.1). At the same time, the local soft tis-
sue condition around the joint must be carefully 
assessed. These two factors will affect the timing 
of the fracture fixation and the method of fracture 
fixation [1].

In general, complex fractures around the joints 
are better managed with a staged strategy [2, 3]. 
First, the soft tissue condition around the injured 

joint, especially the knee and the ankle, is usually 
in an unfavourable condition. There are usually 
severe oedema and blisters, thus rendering pri-
mary fracture fixation very risky with high com-
plication rates. Second, intra-articular fractures 
are complex injuries. In order to achieve a good 
outcome, the articular surface should be recon-
structed anatomically, the limb axis be restored 
correctly and a stable fixation connecting the 
articular block to the metaphysis and diaphysis 
should be obtained to allow for early joint motion. 
This often necessitates a good preoperative 
assessment of the fracture including good quality 
radiographs, CT scans with reconstruction and in 
indicated cases, MRI. Good and accurate surgical 
planning and meticulous surgical skills are cru-
cial in achieving a good fixation. Hence, these 

Table 21.1 Surgical priorities in the treatment of com-
plex articular fractures in polytrauma

A.  Primary surgical procedures in the emergency 
setting

  1. Limb-saving procedures:
   Reduction of large joints, such as hip, knee, by 

close or open means with temporary stabilization 
by splint or traction

   Bony stabilization with urgent vascular surgery for 
acute damage to vascular supply

   Debridement and spanning external fixation for 
open articular fractures together with appropriate 
intravenous antibiotics

   Fasciotomy and spanning external fixation for 
articular fractures complicated by compartment 
syndrome

 2.  Spanning transarticular external fixation as a 
damage control procedure

   To stabilize floating joint injuries or unstable joint 
dislocation after reduction in unstable patients

   To stabilize peri-articular fractures with 
unfavourable local soft tissue conditions

B.  Secondary surgical procedures that should be done 
when the general condition of the patient is 
stabilized or the soft tissue condition has improved

  1. Definitive fixation of intra-articular fractures with 
initially unfavourable soft tissue conditions

  2. Definitive fixation of unstable fracture 
dislocations, e.g. shoulder, acetabulum

  3. Definitive fixation of floating joint injuries that are 
initially treated with spanning external fixation

  4. Soft tissue coverage and definitive fixation of open 
intra-articular fractures
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difficult definitive reconstructions should not be 
performed in the setting of emergency surgery in 
a polytraumatized patient.

Generally speaking, the management of artic-
ular fractures in polytrauma patients should 
include a primary spanning external fixation 
applied in the emergency setting (Fig. 21.1). The 
configuration should be simple and allows easy 
access to the soft tissues during subsequent sur-
geries. The surgeon applying the external fixation 
should preferably be the surgeon who fixes the 
fracture definitively. Definitive fixation should be 
carried out when both the general condition of 
the patient and the local soft tissue conditions are 
optimized. Vacuum-assisted closure (VAC) ther-
apy has been shown to be effective in managing 
large soft tissue defects and in assisting wound 
closure [4–6].

Sometimes in high-energy articular frac-
tures, the stability of the joint is affected, 
resulting in a fracture-dislocation. In principle, 
a major joint dislocation that causes significant 
deformity should be reduced as soon as possi-
ble as the distal circulation will be affected. In 
the case of posterior hip dislocation that com-
monly occurs with posterior wall fracture of 
the acetabulum, reduction can usually be done 
quickly with closed manipulation once the 
patient is anaesthetized. Fixation of the poste-
rior wall fracture should be done at a later stage 
after thorough assessment with CT scan. 
Similarly, fracture dislocations involving the 
ankle should be reduced urgently to avoid com-
promises of the soft tissue envelope and the 
distal circulation.

21.4  Principles of Managing Open 
Articular Fractures

Open articular fractures are often the result of 
high-energy trauma and are often associated 
with severe fracture comminution and bone loss. 
The common causes include road traffic acci-
dents, industrial accidents or fall from heights. 
In lower extremity trauma, open injuries are 
more common especially in the knee and ankle 
regions [7].

Initial care of open joint injuries includes a 
good assessment of the patient’s general condi-
tion and urgent management of all life threaten-
ing events. Repeated debridement should be 
preformed. The size and the degree of contami-
nation of the open wound are assessed. The 
wound should be first irrigated with copious 
amount of normal saline and the debris is 
removed. Broad-spectrum antibiotics should be 
started. If wound is grossly contaminated with 
dirt or soil, antibiotics covering anaerobes 
should also be started. The devitalized soft 
 tissue including skin, fascia, fat and muscle 
should be debrided. Exposed cartilage should 
be covered with viable soft tissue if possible. 
Important peri- articular structures including 
tendons, stabilizing ligaments, neurovascular 
bundle should be debrided with caution. In case 
of suspected vascular damage associated with 
open joint injury, vascular surgeon should be 
brought in to revitalize the distal circulation as 
soon as possible. The return of blood circula-
tion in the limb is one of the important factors 
to fight against future complications including 

Fig. 21.1 Temporary knee-
spanning external fixation in a 
34-year-old polytrauma victim 
with comminuted proximal 
tibial fracture complicated 
by compartment syndrome. 
Emergency fasciotomy was 
performed. Vacuum-assisted 
closure was applied and 
wound closure was performed 
on day 10 after injury. The 
definitive fixation was then 
carried out on day 14
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infection. Amputation rate can be as high as 
86 % if revascularization is delayed [8].

Appropriate imaging studies will always 
include a CT scan of the injured site that will 
allow surgeons to formulate an operative plan. 
One of the challenges in treating open joint inju-
ries is the preservation of free osteochondral 
fragments. In general, these should be preserved 
by all means. Small osteochondral fragment 
can be removed. However, large unstable osteo-
chondral fragment should be stabilized to ana-
tomical position by minimal implants [9]. This 
can usually be achieved by appropriately sized 
lag screws or multiple K-wires. The cartilage 
portion should be cleaned well with copious 
amount of saline. The bony part should be 
debrided and contamination removed. Intra-
articular drains should be placed to drain all the 
fluid collection in post- operative period.

Bony fragments which are contaminated or 
are without any soft tissue attachments should be 
excised. We use the technique of antibiotic 
cement spacer placed within the osseous void fol-
lowed by staged bone grafting [10]. The induced 
biomembrane formed around the spacer prevents 
graft resorption, improves vascularity and later 
corticalization. Unpublished data from our insti-
tution between 2009 and 2012 showed four 
patients with open articular fractures (including 
two in distal tibia, one in distal femur and one in 
olecranon) undergoing bone reconstruction by 
the induced membrane technique. The antibiotic 
used for cement spacer is either gentamicin or 
vancomycin. Cancellous bone grafting was done 
after an average of 44 days (Fig. 21.2). All 
patients demonstrated radiological consolidation 
over the defect after treatment.

For most of the open articular injuries, joint 
spanning external fixator is almost a must for 
the temporary stabilization and immobilization 
of the damaged joint. The spanning external 
fixator should be rigid but versatile enough to 
allow daily observation of the open wound 
area.

In general, definitive internal fixation of the 
joint and metaphyseal area is best done as early as 
possible to minimize joint stiffness and improve 
cartilage healing. However, this can only be done 
when the joint has no sign of infection and there 

is adequate soft tissue coverage. Timing of defin-
itive fixation depends on the general status of the 
patient as well as local soft tissue and bony con-
ditions. This needs a lot of experience and careful 
planning. Therefore, open articular fractures are 
best managed by  experienced trauma surgeons in 
trauma centres where other related experts such 
as plastic surgeons or vascular surgeons are read-
ily available.

21.5  Floating Joint Injuries

21.5.1  Floating Knee Injury

A floating knee refers to the injury when the ipsi-
lateral femur and tibia are both fractured. A sig-
nificant force must be needed in order to break 
these two bones and therefore this injury fre-
quently implies a more substantial mechanism of 
injury. The patients are commonly haemodynam-
ically unstable and may have significant injuries 
of other organs and the other extremities. This 
injury is also associated with complications that 
carry an increased risk of morbidity and 
mortality.

Fraser et al. classified floating knee injuries by 
whether there is joint involvement [11] (Fig. 21.3).

Type I is the injury with extra-articular fractures 
of both bones.

Type II is subdivided into three groups, as 
follows:
• Type IIa involves femoral shaft and tibial 

plateau fractures.
• Type IIb includes fractures of the distal 

femur and the shaft of the tibia.
• Type IIc indicates fractures of the distal 

femur and tibial plateau.

This is the commonest classification system 
for floating knee injury and is of prognostic value 
since type I fractures have better functional out-
come than type II with various extent of intra- 
articular involvement. This classification was 
recently modified by Ran et al. to include patellar 
fractures as a type III fracture [12]. They reported 
worse outcome with complex articular fractures 
and type III fractures.
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21.5.1.1  Management of Fractures 
in Floating Knee Injury

Historically, floating knee injuries were totally 
treated or partially treated non-operatively. 
However, the results were unsatisfactory [11]. 
The current recommended treatment of the bony 
injuries is surgical fixation of both the femoral 

and the tibial fracture. There is no single ideal 
method of fixation [13]. The surgeon should take 
into consideration the extent of soft tissue injury, 
the location and pattern of the fractures and the 
associated injuries.

Isolated floating knee injury without sig-
nificant articular involvement should be treated 

a b

c

Fig 21.2 (a) A type IIA open distal femoral fracture in a 
25-year-old male sustaining multiple injuries after a 
motor cycle crash. Debridement and spanning external 
fixator was applied. (b) Placement of antibiotic cement 
spacer into the defect after the wound bed had been 

 adequately debrided. (c) The cement spacer was removed 
and the defect grafted with autograft. Six weeks later, 
internal fixation was performed. Notice the rapid incorpo-
ration of the bone graft into richly vascularized bone 
(white arrow)
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acutely if the patient is haemodynamically stable. 
If both fractures occur in the diaphysis, then both 
the femoral shaft and tibial shaft should be treated 
with intramedullary nailing. There is still a con-
troversy as to whether antegrade or retrograde  
femoral nailing should be used. Rethnam sug-
gested that antegrade nailing should be done 
[14]. Advocates for retrograde femoral nailing 
suggested that the quickest surgical procedure is 
to perform a retrograde intramedullary nailing 
of the femur with an intramedullary nailing of 
the tibia using a single incision over the knee 
(Fig. 21.4).

Alternatively, the tibia fracture is temporarily 
splinted with a cast and an antegrade femoral 
nailing is done first, followed by the tibial nail-
ing. If either one or both fractures involve the epi- 
metaphyseal region, then the appropriate 
peri-articular plate fixation should be performed 
according to the location (Fig. 21.5). In case of 
severe soft tissue swelling as in tibial plateau or 
plafond fractures, the definitive fixation may be 

delayed until the soft tissue condition improves 
and there is a lower chance of soft tissue compli-
cations. In case of complex articular involvement 
with significant fracture comminution, such as 
tibial plateau fracture, then one can also elect to 
apply an external fixator temporarily and the 
definitive fixation done at a later stage when the 
required surgical expertise is available.

On the other hand, in unstable patients or 
those in extremis, life-threatening injuries such 
as haemothorax, pneumothorax, intraabdominal 
haemorrhage, intracranial haematoma must be 
managed as the first priority. Under these circum-
stances, a temporary stabilization with a span-
ning external fixator should be performed, 
following the principles of damage control ortho-
paedic surgery. Once the patient’s physiological 
status is stabilized, conversion to internal fixation 
and definitive surgery can then be performed.

In the post-operative period, range of motion 
of the knee joint should be started early. 
Continuous passive motion can be used until sat-
isfactory knee motion has been achieved. The 
patient should do partial-weight-bearing walking 
if both fractures are extra-articular. If one or both 
fractures involve the knee joint articular surface, 
then weight bearing should be delayed for 6–8 
weeks.

21.5.1.2  Associated Injuries in Floating 
Knee Injuries

Vascular injuries of the affected limb can occur in 
a floating knee injury. The reported incidence 
ranges from 21 to 29 % [15, 16]. Limb ischaemia 
may occur if the popliteal or posterior tibial arter-
ies are injured. As a result, a thorough vascular 
assessment is crucial in early detection of this 
injury. Preoperatively, the peripheral pulses 
should be assessed with palpation and hand-held 
Doppler in all floating knee injuries. If arterial 
injury is suspected, an intra-operative arterio-
gram should be performed and vascular repair 
should be performed together with the bony 
stabilization.

The incidence of open fractures in a floating 
knee injury can be as high as 50–70 % [16]. The 
commonest pattern is a closed femoral fracture 
with an open tibial fracture. Paul et al. reported 

I IIA IIB IIC

Fig. 21.3 Floating knee classification of Fraser et al. [11]
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that 17 of 21 patients had open fractures of one or 
more bones and 76 % of these were either grade 
II or grade III [16]. In general, the management of 
open fractures associated with floating knee inju-
ries should follow the principles of open fracture 
management. This should include adequate 
debridement and stabilization of the fractures 
with either external fixation or intramedullary 
nailing depending on the grading of the open 
fractures. It is expected that multiple surgical pro-
cedures are usually required and in patients with 

severe mangled limbs and unstable general condi-
tions, amputation should be considered [16].

Associated ipsilateral knee ligaments injuries 
are common in the floating knee injury [17]. 
Anterolateral rotatory instability is the common-
est instability pattern. However, there is a diag-
nostic difficulty as the floating joint cannot be 
tested for ligamentous injuries. Hence after stabi-
lization of the fractures, stress testing of the knee 
ligaments must be performed. If a ligamentous 
injury is suspected, then an acute arthroscopy can 

a

c d

bFig. 21.4 A 48-year-old 
gentleman was hit by a 
moving car from front. He 
sustained a Type I floating 
knee injury. Distal neurovas-
cular status was normal. He 
also had a concomitant stable 
pelvis injury. There was no 
other major internal organ 
injury. (a) X-ray of his left 
femur showed a transverse 
fracture left mid-shaft of 
femur. (b) X-ray of his left 
tibia showed a spiral fracture 
left mid-shaft of tibia and 
proximal fibula. Surgical 
fixation was performed the 
next day. (c, d) Single medial 
parapatellar approach was 
used for the retrograde femur 
nail and the antegrade tibial 
nail. The patient was allowed 
to freely mobilize the hip and 
knee after surgery with 
protected-weight-bearing 
walking
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Fig. 21.5 (a) A 42-year-old 
male was injured by a fallen 
heavy object and sustained 
a type IIc floating knee 
injury. (b)Early fixation of 
both fractures were done 
after  initial stabilization. 
Good lower limb alignment 
was obtained. (c, d) Good 
knee range of motion was 
obtained at 6 months after 
injury

a b

be performed and the injured ligaments can be 
repaired acutely or at a later stage.

21.5.1.3  Complications
The management of the fractures in floating knee 
injuries is challenging to orthopaedic surgeons. 
Fraser et al. reported 35 % of patients with float-
ing knee injuries required late surgery for delayed 
union or non-union, osteomyelitis, refracture and 
malunion [11]. There are several explanations to 
this high rate of complications. The first reason is 
that most of the fracture fixation surgeries are 
performed in the emergency setting. The level of 
surgical expertise available is a crucial factor to 
the success of the surgery since sometimes a 
good fixation can be difficult for the average sur-
geon. Moreover, the floating knee segment pres-
ents great difficulty in achieving an accurate 
reduction of either fracture. Hence, floating knee 
injuries are prone to delayed union or non-union. 
Rotational mal-alignment can also be difficult to 
diagnose intra-operatively (Fig. 21.2). The over-
all leg length should be checked at the end of the 
surgery and in the early post-operative period. If 

the patient’s general condition allows, any mal- 
reduction should be corrected within the first few 
weeks before hard bone is formed, necessitating 
an osteotomy surgery.

Fat embolism can occur in a floating knee 
injury. Karlstrom and Olerud reported 6 out of 31 
patients with fat embolism syndrome [18]. Veith 
et al. reported 13 % incidence of fat embolism 
syndrome in 54 patients of floating knee inju-
ries [19]. The diagnosis is made if the patient 
has pyrexia, tachycardia, tachypnoea and altered 
sensorium within 48 h of admission. To confirm 
the diagnosis, an arterial blood gas test should 
be done and will reveal hypoxia. The patient 
should be managed in an intensive care unit with 
mechanical ventilation. The fractures should 
also be provisionally stabilized to minimize fur-
ther haemorrhage and the chance of the fatty 
bone marrow entering the circulation. Hence, 
a  spanning external fixator should be applied in 
the emergency surgery. Definitive fixation of the 
fractures should be delayed until the patient’s 
conditions improve, which usually take place 
after 1 week of supportive care.
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21.5.2  Floating Shoulder Injuries

Floating shoulder is an uncommon injury with 
both clavicle and scapular neck fractured, result-
ing in gross instability and severe displacement 
of the shoulder girdle. The term floating shoulder 
is initially describing the inherent bony instabil-
ity as described similarly in elbow and knee 
joints. Later Goss introduced the important con-
cept of superior shoulder suspensory complex 
[20, 21]. It is a ring of complex soft tissue struc-
tures existing between two struts. The middle 
third of the clavicle acts as the superior strut 
while the scapular body and spine serves as the 
inferior strut. The complex maintains a normal 

relationship between the upper extremity and 
axial skeleton. The scapula is suspended to the 
clavicle by ligaments and acromioclavicular 
joint. It can be further sub-classified into three 
components [21]:

 1. The clavicle-acromioclavicular joint-acromial 
strut

 2. The clavicle-coracoclavicular ligamentous- 
coracoid linkage

 3. The three-process-scapular body junction

A single disruption of the ring is a stable 
injury. A double disruption will result in unstable 
injury [21, 22] (Fig. 21.6).

c

d

Fig. 21.5 (continued)
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21.5.2.1  Clinical Presentation 
and Diagnosis

The clinical presentation of floating shoulder 
injuries varies with the associated injuries. When 
there are other serious injuries, the condition is 
often overlooked. During secondary survey, one 
can notice that the shoulder is usually grossly 
swollen and tender. A displaced clavicle frac-
ture or the prominent lateral clavicular end in an 
acromioclavicular joint dislocation may be vis-
ible. Movements in all directions will be severely 
limited. Ribs fractures are not uncommon. 
Shortly after the injury, a detailed neurovascular 
examination around the shoulder may be diffi-
cult. Nevertheless, the distal neurovascular sta-
tus should still be checked as the nearby brachial 
plexus and axillary vessels may be injured. This is 
one of the most important prognostic factors with 
regard to final clinical outcome [23]. Open inju-
ries occur commonly in the area of the clavicle.

Radiological examination includes the antero-
posterior view of the scapula and the transcapular 
lateral view is usually most informative. Important 
factors to assess include the amount of clavicular 
displacement, glenoid angulation and medializa-
tion, the extent of intra-articular involvement and 

the extent of communication [24]. If the patient 
is physiologically stable, further evaluation with 
CT scan and three- dimensional reconstructions 
can help to better delineate the fracture pattern.

21.5.2.2  Management
Floating shoulder injuries normally do not require 
emergency management, unless there is an asso-
ciated open clavicula fracture, thus requiring 
urgent debridement. Once diagnosed, the shoul-
der should be supported with a broad arm sling 
and additional evaluation along with a CT scan 
should be performed when the patient’s general 
condition is stable.

To date there is no consensus regarding the 
most adequate treatment of floating shoulder 
injuries because of the small patient number and 
heterogeneity of all the studies. Based on current 
literature review, the treatment options are now 
evenly divided into nonsurgical treatment, as 
well as open reduction and internal fixation [24]. 
The degree of displacement of both clavicle and 
scapular neck fractures plays an important role in 
deciding the stability of the fractures.

Non-surgical management is popular because 
of its non-invasiveness and low morbidity [25, 26].  

AC joint
1

2

scapular
body

coracoclav. lig.

3

glenoid

acromion

Fig. 21.6 The superior 
shoulder suspensory complex 
has three components: 
1 – the acromioclavicular 
joint-aromial strut, 2 – the 
clavicular- coracoclavicular 
ligamentous- coracoid 
linkage, 3 – the three- 
process-scapular body 
junction
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It includes a period of immobilization and pain 
management, followed by gradual mobilization 
exercise and strengthening exercise in 4–6 weeks 
time. Minimally displaced fractures with no sign 
of significant ligament disruptions can be suc-
cessfully treated by conservative means [24, 27]. 
It is also indicated when the multiply injured 
patient is in a haemodynamically unstable condi-
tion or in extremis.

In a multiply injured patient with a floating 
shoulder injury, surgical intervention should be 
considered because the unstable shoulder girdle 
is difficult in terms of nursing. This is true espe-
cially in the intensive care stage when they 
require breathing exercises and chest physiother-
apy. Hence, once the patient is stable haemody-
namically, one should consider at least fixing the 
clavicular fracture, which can indirectly reduce 
and stabilize the glenoid fracture. The patient is 
then allowed to perform early mobilization exer-
cises. This has the benefit of reducing pain and 
minimizes the chance of frozen shoulder. 
Hashiguchi and Ito reported successful treatment 
in patients with floating shoulder injuries by cla-
vicular fixation alone [28] (Fig. 21.7).

If significant displacement of glenoid remains 
after clavicle fixation, reduction and fixation of 
the glenoid may be indicated because of the theo-
retical restoration of the rotator cuff lever arm 

[24, 27]. However, surgical fixation of the scapu-
lar neck needs surgical expertise. It usually 
involves a posterior skin incision in a prone posi-
tion which is not good especially for a chest 
injured patient. This will also lead to an inevita-
ble increase in surgical trauma with more intra- 
operative blood loss and more post-operative 
pain. Hence the scapular fixation may be per-
formed later at a second stage procedure.

21.5.2.3  Complications
In the setting of untreated or neglected floating 
shoulder, the weight of the arm and the contrac-
tion of the biceps, triceps and coracobrachial 
muscles results in downward pull of the distal 
fragment, with resultant change of the shoulder 
contour, the ‘drooping shoulder’. This shortening 
will cause loss of mechanical advantage of the 
rotator cuff muscles [23, 29]. The increase in dis-
placement of the fracture will result in complica-
tions such as malunion, non-union, post-traumatic 
arthritis, subacromial impingement or chronic 
brachial plexopathy [30–33].

21.5.3  Floating Elbow

Ipsilateral diaphyseal fractures of the humerus 
and the forearm are termed as ‘floating elbow’ 

a b

Fig. 21.7 (a) A 38 year-old man fell from 20 feet during 
work and sustained head concussion, fractures of right 
fourth to sixth ribs and left second and sixth ribs, fracture 
left clavicle and left scapula fracture with comminution 
over the scapular body and an undisplaced glenoid neck 

fracture. CT thorax revealed bilateral small apical pneu-
mothorax. (b) In order to improve the ventilatory effort 
and to facilitate nursing processes in intensive care unit, 
plate fixation of left clavicle was performed
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injuries. These injuries are rare and they can hap-
pen in both adults and children. Usually, these 
injuries are the results of high-energy trauma, 
such as road traffic accidents, industrial accidents 
or falls from a height. As a result, open injuries 
are common. Nevertheless, with the advance of 
modern plating and nailing, debridement and 
antibiotics, there is a major improvement in the 
outcome of this severe injury compared with two 
decades ago [34–38].

There is no special classification for floating 
elbow injury. The fracture pattern of the humerus 
and forearm are classified individually using the 
traditional ways, e.g. AO/OTA classification. In 
addition, this injury is usually associated with 
conditions such as open fractures, nerve injuries, 
vascular injuries, compartment syndrome and 
multisystem injuries [34, 37, 39, 40]. In the liter-
ature, the incidence of open fracture is above 
50 % [37]. In many cases, the soft tissue injury is 
so severe that multiple staged operations are 
required for soft tissue coverage before the frac-
ture fixation. Uncommonly, the elbow joint itself 
can also be dislocated [41].

21.5.3.1  Management
Grossly contaminated wound should be thor-
oughly debrided. The use of external fixator in 
open humeral fractures is applied in case of grossly 
contaminated wounds, or when rapid skeletal sta-
bilization is required for urgent revascularization.

Following soft tissue coverage, the humeral 
fractures can be stabilized by plating or nailing. 
The use of different implants and techniques 
depends on the local soft tissue condition and 
individual surgeon experience. At present, there 
is no clear advantage of whether plate or nail 
fixation is better than the other in the setting of 
floating elbow [36]. The forearm fracture is 
treated like isolated one. Stable plate fixation is 
the standard with attention paid to the alignment, 
rotation and the interosseous distance.

21.5.3.2  Outcome
Although excellent and good functions can be 
achieved after surgical treatment in up to 67 % of 
patients, the presence of brachial plexus injury 
and peripheral nerve injury seems to have an 
adverse effect in functional outcome [37, 38]. 

The timing of surgery, the existence of open frac-
tures, multisystem injuries and presence of neu-
rovascular injuries are all not significantly related 
to poor functional outcome. These patients’ func-
tional outcome falls into a bimodal distribution. 
One group of patients recovers at around 1 year 
time and behaves similar to isolated fracture. 
However, another group of patients have signifi-
cant problem afterwards and remains disable for 
long period of time.

21.5.3.3  Complications
Despite all the improvement of management, 
floating elbow is a complex injury and prone to 
have complications. The incidence of non-union, 
malunion and infection, myositis ossificans are 
exceptionally high [34, 40, 41]. Another common 
problem is loss of elbow flexion and extension 
range of movement. Supination and pronation 
problem is less frequent but it is usually associ-
ated with high-energy trauma to the forearm [36].

21.6  Traumatic Knee Dislocation

Traumatic knee dislocation is an uncommon 
problem. It accounts <0.02 % of all orthopaedic 
problems [42, 43]. However, this may be an 
underestimation of the real situation because a 
high percentage of the knee is spontaneously 
reduced at the scene [44]. Besides fall from 
height and motor vehicle accidents, people 
involved in high-speed sport activities also have a 
chance of getting knee dislocation. They are 
present with multiple ligamentous disruption, but 
vascular and nerve injuries are common as well. 
The historical way of conservative treatment 
using simple immobilization with inconsistent 
outcomes [45, 46] has evolved to the present 
principles of early surgical intervention with liga-
mentous repair and reconstruction, to be followed 
by early mobilization [44].

21.6.1  Classification

Classification can be done according to the time 
of presentation after injury. An interval of 3 
weeks is used to differentiate acute and chronic 
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injury [47]. On the other hand, the anatomical 
classification proposed by Kennedy, is more 
commonly used [43]. The classification is based 
on the direction of tibia displacement in relation 
to the femur, i.e. anterior, posterior, medial or lat-
eral. The fifth type, rotatory dislocation is the 
combination of the multidirectional displace-
ment. Among these, anterior dislocation is the 
commonest type as a result of hyperextension 
injury. It comprises 40 % of all knee dislocations. 
The second commonest one is posterior disloca-
tion, which is usually due to ‘dash-board’ type 
injury in motor vehicle. It comprises another 1/3 
of cases [8]. Rotatory dislocation is the least 
common type, roughly about 5 %. It is further 
subdivided into anteromedial, posteromedial, 
anterolateral and posterolateral, in which pos-
terolateral is the commonest with a high inci-
dence of irreducibility [48]. However, the major 
drawback of this classification is the difficulty of 
application when the knee is spontaneously 
reduced. Another more recent classification, pro-
posed by Schenck [49], is based on the status of 
the ligamentous disruptions and any associated 
intra-articular fractures. This can provide more 
information on the nature and severity of the 
problem which guides to specific management.

21.6.2  Associated Injuries

Traumatic knee dislocation is often associated 
with other concomitant injuries. Vascular injury, 
mainly involving popliteal artery, may result in 
disastrous consequence. The reported incidence 
can be up to 65 % [50]. The variable incidence is 
due to different degrees of damage to vessels, 
ranging from minor intimal damage to complete 
transaction. Besides, there may be a lot of occult 
injury not being diagnosed. The degree of suspi-
cion and the use of arteriography greatly affect 
the pick-up rate of any vascular compromise.

Another commonly associated injury is the 
common peroneal nerve damage in about 20 % of 
cases [51]. The incidence is much higher in pos-
terolateral dislocation or involvement of the pos-
terolateral complex. The reported incidence can 
be up to 45 % [52]. Tibial nerve injury can also 
occur but it is much less common.

Fractures, especially avulsion fractures, are 
often encountered. The usual sites are origins of 
PCL or lateral tibial plateau in the form of Segond 
fracture. Fractures of the distal femur or proximal 
tibia are not uncommon as well.

21.6.3  Evaluation and Assessment

In emergency setting, the initial examination 
should be directed to neurovascular examination 
since the consequence of missing the vascular 
injury is disastrous. The dislocated knee usually 
presents with significant pain and swelling. A pit-
fall in diagnosis would be those spontaneously 
reduced knee dislocations which may look 
benign on presentation (Fig. 21.8).

Since most of the time, the joint capsules and 
ligaments are severely disrupted, a spontaneously 
reduced knee is presented with severe and exten-
sive bruising on medial and lateral side of the leg 
because of the uncontained haemarthrosis. In 
addition, the presence of multiple ligamentous 
laxity is another clue to spontaneously reduced 
dislocated knee.

The current trend of vascular assessment is now 
based on both clinical assessment and imaging, 
with clinical evaluation as the more important 
aspect. Selective arteriography in patients with 
abnormal physical abnormalities is practised now-
adays. The manual palpation of the pulses of dor-
salis pedis and posterior tibialis is sufficient to 
detect any clinically significant vascular injury. 
Although minor intimal injuries are not detected 
by clinical examination, these non-flow- limiting 
intimal injuries rarely progressed to occlusive 
lesion [53]. Nevertheless, repeated serial careful 
vascular examination within the first 48 h is impor-
tant. Whenever there is an abnormal clinical find-
ing, one should proceed to urgent arteriography 
without delay. Ankle- brachial index (ABI) is a 
useful and non-invasive adjunct to detect vascular 
compromise. It is the ratio of Doppler systolic 
pressure in injured limb (ankle) to the Doppler sys-
tolic pressure in uninjured limb (brachial). The 
presence of ABI <0.9 indicates immediate further 
investigation of the arterial status, usually an arte-
riography [54]. However, the result can be inaccu-
rate in patients with peripheral vascular disease.
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A complete neurological examination should 
be obtained. The degree of damage can be as 
minor as neuropraxia to complete neuronotmesis. 
Like vascular assessment, serial neurological reas-
sessment should also be done, as the development 
of deteriorate neurological deficit can be a sign of 
developing compartment syndrome or ischemia.

The evaluation of the knee stability should be 
done after the lower limb is cleared of any 
impending vascular damage. The examination is 
usually difficult because of intense pain, muscle 
spasm and gross swelling. It should be done as 
gently as possible to minimize the chance of iat-
rogenic damage. The ACL is best tested by 

a b

c d

Fig. 21.8 (a, b) A 45-year-old man crushed by machin-
ery in construction site. He had a closed left knee injury. 
AP and lateral X-rays of the knee showed no gross abnor-
mality. Distal neurovascular status was intact. Knee was 
swollen and painful. Clinical examination showed multi-

directional instability. (c) Lateral side of the knee showed 
torn medial collateral ligament and rupture Popliteus ten-
don insertion. (d) Medial side of the knee showed com-
plete rupture of the medial collateral ligament complex. 
Medial meniscus was tagged with suture
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Lachman test and the PCL by posterior drawer 
test. The presence of valgus and varus instability 
signifies medial and lateral collateral ligaments 
disruptions [44].

The radiological assessment must include 
plain radiographs during injury and after the 
reduction. Besides confirmation of the reduc-
tion of joint, they also give details on any asso-
ciated fractures and avulsions. Nevertheless, 
these investigations should not delay the vascu-
lar assessment and intervention. Angiography 
should be done when there is suspicion of vas-
cular compromise. Magnetic resonance imag-
ing is useful in evaluation of the type and extent 
of ligamentous injuries as well as cartilage and 
meniscal damage.

21.6.4  Management

21.6.4.1 Acute
The joint should be reduced gently by gentle trac-
tion and manipulation under conscious sedation. 
The direction of reduction should be guided by 
the direction of dislocation. The reduced knee 
joint is then temporarily held with a long leg 
splint.

Once the reduction is done, the vascular sta-
tus should be reassessed clinically immediately. 
If pulses are absent or ABI is <0.9, urgent angi-
ography should be obtained and vascular surgeon 
opinion is sought. When the site of vascular injury 
is confirmed, urgent revascularization, using 
bypass grafting of the popliteal artery or repair 
using a reverse saphenous vein graft, is required 
[51]. Fasciotomy is usually performed after revas-
cularization. The knee is preferably immobilized 
by a knee-spanning external fixator to protect the 
vascular repair and the knee from re-dislocation. 
The use of the joint spanning external fixator is 
also indicated in open injury and joint that failed 
to maintain reduction in a splint.

In case of knee dislocation necessitates vascu-
lar repair, concomitant repair of the torn medial 
or lateral collateral ligaments can be attempted 
but the use of sutures and magnitude of the pro-
cedure should be kept to minimal. On the other 
hand, a late repair of these ligaments in a few 

days time is also a good option [44]. The delay in 
repair can help the surgeon to monitor the vascu-
lar status of the limb in the next 48 h after the 
repair. It also allows further imaging study for 
better preoperative planning and delineation of 
the extent of ligamentous injuries. In open inju-
ries, all ligamentous procedure should be delayed 
until the wound is well covered and clean.

21.6.4.2 Definitive
The definitive management of multi-ligamentous 
knee injuries is controversial. However, there are 
more and more well-designed studies, which pro-
vide guidelines for the management of this diffi-
cult problem [44, 55–57].

Surgical treatment is the treatment of choice. 
Absolute indications for surgical treatment 
include irreducible knees, dysvascular limbs and 
open injuries. Studies have shown that the surgi-
cally treated dislocated knees usually have better 
range of movement, higher level of activities and 
better knee scores [46, 55–58].

Another important issue is the timing of liga-
mentous repair and reconstruction. Meanwhile, 
there is no consensus on the right timing of sur-
gery. Although many studies showed that the 
range of movement, knee stability, knee scores 
(Lysholm score and International Knee 
Documentation Committee (IKDC) score) and 
level of activities are better in patients managed 
within 3 weeks of injury [55–57], there is evi-
dence showing no significant difference between 
the early and late management groups [59]. The 
delay of surgery in 3–6 weeks time may allow the 
healing of the capsule to facilitate the use of 
arthroscopic repair. In fact, the timing of the defi-
nite ligamentous repair is affected by many other 
factors, especially the vascular status, swelling of 
the knee, soft tissue coverage and the presence of 
concomitant fractures.

21.6.5  Rehabilitation

The goal of rehabilitation is to restore the knee 
range of movement followed by progressive 
strengthening exercise. The reconstructed knee 
should be protected by a hinged knee brace or a 
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mobile hinged external fixator. The knee was 
immobilized for first 3 weeks followed by pas-
sive mobilization exercise in brace in the next 3 
weeks. Starting from 7th week, the patient is 
allowed to start gradual weight-bearing training 
till full-weight-bearing walking. Range of 
movement and strengthening exercises should 
continue up to 3 months and then followed by 
further training to allow patients to reintegrate 
into his/her previous activities of daily living 
[44, 51].

21.6.6  Outcome and Complications

Acute traumatic knee dislocation is a severe 
injury with multiple ligamentous disruption and a 
high incidence of neurovascular damage. The 
most disastrous local consequence is probably 
amputation. The chance of it in failed revascular-
ization within first 8 h can be up to 86 % [8]. 
Return to normal function is rare. Using the IKDC 
score, about 39 % of patients are nearly normal, 
40 % are abnormal and the remaining 21 % are 
severely abnormal [55, 56, 60]. The most com-
mon complications are joint stiffness and failure 
of some of the component of ligamentous recon-
struction. Post-traumatic osteoarthritis can be up 
to 50 % [61]. Common peroneal nerve injuries are 
common. Many of them are neuropraxia and they 
are managed by observation. Unfortunately, spon-
taneous full recovery is only about 20 % [55].

 Conclusions

The timing of surgical treatment of articular 
fractures in polytrauma patients must be based 
on priorities and be integrated into the optimal 
management of the overall patient. Open frac-
tures and associated neurovascular injuries are 
common and often require urgent treatment in 
the emergency setting. On the other hand, the 
complex fractures will require careful preop-
erative planning and preparation. Although 
primary definitive fracture fixation can be per-
formed in selected patients, a spanning trans-
articular external fixation should be used most 
of the time as an initial immobilization method 

while the patient’s physiological status is 
being stabilized or the soft tissue injury is 
improving. Large metaphyseal defects can be 
managed by staged bone grafting with the use 
of antibiotics cement spacers. In general, the 
overall injury severity and the extent of soft 
tissue injury will dictate the timing of defini-
tive fracture fixation.
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22.1  Introduction

More than three out of five accidental injuries in 
the USA are to the musculoskeletal system. Costs 
associated with the care of these injuries have 
been estimated to be $849 billion or 7.7 % of the 
US gross domestic product (GDP) in the year 
2004. Musculoskeletal disease and injury con-
tinue to account for the majority of both lost 
wages and hospital bed days in the USA [1]. We 
must improve the care of these injuries so that we 
may help patients rehabilitate from injury and 
prevent future morbidity.
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A small but resource-heavy subset is the high- 
energy trauma patient with a mangled extremity 
[2]. The evaluation and subsequent management 
of this patient group can be a great source of 
stress for both the patient and the treating surgi-
cal team. The decision-making processes are dif-
ficult and can be controversial, and the clinical 
evidence for these decisions has been largely 
based upon small case series and historical Level 
V evidence [3]. These data have influenced the 
treatment of limb-threatening trauma and have 
potentially led to large numbers of limb amputa-
tions with severe lower-extremity trauma where 
limb salvage may have been technically possible 
but not recommended [4, 5]. As medical and sur-
gical technology, skills, procedures, and concepts 
have evolved, so has our ability to salvage limbs 
previously thought to be unsalvageable. Particular 
areas of advancement include soft-tissue han-
dling, less invasive fracture management, micro-
vascular repair, and soft-tissue coverage [6–13]. 
Limb-salvage protocols have been evaluated, and 
many of them have influenced our current treat-
ment strategies [14, 15]. These studies and others 
reviewing complicated limb trauma have sug-
gested that early amputation may be preferable 
due to the mental and physical toll limb salvage 
can levy on patients [16–18]. Most studies have 
included small numbers of patients, and their 
results have correspondingly not yielded defini-
tive results [6, 7, 18, 19].

In an effort to provide evidence for clinicians 
to rely upon when making amputation versus sal-
vage decisions, a large multicenter, prospective, 
observational study was undertaken entitled the 
Lower Extremity Assessment Project (LEAP) 
[20–22]. Utilizing data from this project and 
more recent data from military services involved 
with combat-related injuries, several areas of the 
amputation – limb-salvage debate – have been 
explored. Evidence from this trial and others is 
presented in the following chapter to assist treat-
ment teams in these difficult and complex situa-
tions. The goals of this chapter are to present the 
data from this study and provide a framework for 
surgical treatment teams to employ when evalu-
ating the high-energy trauma patient with a man-
gled extremity.

22.2  Traumatic Primary 
Amputations: 
Considerations 
and Completions

The patient presenting with a complete or near- 
complete traumatic amputation as the result of 
high-energy trauma requires an evaluation con-
sistent with the latest recommendations of the 
American College of Surgeons and the principles 
of Advanced Trauma Life Support [23–25]. Once 
the patient’s life-threatening issues have been sta-
bilized, attention can then be focused on the 
injured extremity. It is perhaps best to have the 
orthopedic surgeon present prior to any surgical 
intervention. It is typically this surgeon who will 
follow the patient through subsequent recovery 
and functional gain with the affected extremity. 
In addition, any further surgical interventions are 
likely to be performed by an orthopedic surgeon.

Standard open wound protocols should be fol-
lowed in accordance with open fracture princi-
ples surrounding the acute zone of injury (see 
Chap. 20). Once the patient is physiologically 
stable, the zone of injury on the affected limb is 
defined in the surgical suite, and the limb is 
deemed appropriate for definitive amputation, 
and appropriate surgical steps are taken accord-
ing to the desired amputation level and planned 
technique (i.e., bone cut lengths, muscle flap cov-
erage, myodesis planning).

In the orthopedic trauma setting, there are 
three primary lower-extremity amputations we 
consider appropriate: below-the-knee, above-the- 
knee, and, in some select cases, through-the- 
knee. In the high-energy trauma patient, more 
often than not, the heel pad has been traumatized 
over the hind foot making the Syme amputation 
less optimal and rarely used option (Fig. 22.1). 
The hip disarticulation is also rarely used except 
for the most severe proximal injuries. This usu-
ally includes those with massive soft-tissue injury 
and/or an obvious vascular and complete sciatic 
nerve transection. The indications and techniques 
for the above three primary amputations have 
been well described [26] and are not the focus of 
this chapter. However, when contemplating an 
amputation through-the-knee, the surgeon must 
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critically evaluate the soft-tissue envelope around 
this tenuous area. If there is any evidence that the 
zone of injury includes this area, most especially 
the proximal gastroc-soleus musculature, then 
there should be strong consideration to proceed 
with an amputation level above-the-knee. Data 
from the LEAP study [20, 22, 27] has suggested 
that through-the-knee amputations do not per-
form as well as above-the-knee amputations in 
the mangled extremity patient. This finding was 
most likely attributed to the condition of the soft- 
tissue envelope in their patient cohort and to dif-
ficulties with prosthetic fitting. In the absence of 
compromised soft-tissues in this area and in the 
properly selected patient with experienced pros-
thetics support, a through-the-knee amputation 
has been shown to provide good muscular bal-
ance and has a low risk for the late development 
of joint contractures [28].

Severe upper extremity injuries, which present 
as complete or near-complete amputations, war-
rant special consideration and evaluation by a 
surgeon who is familiar with reconstruction pro-
cedures in this area. The decision-making pro-
cess in the mangled upper extremity can be 
challenging, especially when limb salvage 
becomes an option [29]. Primary amputation may 
not be in the best interest of some patients as it 
has been suggested that a sensate hand with mini-
mal prehensile function can outperform a pros-
thesis [30]. Standard principles of wound care 

should be employed until appropriate consulta-
tion can be obtained. When definitive surgical 
intervention is required, preservation of length is 
critical and can decrease the energy needed for 
the patient to suspend their prosthesis (Fig. 22.2). 
Furthermore, the increased surface area of the 
limb can help with load distribution, prosthesis 
propulsion in space, and counterpressure with 
task performance [26].

Absolute indications for primary limb ampu-
tation have been suggested in the literature with 
varying algorithms. Generally, these indications 
have included a patient presenting with a total or 
near-total leg amputation or complete tibial or 

Fig. 22.1 This 28-year-old male was involved in a high- 
speed motorcycle crash and sustained significant forefoot 
and midfoot trauma. The heel pad was severely damaged 
in this case which happens commonly in these injury pat-
terns. This makes subsequent reconstrutive efforts diffi-
cult with amputation levels below the midsection of the 
tibia (i.e., Syme amputations)

Fig. 22.2 This 16-year-old female was involved in a 
high-speed motor vehicle crash in which the vehicle rolled 
multiple times. She sustained a traumatic amputation of 
the forearm including the entire radius and ulna. The 
proximal soft-tissue involvement was extensive, and she 
underwent a proximal amputation leaving 14 cm of resid-
ual humerus. She was ultimately fit with a myoelectric 
hand

22 Outcome and Management of Primary Amputations and Limb-threatening Trauma



310

sciatic nerve transection in an adult [14, 31, 32]. 
Relative indications have included two or more 
of the following: concurrent severe ipsilateral 
foot injury, large intercalary soft-tissue or bone 
loss, warm ischemia time of greater than 6 h, and 
severe concurrent multiple injuries (Table 22.1) 
[8, 15, 31, 33–35]. Uniformly, however, these 
studies indicate that the clinician’s judgment at 
the time of initial evaluation is critical; amputa-
tion decision-making should employ a multitude 
of factors. We also advise seeking multispecialty 
input with this difficult decision (i.e., orthope-
dics, plastic surgery, general surgery). In one 
study, a combined approach led to 89 % of 
patients achieving a successful viable limb, and 
only 11 % went on to secondary amputation [31].

22.2.1  Outcome of Traumatic 
Primary Amputations

There is little in the literature reporting the 
long- term outcome of traumatic amputations. 
Recently, Dougherty published a study evalu-
ating the outcomes of 123 transtibial amputees 
from the Vietnam War – 65 % of which were 
victims of land mines and booby traps. He found 
that with isolated amputations, these patients led 
relatively normal lives. However, when concomi-
tant injuries were sustained by these patients, 
their SF-36 scores lowered, and their incidence 
of psychological illness increased [36]. Smith 
et al. [37] published a descriptive study describ-
ing  outcomes of 20 patients with unilateral trans-
tibial  amputations. They found that SF-36 scores 
were lower than normal age-matched scores 
in the categories of physical function and role 

limitations because of physical health problems 
and pain. Aside from those two sections, scores 
from the normal population were not signifi-
cantly different. Lerner et al. [38, 39] evaluated 
three groups of patients: posttraumatic fracture 
nonunion, chronic refractory osteomyelitis, and 
lower- extremity amputation. In their group of 
109 patients, they found that the chronic osteo-
myelitis patients were the most adversely affected 
among the three groups. Interestingly, 85 % of the 
amputee patients believed they had been “men-
tally scarred” by their orthopedic problem, but 
despite that complaint, they had minimal restric-
tion in lifestyle and activity – a direct contrast to 
the poorer functioning osteomyelitis group.

In 2004, a study was published which reviewed 
161 trauma-related amputation patients that were 
participants in the LEAP study [27]. This study 
found no differences in outcomes between the 
above-the-knee amputees and the below-the- 
knee amputees. The exception to this finding 
was with walking speeds in which the below-
the-knee group performed better. A key finding 
in this study was the significantly poorer out-
comes of patients that had undergone a through-
the-knee amputation. The poorer outcome was 
associated with worse walking speeds and also 
less physician- measured satisfaction in terms of 
clinical, functional, and cosmetic recoveries of 
their patients. As we noted earlier, we believe 
the surgeon must critically evaluate the zone of 
injury prior to proceeding with a through-the-
knee amputation. Furthermore, when faced with 
the decision to proceed with an above-the-knee 
amputation, surgeons should take whatever steps 
are necessary to preserve femoral length [40]. It 
was recently shown that retained length of the 
femur significantly improves temporospatial and 
kinematic gait outcomes. Careful attention to 
the adductors, either with preservation or recon-
struction, can benefit this group of patients and 
improve their mobility.

The outcome of isolated traumatic lower- 
extremity amputations is mixed but can generally 
be associated with residual disability and lower 
outcome scores than the general population. 
While Dougherty’s [41] study of transtibial 
amputations demonstrated relatively normal 

Table 22.1 Primary amputation guidelines

Absolute 
indications

1.  Presentation with complete or 
near-complete limb amputation

2.  Complete sciatic or tibial nerve 
transection in an adult

Relative 
indications

1. Concurrent ipsilateral severe foot injury
2.  Large intercalary soft-tissue or bone 

loss
3. Warm ischemia time of >6 h
4. Severe concurrent multiple injuries
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scores with a select population with an isolated 
lower-extremity injury, other studies indicate 
substantially poorer outcomes. In another study 
by Dougherty examining more proximal trans-
femoral amputations, substantial disability was 
found in patient follow-up [36]. Smith et al. [37] 
and the LEAP study [27] also identified signifi-
cant disability with traumatic amputations in fol-
low- up. These studies indicate that when 
lower-extremity injuries are among a constella-
tion of traumatic injuries, which they often are, 
outcomes demonstrate increased disability. An 
extensive rehabilitation program offered at the 
treating US Army hospital may have influenced 
the better outcomes identified in Dougherty’s 
transtibial amputation study. This finding and 
those of the LEAP study underscore the need to 
have high-energy traumatic amputation patients 
closely followed and managed by a multidisci-
plinary team including surgeons, rehabilitation 
physicians, nurses, prosthetists, and therapists. It 
is also the surgeon’s responsibility to inform 
patients of expected outcomes and ensure that 
unrealistic expectations are not confusing patients 
during their recovery. These discussions can allay 
patient fears and allow the patient, their families, 
and support networks to adjust to the trauma and 
plan ahead for expected changes.

22.3  The Subtotal Amputation 
Injury: Limb Salvage or 
Amputation

The high-energy trauma patient with a subtotal 
amputation to an extremity presents immediate 
challenges to the trauma team. The Lower 
Extremity Assessment Project (LEAP) was a 
prospective cohort study of 601 patients who had 
been admitted to eight Level I trauma centers for 
the treatment of severe lower-extremity injuries 
below the distal part of the femur [21]. This study 
sought to provide evidence for clinicians to use 
when faced with this dilemma and has recently 
published 7-year follow-up data [20]. The singu-
lar study has produced multiple projects investi-
gating various facets of the lower-extremity 
injured patient, and many are discussed in the 

ensuing sections. Inclusion criteria for the LEAP 
study are listed in Table 22.2 and highlight the 
severity of trauma evaluated in this study as well 
as the breadth of injuries included. Please refer to 
Case 1 in Figs. 22.3a, 22.4, and 22.5c and Case 
2 in Figs. 22.6a and 22.7c for limb-salvage and 
amputation examples.

22.3.1  Factors Influencing Initial 
Salvage Decisions

Initial decisions for the acute trauma patient with 
a severely injured lower extremity include 

Table 22.2 Inclusion criteria of the LEAP study [22]

1. Traumatic amputations below the distal femur
2. Gustilo Type IIIA fracture with

  (a) Length of hospital stay >4 days
  (b) Two or more surgical limb procedures
  (c)  Two or more of the following: (a) severe muscle 

damage (>50 % loss of one or more major muscle 
groups or associated compartment syndrome with 
myonecrosis); (b) associated nerve injury 
(posterior tibial or peroneal deficit); (c) major 
bone loss or bone injury (associated fibula 
fracture; >50 % displacement, comminution, and 
segmental-type fracture; and >75 % probability 
of requiring bone graft/transport)

3. Gustilo Type IIIB tibia fracture
4. Gustilo Type IIIC tibia fracture
5.  Dysvascular injuries below the distal femur 

excluding the foot include knee dislocations, closed 
tibia fractures, and penetrating wounds with vascular 
injury documented from arteriogram, surgery, or 
ultrasound

6.  Major soft-tissue injuries below the distal femur 
excluding the foot include:

  (a) AOa type IC3–IC5 degloving injuries
  (b)  Severe soft-tissue crush/avulsion injuries with 

muscle disruption or compartment syndrome
  (c)  Compartment syndrome resulting in myonecrosis 

and requiring partial or full muscle unit resection
7. Severe foot injuries including:
  (a) Type IIIB open ankle fractures
  (b)  Severe open hindfoot or midfoot injury (i.e., 

either insensate plantar surfaces, 
devascularization, major degloving injury, or 
open soft-tissue injury requiring coverage)

  (c) Open Type III pilon fractures

Lower Extremity Assessment Project
aArbeitsgemeinschaft für Osteosynthesefragen
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 immediate amputation (i.e., within the first 24 h) 
or delayed (i.e., secondary procedure with the 
first hospitalization) [8, 14, 15, 17, 42, 43]. There 
are a multitude of factors influencing this deci-
sion: those related directly to the leg injury itself, 
the extent and severity of associated injuries, the 
physiologic reserve of the patient, and their social 
support network. The training and experience of 
the attending surgeon may also play a role in the 
decision-making process [44].

Mackenzie et al. published the results of a sur-
vey pertaining to surgeons and their decision to 
amputate or reconstruct traumatized lower 
extremities. This study highlighted various fac-
tors that different specialties (general surgeons 
and orthopedic surgeons) deemed most important 
to consider in the critical decision of amputation 
versus salvage (Table 22.3). Interesting perspec-
tives representative of specialty-specific training 
and goals were identified. Namely, the general 
surgeons tended to emphasize the overall physi-
ologic condition and reserve of the patient as a 
whole (the injury-severity scale, limb ischemia), 
whereas the orthopedic surgeon emphasized 
functional outcome prognosis (nerve integrity, 

soft-tissue coverage, limb ischemia). The study 
conclusions suggest that the main factor influenc-
ing surgeons on the question of salvageable limbs 
is apparent soft-tissue damage: muscle injury, 
absence of sensation, arterial injury, and vein 
injury. Patient factors were found to play much 
less of a role, although alcohol consumption and 
socioeconomic status were noted to be of some 
influence [44].

22.3.2  Lower-Extremity Injury- 
Severity Scales and Scores: 
Tools for Assisting Surgeons 
with Salvage or Amputation 
Decisions

Lower-extremity injury-severity scores were 
developed by clinicians to assist surgical teams in 
making the often difficult initial decision of 
whether to attempt limb salvage or amputate a 
severely traumatized extremity. Surgeons have 
hypothesized that patients who undergo initial 
salvage attempts but subsequently require later 
amputation have worse outcomes than those who 

a b

c d

Fig. 22.3 This 20-year-old female sustained severe right 
lower leg trauma after being run over by a personal water-
craft. (a–d) Initial surgical evaluation and debridement 
with subsequent external fixation. (c) Extensive soft- 
tissue loss and intact neurovascular bundle posterior to the 

tibia fracture. At this time, we confirmed our decision to 
salvage the limb. This wound had a vacuum-assisted clo-
sure device until the plastic surgery team could evaluate 
and ultimately place a tissue flap over the wound (Case 
and photographs courtesy of David P. Barei, MD)
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have early amputation. This makes intuitive sense 
and was shown to be correct in the LEAP study 
[16] and highlights the importance of early and 

accurate selection on which patients should pro-
ceed with a limb amputation during their first 
hospitalization.

a

b

c

d

e

f

Fig. 22.4 (a, b) Anterior-posterior and lateral radio-
graphic views of the injured lower extremity. Note sig-
nificant soft-tissue shadow highlighting the extensive 
damage. This patient was fortunate and did not sustain 
substantial bone loss. (c, d) Provisional external fixation 

was employed to restore length, alignment, and rotation 
to the injured limb. (e, f) One year post-injury radio-
graphs demonstrating complete union of both the tibia 
and fibula (Case and photographs courtesy of David 
P. Barei, MD)
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a b

c

Fig. 22.5 (a–c) Clinical follow-up demonstrating good 
result of limb salvage with this patient. She was able to 
gain excellent range of motion and had an outstanding 

support network aiding her in the recovery process (Case 
and photographs courtesy of David P. Barei, MD)

a b

c d

Fig. 22.6 This 40-year-old female was involved in a 
severe motorcycle crash. In Figures (a–c) profound soft- 
tissue and osseous damage was sustained. Emergency 
department evaluation demonstrated the foot be avascular. 
The patient underwent emergent operative intervention 

and underwent an acute above-the-knee amputation (d). 
She returned to the operating suite several times over the 
ensuing days for further debridement and, ultimately, a 
disarticulation of the hip joint. Radiographs for this 
patient are shown in Fig. 22.7
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Several studies [31, 33, 45–47] have examined 
the application of high-energy lower-extremity 
trauma scoring systems to patients with severe 
lower-extremity trauma. The LEAP study [21] 
contained the largest patient cohort of 565 pro-
spectively evaluated high-energy lower- extremity 
injured patients. Each patient in this study had 
five well-known injury-severity scoring systems 
applied to their case in an effort to determine the 
clinical utility of each system [45]. The five sys-
tems evaluated were the Mangled Extremity 
Severity Score (MESS) [29, 48], the Limb 
Salvage Index (LSI) [32], the Predictive Salvage 
Index (PSI) [34], the Nerve Injury, Ischemia, 
Soft-Tissue Injury, Skeletal, Shock, and Age of 
Patient Score (NISSSA) [49], and the Hannover 
Fracture Scale (HFS) [50]. Table 22.4 represents 
the components of each injury-severity scale with 
the addition of a newer scale that was developed 
in India to predict hospital days required, flap 
requirements, rate of infection, and the number 
of secondary procedures required. This scale also 
incorporates patient comorbidities but empha-
sized primarily the evaluation of type IIIB open 
tibia fractures [51]. It was not assessed in the 
LEAP trial but is included for the sake of com-

pleteness. See Tables 22.5, 22.6, 22.7, 22.8, and 
22.9 for details on each extremity trauma scale.

When reviewing the initial studies for each 
of these instruments, reports indicated both 
high sensitivity and specificity for their respec-
tive scores [29, 32, 34, 48, 49]. However, when 

a b c

Fig. 22.7 (a–c) Radiographs of the patient pictured in Fig. 22.6a

Table 22.3 Percent distribution of most important factor 
typically considered in the decision to amputate vs. recon-
struct by specialty

Factor
Total 
(%)

General 
surgeons 
(%)

Orthopedic 
surgeons 
(%)

Nerve integrity/
plantar sensation

32 21 38

Limb ischemia 20 27 15
Soft-tissue coverage 14 9 17
Muscle damage 7 6 8
Neurovascular 
damage

3 0 6

Fracture pattern/bone 
loss

4 0 6

High Injury Severity 
Scale (ISS)

12 31 0

Patient characteristics 2 0 4
Others 6 6 6

Adapted from MacKenzie et al. [44]
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these scoring instruments have been evaluated 
 subsequently by other clinicians, the initial results 
have been unable to reproduce (Table 22.10) 
with widely varying sensitivity and specificity 

values. The differences among these instruments 
(typically a higher specificity) demonstrate that 
they may be more helpful to treatment teams in 
determining which injuries may support entry of 
the injured extremity into a limb-salvage path-
way [45] and not to which extremities should 
undergo immediate amputation. The sensitivities 
were generally low in the LEAP study demon-
strating that their accuracy at predicting which 
extremities may eventually require amputation is 
poor and certainly should not be relied upon to 
make acute treatment decisions. Furthermore, in 
the face of low test sensitivity, placing too much 
emphasis upon these scores may delay an inevi-
table amputation risking complications in patient 
care potentially resulting in sepsis and even 
death [42].

Bosse et al. and Bonanni et al. [33, 45] were 
unable to recommend any scale for independent 
use in determining the fate of an injured limb. 
With the initial presentation of a trauma patient, 
they concluded that lower-extremity injury- 
severity scales have limited usefulness and that 
scores at or above respective amputation thresh-
olds should be used cautiously in  decision- making 
with  high-energy trauma patients. Their utility is 

Table 22.4 Components of lower-extremity injury-severity scoring systems

Severity scale factors

Lower-extremity injury-severity scales

MESSa LSIb PSIc NISSSAd HFSe GHOISSf

Age X X X
Shock X X X X
Warm ischemia time X X X X X X
Bone injury X X X
Muscle injury X X X
Skin injury X X X
Nerve injury X X X X
Deep-vein injury X
Skeletal/soft-tissue injury X X
Contamination X X X
Time to treatment X
Comorbidities X
Score predicting 
amputation

≥7 ≥6 ≥8 ≥11 ≥9 ≥17 (14–17 
gray zone)

Adapted from Bosse et al. [45] and Rajasekaran et al. [51]
aMangled Extremity Severity Score (MESS) [29, 48]
bLimb Salvage Index (LSI) [32]
cPredictive Salvage Index (PSI) [34]
dNerve Injury, Ischemia, Soft-Tissue Injury, Skeletal, Shock, and Age of Patient Score (NISSSA) [49]
eHannover Fracture Scale (HFS) [50, 87]
fGanga Hospital Open Injury Severity Score (GHOISS) [51]

Table 22.5 The Mangled Extremity Severity Scale 
(MESS) [29]

A. Skeletal/soft-tissue injury

Low energy (stab; simple fracture; civilian GSW) 1
Medium energy (open or multiple Fxs, dislocation) 2
High energy (close-range shotgun or “military” 
GSW, crush injury)

3

Very high contamination, soft-tissue avulsion 4
B. Limb ischemia

Pulse reduced or absent but perfusion normal 1a

Pulseless, paresthesias, diminished capillary refill 2a

Cool, paralyzed, insensate limb 3a

C. Shock

Systolic BP always >90 mmHg 0
Hypotensive transiently 1
Persistent hypotension 2
D. Age (years)

<30 0
30–50 1
>50 2

aScore doubled for ischemia >6 h
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in providing a list of the factors to consider when 
making the clinical decision.

22.3.3  Lower-Extremity Injury- 
Severity Scales and Scores: 
Predicting Functional 
Outcomes of Salvaged Limbs 
After Limb-Threatening 
Trauma

It has been hypothesized that lower-extremity 
injury-severity scores may have utility in the 
accurate prediction of functional outcome in the 
limbs that underwent salvage after severe trauma. 
This important and useful question has been 

studied recently in a number of studies [33, 46, 
52, 53]. Ly et al. [53] evaluated the clinical and 
functional outcomes of the patient cohort in the 
LEAP study as determined by the Sickness 
Impact Profile [54, 55] and the patients’ scores 
on the MESS, PSI, and LSI lower-extremity 
injury-severity scores. They found no correlation 
among these instruments with patient clinical or 
functional outcomes. A unique point that this 
study investigated was the specific evaluation of 
functional scores on patients in whom the injury- 
severity threshold scores had recommended an 
amputation, but the patients had undergone 
 limb- salvage instead. Very interestingly, these 
“amputation- recommended” patients had out-
come scores that were no worse than those 

Table 22.6 The Limb Salvage Index [32]

Artery 0 Contusion, intimal tear, partial laceration or avulsion (pseudoaneurysm) with no distal thrombosis 
and palpable pedal pulses; complete occlusion of one of three shank vessels or profunda

1 Occlusion of two or more shank vessels, complete laceration, avulsion or thrombosis of femoral or 
popliteal vessels without palpable pedal pulses

2 Complete occlusion of femoral or popliteal or three of three shank vessels with no distal runoff 
available

Nerve 0 Contusion or stretch injury, minimal clean laceration of femoral, peroneal, or tibial nerve
1 Parietal transection or avulsion of sciatic nerve; complete transection or partial transection of 

femoral, peroneal, or tibial nerve
2 Complete transection or avulsion of sciatic nerve; complete transection or avulsion of both 

peroneal and tibial nerves
Bone 0 Closed fracture of one or two sites; open fracture without comminution or with minimal 

displacement; closed dislocation without fracture; open joint without foreign body; fibula fracture
1 Closed fracture at three or more sites on the same extremity; open fracture with comminution or 

moderate to large displacement; segmental fracture; fracture dislocation; open joint with foreign 
body; bone loss <3 cm

2 Bone loss >3 cm; Type IIIB or IIIC fracture (open fracture with periosteal stripping, gross 
contamination, extensive soft-tissue injury loss)

Skin 0 Clean laceration, single or multiple, or small avulsion injuries, all with primary repair; first-degree 
burns

1 Delayed closure due to contamination; large avulsion requiring STSG or flap closure. Second- or 
third-degree burns

Muscle 0 Laceration or avulsion involving a single compartment or single tendon
1 Laceration or avulsion involving two or more compartments; complete laceration or avulsion of 

two or more tendons
2 Crush injury

Deep 
vein

0 Contusion, partial transection, or avulsion; complete laceration or avulsion if alternate route of 
venous return is intact; superficial vein injury

1 Complete laceration, avulsion, or thrombosis with no alternate route of venous return
Warm 
ischemia 
time

0 <6 h
1 6–9 h
2 9–12 h
3 12–15 h
4 >15 h
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patients who had salvaged limbs and had injury- 
severity scores indicating that amputation was 
not recommended. Durham et al. [46] studied 30 
limbs that had undergone limb salvage and had 
similar findings as Ly et al. Based upon phone 
interviews and clinic visits where return to work, 

impairment, and disability were assessed, they 
also concluded that none of the extremity injury 
scales could predict functional outcome.

22.3.4  Lower-Extremity Injury- 
Severity Scales and Scores: 
Summary

Whenever evaluating patients and deciding upon 
optimal care for their injured limb, due caution 
should be exercised when interpreting the lower- 
extremity injury-severity scales. This holds true 
with both initial management and extrapolating 
ultimate functional outcomes with patients. It is 
the author’s opinion that these lower-extremity 
scoring systems should still play a role in the 
management decisions for some patients but 
should simply be used as one data point among 
many in the complex processes surrounding the 
care of the high-energy trauma patient.

22.3.5  Outcomes in Patients 
Undergoing Limb Salvage or 
Amputation for Limb- 
Threatening Injuries

In 2002, Bosse et al. [21] and LEAP study group 
published their initial report on a prospective 
cohort of 569 patients that had sustained high- 
energy lower-extremity trauma from March 1994 
to June 1997. The patients in this study had either 
undergone limb salvage or amputation and were 
followed prospectively for 24 months and then 
reported on again at 7-year follow-up [20].

The initial report demonstrated that patients 
had similar functional outcomes regardless of 
whether they underwent limb reconstruction/sal-
vage or amputation. The results also indicated that 
although the outcomes were similar, both groups 
had substantial levels of disability, and only half 
had returned to work at 2 years post- injury. 
Indeed, patients in both groups were able to show 
significant improvement over the study period, 
but an important overreaching finding of the study 
was the profound disability and persistently low 
psychosocial-functioning subscale [54, 56].

Table 22.7 The Predictive Salvage Index [34]

Level of arterial injury

Suprapopliteal 1
Popliteal 2
Infrapopliteal 3
Degree of bone injury

Mild 1
Moderate 2
Severe 3
Degree of muscle injury

Mild 1
Moderate 2
Severe 3
Interval from injury to operating room (hr)

<6 0
6–12 2
>12 4

Table 22.8 The Hannover Fracture Scale [87, 88]

Bone loss Deperiostation

No 0 No 0
<2 cm 1 Yes 1
>2 cm 2 Local circulation

Skin injury Normal pulse 0
No 0 Capillary pulse only 1
<¼ circumference 1 Ischemia <4 h 2
¼–½ circumference 2 Ischemia 4–8 h 3
½–¾ circumference 3 Ischemia >8 h 4
>¾ circumference 4 Systemic circulation  

(syst. BP mm Hg)

Muscle injury Constantly >100 0
No 0 Until admission <100 1
<¼ circumference 1 Until operation <100 2
¼–½ circumference 2 Constantly <100 3
½–¾ circumference 3 Neurology

>¾ circumference 4 Palmarly-plantarly: 
yes

0

Wound contamination Sensibility: no 1
No 0 Finger – toe yes 0
Partly 1 Active motion: no 1
Massive 2
Score range 0–22 Cutoff point (COP) ≥11
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Table 22.9 The Nerve Injury, Ischemia, Soft-Tissue Injury, Skeletal, Shock, and Age of Patient Score [49]

Type of injury Degree of injury Points Description

Nerve injury (N) Sensate 0 No major nerve injury
Dorsal 1 Deep or superficial peroneal nerve femoral nervea

Plantar partial 2 Tibial nerve injurya

Plantar complete 3 Sciatic nerve injurya

Ischemia (I) None 0 Good to fair pulses, no ischemia
Mild 1b Reduced pulses, perfusion normal
Moderate 2b No pulse(s), prolonged capillary refill, Doppler pulses present
Severe 3b Pulseless, cool, ischemic, no Doppler pulses

Soft tissue/
contamination (S)

Low 0 Minimal to no ST contusion, no contamination [Gustilo Type I] [89]
Medium 1 Moderate ST injury, low-velocity GSW, moderate contamination, 

minimal crush [Gustilo Type II] [89]
High 2 Moderate crush, deglove, high-velocity GSW, moderate ST injury 

may require soft-tissue flap, considerable contamination [Gustilo 
Type IIIA] [90]

Severe 3 Massive crush, farm injury, severe deglove, severe contamination, 
requires soft-tissue flap [Gustilo Type IIIB] [90]

Skeletal (S) Low energy 0 Spiral fractures, oblique fracture, no or minimal displacement 
[Winquist and Hansen Type I, Johner and Wruhs A1, A2] [91, 92]

Medium energy 1 Transverse fracture, minimal comminution, small-caliber GSW 
[Winquist and Hansen Type II, Johner and Wruhs A3, B1] [91, 92]

High energy 2 Moderate displacement, moderate comminution, high-velocity 
GSW, butterfly fragment(s) [Winquist and Hansen Types III–IV, 
Johner and Wruhs B1, B2, B3] [91, 92]

Severe energy 3 Segmental, severe comminution, bony loss [Winquist and Hansen 
Type IV, Johner and Wruhs C1, C2, C3] [91, 92]

Shock (S) Normotensive 0 Blood pressure normal, always >90 mmHg systolic
Transient 
hypotension

1 Transient hypotension in field or emergency center

Persistent 
hypotension

2 Persistent hypotension despite fluids

Age (A) Young 0 <30 years
Middle 1 30–50 years
Old 2 >50 years

Total score 
(N + I + S + S + S + A)

ST Soft Tissue, GSW Gunshot wound
aNerve injury as assessed primarily in the emergency room
bScore doubles with ischemia > 6 hours

This study was also able to enlighten sur-
geons on particular factors not related to the 
injury itself that may predispose some trauma 
patients to a poorer or less than optimal outcome. 
These included a lower level of education, pov-
erty, lack of private health insurance, smoking, 
and involvement with disability-compensation 
litigation [21]. The elucidation of these factors 
provides areas for treatment teams to intervene 
and assist patients in achieving a better out-
come. We advocate for the early involvement 

and  intervention by psychosocial and vocational 
rehabilitation specialists. Their function in the 
patient’s recovery we believe is imperative and a 
key component for a better functional outcome. 
With their expertise, they can directly address the 
variables listed above and change or even prevent 
adverse outcomes.

In addition to the listed factors above, self- 
efficacy and an involved social support network 
are important determinants of outcome and 
should be emphasized in rehabilitation [57–59]. 

22 Outcome and Management of Primary Amputations and Limb-threatening Trauma



320

The orthopedic surgeon evaluating this patient in 
the outpatient setting can be instrumental in this 
area and help empower the social support network 
to assist the patient through both the difficult 
physical and mental recoveries. The orthopedist 
is also likely the only clinician who can help 
determine the activity level of the patient in the 
postoperative time frame and, with this knowl-
edge and assistance from the social workers and 
disability specialists, can help make vocational 
retraining possible. Both of the above functions 
should help facilitate the patient’s return to work 
as excessive delay in this area could potentially 
lead to poorer outcomes [60, 61].

Longer-term follow-up on the LEAP patient 
cohort was published at 7 years post-injury [20]. 
Perhaps unexpectedly, one-half of the patients in 
the LEAP study remained “severely” disabled 
and one-quarter were “very severely” disabled 
[54, 55]. Only one-third of the patients had out-
come scores similar to the general population. As 
found in the initial LEAP 2-year results, there 
were no significant differences identified among 
limb-salvage and amputation groups. This fol-
low- up study confirmed and added other factors 
that were found to be predictive of poor outcomes 
in the LEAP patient cohort: older age, female 
gender, nonwhite race, lower education level, liv-
ing in a poor household, current or previous 
smoking history [62], low self-efficacy, poor self- 
reported health status before the injury, and 
involvement with the legal system in an effort to 

obtain disability payments. Conclusions drawn 
from this study warrant attention from treatment 
teams and do not necessarily involve the acute 
surgical management of this traumatized popula-
tion. The optimization of recovery in these 
patients should emphasize the involvement of 
professionals who can address certain areas of 
recovery beyond the operating theater, namely, 
job retraining, intensive rehabilitative therapy, 
and education [63–65]. Furthermore, educating 
patients and their families on realistic and typical 
expected outcomes is important, as many patients 
will foster unrealistic expectations. The presence 
and mental fixation on these unrealistic expecta-
tions may predispose patients to poorer outcomes 
and generalized dissatisfaction with their condi-
tion and care [20, 60, 61].

22.3.6  Outcomes of the Mangled 
Foot and Ankle

A specific subset of patients within the LEAP 
study that underwent limb salvage with mangled 
foot and ankle trauma was recently reported upon 
[66]. This cohort included 174 patients with 
severely injured foot or hindfoot injuries. The 
spectrum of injuries included mostly complex 
foot trauma and tibial pilon fractures. Salvage 
was undertaken in 116 patients and 58 had an 
immediate BKA. Assessed outcomes included 
primarily the Sickness Impact Profile, walking 

Table 22.10 Independent analyses of lower-extremity injury-severity scalesa

MESS PSI LSI NISSSA HFS-97

Bosse et al. [45]
Sensitivity 0.45 0.47 0.51 0.33 0.37
Specificity 0.93 0.84 0.97 0.98 0.98
Bonanni et al. [33]
Sensitivity 0.22 0.33 0.61
Specificity 0.53 0.70 0.43
Durham et al. [46]
Sensitivity 0.79 0.96 0.83
Specificity 0.83 0.50 0.83
Dagum et al. [31]
Sensitivity 0.40 0.60 0.60
Specificity 0.89 0.94 0.83

aEvaluating Gustilo-Anderson type III fractures including immediate amputations
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speed, rehospitalizations related to injury com-
plications, time to full weightbearing, visual ana-
log pain scale, and return to work. At 2-year 
follow-up, the authors found that the limb- 
salvage group, those that had free tissue transfers 
and/or ankle fusions, had significantly poorer 
outcomes than the standard BKA group with 
standard skin flap design closure. This relation-
ship was not found with standard soft-tissue cov-
erage in the salvage group, which highlights the 
priority of careful soft-tissue management, spe-
cifically that around the vulnerable heel pad [67]. 
The greatest deficit identified in these study 
groups revolved around the psychosocial aspect 
of the limb-salvage group. This demonstrates, as 
shown in the LEAP study as well, the immense 
psychological toll these injuries exhibit upon 
patients during their recovery and onwards.

Another recent study reviewed the outcome of 
63 military service members with 89 mangled 
lower limbs resulting from blast injuries sus-
tained in a combat environment [68]. This study, 
along with that of Ellington et al. [66], showed 
that open fractures of the hindfoot were associ-
ated with higher rates of amputation, 29 % in this 
study with six of those conducted for chronic 
pain 18 months following the injury. The authors 
also noted higher rates of amputation when the 
trauma was associated with a vascular injury. At 
final follow-up, 74 % of the injured limbs still 
had persisting pain and disability related to 
injury. Only 14 % of the service members were 
ultimately fit to return to their preinjury duties.

Adding to the mangled lower-extremity data 
set from a combat theater, 90 % of patients in 
another study (91 of 102 patients) sustained open 
calcaneal fractures [69] from a blast-type mecha-
nism. With an average of 4 years follow-up, 42 % 
of this cohort went on to amputation. Fifteen per-
cent of these were done in a delayed fashion. This 
study highlighted several factors predictive of 
eventual amputation: blast-type mechanism, 
plantar wound location and size, and escalating 
Gustilo-Anderson classification type. It is also 
quite interesting to note that the authors reported 
statistically significant lower visual analog scores 
(2.1 compared to 4.0) in the amputation group 
than the limb-salvage group.

22.3.7  Complications 
in the Treatment of Severe 
Lower-Extremity Trauma

The management of limb-threatening trauma is 
challenging and complications can be significant. 
Harris et al. [70] reported that among the 149 
amputations performed among the LEAP 
patients, there was a 5.4 % amputation revision 
rate. There was an overall 24 % complication rate 
with most of these being reported at 3 months 
post-injury. The most common complications 
were wound infection (34 %) followed by wound 
dehiscence (13 %). In the 371 limb-salvage 
patients, 3.9 % required a late amputation, which 
was defined as a limb undergoing amputation 
after the initial hospitalization. Most complica-
tions were noted at 6 months post-injury and 
included a total of 37.7 % of this group. Again, 
the most common complication noted was wound 
infection (23.2 %). The complications of osteo-
myelitis and nonunions were, not surprisingly, 
seen predominantly in the salvage group and 
entailed 8.6 % and 31 %, respectively.

Soft-tissue coverage associated with limb sal-
vage and reconstruction is also associated with 
significant complications and has been reported 
to occur in 53 % of flap procedures within the 
LEAP patient cohort. Operative intervention was 
required in 87 % of these patients [71]. 
Rehospitalization, often a setback in recovery, 
occurred in one-third of LEAP study patients and 
involved the limb-salvage/reconstruction group 
more than the amputation group.

When complications become unsalvage-
able or limb-salvage techniques fail for various 
reasons, some patients may opt for an elective 
amputation rather than proceed with further 
efforts. Choosing an elective amputation in this 
situation is a particularly sensitive issue and 
certainly one of the most difficult decisions to 
make for the patient. The time already invested 
in recovery and the lure of anticipated functional 
gain can make this decision all the more chal-
lenging. Quon et al. [72] reviewed a small cohort 
of patients undergoing elective amputations for 
a functionally impaired lower limb that lim-
ited those patients’ ability to do their  everyday 
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 activities. They  identified three key factors in 
their patients’ decisions: pain, function, and 
participation. While the study subjects voiced 
differing reasons within these categories, basic 
tenets of the study related to patients feeling the 
leg was potentially holding them back and that 
amputating the leg may afford them decreased 
pain, improved function with daily activities, 
and future participation in hobbies or activities 
they were previously forced to give up due to the 
trauma.

Complications in the management of this 
severely injured group of patients are sadly 
unavoidable. It is in our and our patients best 
interest to understand the nature of the complica-
tions and how then to best avoid them. From the 
initial evaluation and subsequent follow-up of 
these patients, treatment teams should not under-
estimate the difficult nature of the recovery pro-
cess and the potential for complications and 
secondary procedures. Further, a future area of 
research may be warranted with investigation 
into when salvage efforts have stalled and patients 
may be better suited with an elective amputation 
over continued salvage techniques. As clinicians 
we have a duty to inform patients on all treatment 
options, and perhaps early involvement of an 
amputation team may help some patients opt for 
an earlier amputation rather than struggle with 
the ostensibly successful limb salvage with an 
unpredictable recovery.

22.3.8  Psychological Distress 
in Patients with Severely 
Injured Lower Extremities

Accompanying the significant challenges with 
physical recovery and impairment is an often 
underappreciated source of morbidity with ortho-
pedic trauma patients – psychological distress 
and mental illness [73, 74]. This is especially evi-
dent in the high-energy lower-extremity trauma 
patient where limb salvage and amputations are 
being debated and subsequent recoveries man-
aged. During the course of the LEAP study, 
patients were evaluated for psychological distress 
[75] utilizing the Brief Symptom Inventory [76, 77]. 
At 2 years post-injury, 42 % of the patients 

screened positive for a psychological disorder, 
yet only 22 % had reported receiving any mental 
health services. Almost 20 % of the study group 
reported severe phobic anxiety and/or depres-
sion. The authors of the study were able to iden-
tify factors that were likely to be associated with 
patients that had psychological distress. These 
included poorer physical function, younger age, 
nonwhite race, poverty, a likely drinking prob-
lem, neuroticism, a poor sense of self-efficacy, 
and limited social support. Interestingly, some of 
these same factors have been attributed to chronic 
pain syndromes which could certainly exacerbate 
any coexisting psychological distress these 
patients may be suffering from [78].

Another study utilizing the LEAP study par-
ticipants worked to characterize the relationships 
between pain, psychological distress, and physi-
cal function in the early and later stages of recov-
ery [79]. They reported that the presence of 
depression and anxiety, at any detectable level, 
led to decreased levels of function during recov-
ery after injury. Complimenting this data set, a 
study by Castillo et al. [80] showed that during 
the early phases of recovery, levels of pain were 
able to predict corresponding levels of anxiety 
and depression symptoms. Stronger relationships 
were seen with anxiety and pain throughout the 
recovery stages. Based upon these and other 
studies, it is quite clear that the patient with 
severe lower-extremity trauma would benefit sig-
nificantly from interventions specifically aimed 
at decreasing negative emotions, especially anxi-
ety, in the recovery period.

As emphasized previously, the orthopedic sur-
geon is most likely going to be the primary coor-
dinator of care with these patients in the 
postoperative period during their lengthy func-
tional recoveries. Along with recognizing the 
physical dysfunction and instituting appropriate 
referrals for therapy and job retraining, the treat-
ing surgeon must also be astute enough to evalu-
ate and screen these traumatized patients for 
psychological distress. If mental distress is sus-
pected or identified, appropriate consultation or 
referral should be initiated to a provider trained 
in this area. Furthermore, by understanding and 
recognizing potential risk factors for psychologi-
cal distress and thus poorer outcomes with this 
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patent population (i.e., drinking problems, poor 
social support network, or poor self-efficacy), 
prophylactic referrals can be made early in the 
patient’s recovery. Ultimately, for patients to be 
given the best chance for the most favorable out-
come, the physical and psychological needs of 
this population should to be addressed simultane-
ously [75]. Adding directed therapy toward these 
areas could prove to decrease acute pain associ-
ated with recovery and improve overall func-
tional gains.

22.3.9  Societal Costs Associated 
with Limb Salvage 
and Amputation

An argument we have heard and understand is 
that of the cost of limb salvage and its toll on 
society in comparison to a “quick amputation and 
be done with it” attitude… “let the patient get on 
with their life.” The cost burden of the limb- 
salvage and amputation debate was recently 
reported [2], and the results directly counter what 
many have argued in the past. At 2 years of fol-
low- up, both groups had essentially the same 
healthcare costs. However, projected lifetime 
costs were $509,000 for amputees and $163,000 
for limb-salvage patients (2002 US dollar fig-
ures) – over a threefold difference. The differ-
ence was mainly attributed to the repair and 
replacement costs associated with prostheses for 
the amputation population, which had an esti-
mated 40–45 years of life remaining. In regard to 
complications, they found a 46 % increase in 
costs if patients had required a rehospitalization – 
a finding that underscores the importance of cli-
nicians having a solid understanding of risk 
factors for both complications and poorer 
outcomes.

22.4  The Open Fracture 
with Severe Nerve Injury

The management of severe limb-threatening 
injuries is challenging and often requires dif-
ficult decisions to be made acutely. Predicting 
the outcome of patients with this type of trauma 

(Table 22.2) has proved challenging, and the util-
ity of limb-salvage predictive scores has been 
shown to be limited. A repetitive and concerning 
theme in the scientific literature surrounding limb 
salvage and amputation is the severe open fracture 
with associated nerve injury and purported poor 
results of 60–100 % disability with this type of 
injury [81–83]. This scenario represents a unique 
conundrum in the decision-making process.

The loss of foot plantar sensation has been 
ingrained into the trauma surgeon’s psyche as a 
major, if not sometimes the primary predictor of 
acute amputation. In fact, MacKenzie et al. [44] 
showed that nearly 40 % of orthopedic surgeons 
place nerve integrity and plantar sensation as the 
primary determinant in the decision to amputate 
or reconstruct (Table 22.3). Often, this decision is 
made based on initial emergency room evaluation 
even though this sometimes rudimentary exam 
has been shown to be unpredictable [35]. The 
influence of nerve integrity on the trauma com-
munity has been borne out by its direct and inde-
pendent inclusion into three of the major 
limb-salvage prediction scales: the LSI, NISSSA, 
and HFS (Tables 22.4, 22.6, 22.8, and 22.9).

The insensate foot was evaluated among 55 
patient cohort of the LEAP study [84]. This group 
presented to the emergency department with an 
insensate foot and underwent either amputation 
(26 patients) or limb salvage (29 patients). The 
insensate-salvage group was also matched and 
compared with a sensate-salvage group as a con-
trol group in the study. The authors identified 
some interesting and important findings directly 
impacting commonly held beliefs pertaining to 
limb-salvage versus amputation debates and pre-
dicted outcomes. First and foremost, patients that 
had absent plantar sensation demonstrated sub-
stantial impairment at final follow-up. However, 
their outcomes were similar and appeared to be 
unaffected whether undergoing amputation or 
limb salvage. Second and perhaps most interest-
ing, the patients with the insensate foot on pre-
sentation that underwent limb salvage did not 
have worse outcomes than the matched cohort 
with intact sensation that underwent limb sal-
vage. This included no differences in final plantar 
sensation or the need for late amputation. In fact, 
67 % of the patients in the insensate foot group 
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regained normal foot sensation over the study 
period – a highlight that supports increased dili-
gence in treatment decisions utilizing emergency 
department nerve exams. Ultimately, the 2-year 
outcome of patients that had undergone limb sal-
vage with an insensate foot did not appear to be 
influenced or adversely affected by the presence 
or absence of plantar sensation [84].

More recently, Beltran et al. [85] reviewed 32 
open type III tibia fractures with a total of 43 
peripheral nerve injuries (peroneal or tibial) sus-
tained in a combat environment. Complimenting 
the LEAP data, this study specifically investi-
gated nerve injuries sustained with high-energy 
mechanisms such as seen in military combat. 
With nearly 2-year follow-up, 89 % of injured 
motor nerves were functional, and 93 % of sen-
sory nerve injuries were functional as well. Full 
return of function was seen in 37 % of the motor 
nerve injuries and in 25 % of sensory nerves. The 
authors conclude that improvement can be 
expected in 50 % of motor nerve injuries and in 
27 % of sensory nerve injuries.

The decisions in these analyses and others are 
often based upon emergency department evalua-
tion and not upon direct surgical observation. The 
initial evaluation demonstrating a loss of plantar 
sensation can easily be attributed to a transient 
neurapraxia from compression or stretch and/
or temporary ischemia, which can be reversible. 
Furthermore, in the combat situation, both blast 
injuries and high-velocity gunshot wounds can 
cause local tissue cavitation leading to nerve dys-
function. The intraoperative finding of complete 
nerve transection or segmental neural element 
loss could be suggestive of an absolute indication 
for primary limb amputation, especially in light 
of associated vascular injuries or other severe 
traumas. However, it is important to note that 
often clinicians treat patients with insensate feet 
in the clinical setting, namely, in the diabetic and 
spinal cord injury patient populations [84]. In the 
surgical suite, we do not advocate invasive surgi-
cal exploration of nerve structures in the lower 
extremity when they are not already exposed sec-
ondary to the trauma itself. This practice is associ-
ated with unwarranted tissue damage and should 
be avoided. With evidence to  support return of 

both motor and sensory functions including plan-
tar sensation during recovery, the reliance specif-
ically upon plantar sensation and nerve function 
in general in the lower extremity during the initial 
physical exam finding should be avoided in the 
amputation decision-making process.

22.5  Summary

The high-energy lower-extremity trauma patient 
presents many challenges to treatment teams. Past 
literature has not been overly supportive of limb 
salvage and often makes the point that early ampu-
tation is advantageous to save patients from 
lengthy suffering [15, 17]. However, as technol-
ogy and surgical concepts have evolved, so have 
our abilities to salvage limbs previously thought to 
be candidates only for amputation. These salvaged 
limbs, although demonstrating generally poor out-
comes, have been shown to have equivalent results 
to limbs treated with primary amputation [20–22] 
and entail an equivalent of 2-year healthcare costs 
and substantial savings over the long term.

Often, given the option of limb salvage or 
amputation, most patients opt to save their 
extremity rather than undergo an amputation. 
While data presented here and in the LEAP data 
show equivalent results among the salvage/ampu-
tation groups, it should be noted that most of the 
data were derived from care patients had received 
at Level I trauma centers. It has been argued that 
these centers, with their experienced trauma staff, 
may impart different outcomes than patients 
treated elsewhere [86].

We believe that limb salvage is a reasonable 
goal for clinicians and patients at experienced 
Level I trauma centers. The LEAP data and other 
studies present sufficient evidence to support this 
conclusion. The early involvement of post-acute- 
care services, such as therapists, rehabilitation 
specialists, psychologists, and many others, is 
imperative for the optimization of patient out-
comes and potentially holds the highest value in 
recovery efforts. Diligence, thoughtful care, and 
presenting realistic expectations will allow these 
traumatized patients to achieve their best recov-
ery and functional outcomes.
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While blunt trauma care involving orthopedic 
injuries evolved over the years, penetrating ortho-
pedic trauma is still vastly under-represented in 
current literature. This is despite the recent rise in 
firearms-related causality rate, especially in 
North America and other industrialized countries 
[1], as well as the surge in global terrorism [2]. 
Therefore, the practicing orthopedic trauma sur-
geon is in a dire need of more information regard-
ing the recognition, management, and preparation 
needed to cope with single/mass casualties with 
high energy penetrating musculoskeletal 
injuries.

Recent conflicts, especially in Iraq and 
Afghanistan, have taught us lessons regarding 
newer and deadlier limb threatening injuries  
[3, 4].

The topic of penetrating limb injuries is wide 
but can be divided mainly into two main sub-
groups – those inflicted by firearms of both high 
and low velocity, and those caused by blast or 
explosions. Both injuries had been long described 
in the military setting but nowadays are encoun-
tered in an alarmingly rising rate in the civilian 
setting.

The purpose of this chapter will be to charac-
terize both gunshot- and blast-related extremity 
injuries, discuss their initial and definite manage-
ment and review some of the recent experience 
with emphasis on the civilian setting.
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23.1  Gunshot Ballistics 
and Injuries

Many authors and surgeons attempted to classify 
the injury pattern of gunshots based on the type 
of weapon, bullet, energy transfer, and velocity of 
the projectile [1, 5, 6]. Traditionally, projectiles 
were classified into “high-velocity” vs. 
 “low- velocity”, the latter being mainly shot from 
handguns while the former produced by assault 
rifles. The cut-off point is controversial but it is 
still widely accepted that most high-velocity 
injuries refer to >2000 ft/s [1]. Since the kinetic 
energy is proportional to the square of the veloc-
ity, most modern guns have switched to smaller 
but faster ammunition. Both in vivo evidence in 
dogs [7] and in vitro simulation in gelatin blocks 
[1, 8] demonstrate a wider wound tract and tissue 
damage inflicted by faster ammunition. Early 
clinical reports from the Vietnam War describe 
the unusual injuries at that time inflicted by the 
M-16 assault rifle [9] represent this trend as well. 
Despite the above, the distinction between high 
velocity and low velocity can at times be artifi-
cial. A 0.45 caliber pistol bullet can transmit 900 
joules of energy, equivalent to a 5-kg weight 
being dropped from a height of 20 m, which can 
cause severe musculoskeletal injury [10], while a 
military assault rifle, classified as high velocity, 
can hit a thigh with a clean in-and-out wound 
without significant damage [1].

23.1.1  Mechanism of Injury

After the bullet leaves the firearm muzzle, it prop-
agates in a complex movement pattern consisting 
of yaw and rotation, creating a complex form of 
motion called nutation, although overall speaking, 
a well designed bullet will yaw less than 3° and 
will usually hit the target straight [11]. Upon strik-
ing its target, the bullet creates a temporary cavity 
due to the stretching forces and vacuum created by 
its passing. This temporary cavity is reported to be 
of an increased magnitude with missile velocities 
greater than 2000 ft per second [1, 12]. The cavita-
tion process lasts only a few milliseconds and the 
amount of tissue damage is dictated by the tissue 

elasticity and tolerance to stretch. For example, 
near-liquid organs such as the brain, liver, or 
spleen might be violently disrupted during the 
temporary cavity formation [1, 5]. In the limbs, 
however, muscle is damaged mainly within the 
close vicinity of the passing bullet but can tolerate 
stretching quite well [13]. Major vessels are rarely 
injured by stretch. Nerves rarely tear due to cavita-
tion, and most of the time nerve damage results 
only in neuropraxia. Therefore nerve exploration 
should not be routinely performed in gunshot 
wounds [14].

Bone can be damaged incompletely or com-
pletely. Various fracture morphological patterns 
have been described for both complete and 
incomplete fractures, but the clinical value of 
these classifications is questionable. However, it 
should be mentioned that bone fragments can be 
propelled to the area of temporary cavity and can 
cause damage to adjacent structures. This is not 
always obvious when looking at injury films 
since most bone fragments usually retract back to 
the original bone [1].

Virtually all gunshot wounds are contami-
nated [1, 5]. In an experimental model, the num-
ber of organisms in a gunshot wound tends to 
multiply 10–100 times from 6 to 24 h, while basi-
cally all cultures from devitalized muscle are 
positive at the time of the initial injury [15]. 
Therefore the time of wound excision is believed 
to be of a greater value if done earlier in the 
course of treatment.

23.1.2  Vascular Injuries

Vascular injuries are not uncommon in high- 
energy gunshot wounds and should be sought 
after [1, 16]. They are predictive of a more 
guarded outcome, especially with regard to 
infection [17]. Although physical examination 
is often sufficient to rule out major vascular 
injury [18], some minor vascular injuries have 
been reported to appear later on in the course of 
events. On the one hand, angiography, although 
very accurate, is not routinely warranted if the 
physical examination is normal [19]. On the 
other, with a hypo perfused limb with a localized 
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lesion and “hard” signs of vascular injury, the 
location of injury becomes obvious and imme-
diate exploration is indicated without further 
studies [1]. When angiography is performed in 
absence of “hard physical findings (ischemic, 
cold, pulseless limb, bruit or expanding hema-
toma), it is either negative in many cases or 
demonstrate benign lesions in other cases [20]. 
Therefore, arteriography should be judiciously 
used only for borderline cases when physical 
examination is hard to perform or is unreliable. 
Recently, high resolution multi-slice CT angiog-
raphy has been used in subsets of patients with a 
high accuracy rate approaching 94 % [21]. This 
modality seems to be promising in the initial 
diagnosis of vascular extremity trauma.

23.1.3  Principles of Treatment

As with all high-grade open fractures, treatment 
goals should be: stabilization of bone, adequate 
care of soft tissue, wound coverage, and restora-
tion of limb function. This is true both for diaph-
yseal as well as for articular fractures [22].

Perhaps the most commonly known term of 
wound excision coined has been “debridemént”, 
defined by Larrey (1812) and widely adopted in 
World War I, which implied incision and decom-
pression of the wound [23], more likely to be a 
kind of fasciotomy [5] than the current mode of 
excisional surgery. It is now well accepted that 
the single most important factor in reducing the 
risk of infection is the timely administration of 
intravenous antibiotics [1, 5]. While it is accepted 
that in many cases of low-velocity gunshots non-
operative treatment can succeed, most high- 
velocity/energy wounds require some degree of 
surgical wound care.

The degree of wound excision necessary for 
healing is highly controversial and remains one 
of the greatest challenges for the trauma surgeon. 
Although ideally, devitalized tissue should be 
removed in order to decrease the infection burden 
and to promote angiogenesis, it is clinically hard 
to judge which tissue warrants removal, espe-
cially in regard to muscle. In an experimental 
high-energy gunshot produced in pigs, extensive 

tract excision did not result in a better outcome 
than simple wound drainage and antibiotic treat-
ment [24]. On the other hand, retaining devital-
ized tissue can result in necrosis and sepsis [25]. 
The four “Cs” – color, consistency, contractility, 
and circulation, known for more than 40 years – 
have served as a rough guideline for identifica-
tion of dead muscle for generations of surgeons 
and are still valid today [26]. Attempts to corre-
late between gross findings associated with these 
“Cs” to microscopic findings yielded some inac-
curacies. This is related to temporary ischemia 
around the injury zone which resolves after a few 
hours [1]. Therefore, it is advised not to apply the 
“when in doubt, cut it out” regime but rather to 
repeat wound exploration within 48–72 h, thus 
sparing more viable tissue [5]. This is of course, 
by no means an advice to retain detached, devas-
cularized, or contaminated tissue that obviously 
needs to be excised during the first session. 
Wounds traditionally are best left open initially, 
but closure should be considered early in order to 
improve joint motion and reduce stiffness, ide-
ally not longer than 5–10 days after injury [26]. 
In case tension occurs, primary skin graft should 
be used. Recently, vacuum assisted closure serves 
as a powerful tool in reducing infection, promot-
ing granulation, and expediting closure in war 
wounds and is continuing to evolve rapidly [27]. 
This is especially helpful in situations where pro-
longed transport is expected, such as in remote 
war zones.

An increased rate of vascular injuries occurs 
in extremity fractures caused by gunshots [10]. 
Despite controversies about the sequence of fixa-
tion and vascular supply restoration, recent war 
experience demonstrates the advantage of imme-
diate vascular temporary shunting, especially 
when prolonged and remote evacuation is 
expected [28].

23.1.4  Fracture Care

Most modern texts nowadays refer to gunshot- 
related fractures as open fractures caused by 
other mechanisms [1]. However, there are special 
considerations, which are unique to these injuries 
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and require different management strategies. Due 
to the limited scope of this chapter we will review 
only some of the important ones.

23.1.4.1  Long Bones
Traditionally, gunshot injuries were considered 
grossly contaminated and therefore external fixa-
tion was the mainstay of their treatment for many 
years. However, reports from the 1990s demon-
strated the efficacy of immediate intramedullary 
nailing of femoral shaft fracture caused by low- 
to mid-energy gunshot with acceptable clinical 
results [29], and also with higher energy firearm 
trauma [30].

With femoral fractures, care should be taken 
to avoid rotational mal-alignment since commi-
nution will often distort the anatomical land-
marks such as the cortical step sign [31] used to 
judge femoral rotation. An example is provided 
in Fig. 23.1. Recently, computer navigation has 
been shown to be effective in restoring rotational 
alignment. One of the cases in a recently pub-
lished series dealt with a comminuted proximal 
femur fracture caused by a gunshot successfully 
restored for length and rotation by using com-
puter navigation [32].

Bone loss and tissue coverage are a major 
challenge for tibial fractures especially involving 
the distal third, when soft tissue availability is 
scant. Due to these difficulties, our policy in 
high-energy gunshot wounds is to minimize bone 
debridement to minimum necessary and preserve 
as much bone as possible. Many times, these will 
be osteoconductive and would not result in mas-
sive infection. Recent experience in open distal 
femur fractures demonstrated that more conser-
vative bone debridement does not increase infec-
tion rate, but decreases nonunion [33]. Several 
solutions adopted from the general orthopedic 
trauma are acceptable. These include rotational 
flaps, free tissue transfer, and immediate or late 
bone grafting [34, 35]. Each of these techniques 
can be used in conjunction with a circular frame 
for distraction osteogenesis [36], but not exclu-
sively. A case of an IIIB distal tibial gunshot frac-
ture with significant bone loss is depicted in 
Fig. 23.2.

It should be noted, however, that even with 
high success rates of these hard-to-treat fractures, 
one can look at a prolonged recovery period with 

multiple reconstructive attempts [37]. As with 
other mangled extremity injuries, the option for 
primary amputation should be considered. 
Increased bulk of literature, both civilian and 
military [38, 39], denounce the use of “scoring 
systems” such as the MESS score for determina-
tion of the fate of a mangled extremity, and prefer 
to rely on the surgeon’s experience and on the 
general condition of the gunshot victim as pre-
dictors for early amputation.

23.1.4.2  Joints
As with other articular fractures, joint reconstruc-
tion and stable fixation should become the pri-
mary goal of treatment. However, some unique 
considerations should be given. First, due to the 
contaminated nature of gunshot injury, either 
arthroscopic or open irrigation should be strongly 
considered even in cases where a joint space vio-
lation is suspected [22]. A rare but a relevant 
example is the case where abdominal penetration 
occurred concomitant with pelvic or hip involve-
ment. In these cases, contamination and joint 
sepsis would ultimately result in a catastrophic 
joint destruction.

Restoring metaphyseal comminution and 
building the articular block back to the shaft 
might be challenging in cases of severe commi-
nution (Fig. 23.3), but effort should be made, like 
with any articular fracture, to restore joint con-
gruency in order to maintain function and early 
motion [22]. Finally, chronic retention of metal-
lic foreign bodies can result either in a local reac-
tion [40, 41], or in rare cases, in systemic toxicity, 
such as lead poisoning [42, 43]. These will man-
date early removal even in asymptomatic patients.

23.2  Blast Injuries

Another penetrating trauma type to be discussed 
here is related to explosion or blast. These are 
by far less common injuries than gunshot 
wounds, but their number is unfortunately grow-
ing in both civilian and military setting due to 
geopolitical reasons [44]. Despite the daunting 
threat of chemical and biological warfare, con-
ventional terrorism is still the most common 
form of attacks resulting in high causality events 
[45]. Examples from recent years include the 
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Fig. 23.1 (a) Gunshot fracture to a 25-year-old counter- 
terrorist fighter, caused by an AK-47. (b) Three months 
 following irrigation, debridement, and fixation with a proxi-
mal femoral nail (Synthes, Battlach, Switzerland) with no 

 apparent wound complications. (c) Due to complaints of dif-
ficulty running and intoeing, a CT scanogram was performed 
which revealed almost 40° internal rotation deformity. (d) 
Fracture revised by a derotation osteotomy and a reamed nail

a b

c
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London attacks of 2005 [46], Madrid train 
attacks of 2004 [47], and the succession of sui-
cide bombing during the Palestinian uprising 
between 2000 and 2005 [48, 49]

Blast injuries are different from gunshots 
mainly because of their multiple mechanisms of 
injury [16, 50, 51]. They tend to involve more 
body regions; and generally tend to be of higher 
severity scores, with increased overall potential 
for prolonged ICU stay and mortality [16, 52]. 
Although the surgical management of individ-
ual injuries may be similar to that of other types 
of trauma, the overall management of these 
patients as individuals as well as in the context 
of mass casualty event is worthy of 
consideration.

In this section we will overview the mecha-
nisms of injury, principles of triage, and team 
approach as well as damage control strategies 

and definite orthopedic treatment of complex 
injuries with a special emphasis on the civilian 
setting.

23.2.1  Mechanisms of Blast Injury

The primary blast effect is related to the rapid 
pressure wave created during the detonation of an 
explosive [53]. The scene location and type of 
explosive used have a direct effect on the severity 
of injuries. Blast wave energy tends to decrease 
rapidly in space and dissipate [54]. However, 
when blast occurs in a closed or confined space, 
such in a bus or a room, the blast waves are rever-
berated from the walls instead of dissipating [54–
56], thus inflicting more damage on human 
victims. In a series of suicide bombing in Israel 
occurring in buses during the years 1995–1996, a 
threefold increase in primary blast injuries was 
observed when compared to those of open-space 
explosions, exemplifying this phenomenon [56]. 
When the pressure wave created by detonation 
encounters certain air-fluid interfaces, unique 
 tissue damage may occur. The most common and 
perhaps the most life-threatening injury involves 
the lung. Pressure differentials across the 
alveolar- capillary interface cause disruption, 
hemorrhage, pulmonary contusion, pneumotho-
rax, hemothorax, pneumomediastinum, and sub-
cutaneous emphysema [57].

The second most common type of primary 
blast injury is that to hollow viscera. The intes-
tines, most usually the colon, are affected by the 
detonation wave. Mesenteric ischemia or infarct 
can cause delayed rupture of the large or the 
small intestine; these injuries are difficult to 
detect initially. Rupture, infarction, ischemia, and 
hemorrhage of solid organs such as the liver, 
spleen, and kidney are generally associated with 
very high blast forces or proximity of the patient 
to the blast center [58].

Tympanic membrane injury was extensively 
discussed in the literature discussing terror 
attacks. It is the most common non-lethal injury 
caused by relatively low-pressure blast waves. 

d

Fig. 23.1 (continued)
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a b

c

d

Fig. 23.2 (a) A 50-year-old 
schizophrenic smoker was 
injured by an M-16 military 
assault rifle sustaining a 
grade III-B open distal tibial 
fracture. (b) After irrigation 
and debridement with an 
attempt to preserve as much 
bone as possible, and 
immediate fixation with an 
unreamed tibial nail. (c, d) A 
year after a definite treatment 
that included further wound 
irrigation, latissimus dorsi 
free-flap, and iliac crest bone 
graft. Despite the imperfect 
ankle alignment, the patient 
was doing clinically well and 
returned to function
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Traditionally, its presence was used to predict 
severe primary blast injuries (such as the lung or 
bowel), yet it is now referred to as questionable 
and unreliable [59], as will be further discussed 
in the triage section.

Traditionally, limb injury due to primary 
blast was considered a rarity. Hull and Cooper 
studied primary blast effects on the extremities 
resulting in traumatic amputations in Northern 
Ireland [60]. Only 9 out of 52 victims with 

a

b

Fig. 23.3 (a) A 40-year-old 
patient was shot in his left 
lower arm and treated 
elsewhere with an external 
fixator with attempted 
internal fixation and brought 
to us for evaluation. (b) A 
staged protocol was used – 
removal of external fixator 
and wound debridement, 
definite treatment using 
parallel locked 3.5 recon-
struction plates and iliac 
crest bone graft. Eighteen 
months after injury, the 
fracture is solidly healed and 
the patient has a reasonable 
range of painless motion
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traumatic amputations due to primary blast 
survived, demonstrating the high level of 
energy needed to avulse a limb. However, in 
the military setting, with the use of body armor 
becoming a common practice, devastating pri-
mary blast amputation has become increas-
ingly common. These can include multiple and 
higher limb avulsions as well as pelvic and 
perineal injuries – areas not well protected by 
armor [4, 61].

Traditionally, the secondary blast effects 
comprise the core of the orthopedic injuries 
observed in warfare [62, 63] and also in civil-
ian terror attacks such as the Middle Eastern 
experience [50, 64, 65]. Secondary blast effects 
are related to penetrating injuries caused by 
fragments ejected from the explosives and/or 
by foreign bodies impregnated within it. The 
extent of this effect depends on the subject’s 
distance from the detonation center, the shape 
and size of the fragments, and the number of 
foreign bodies implanted or created by the 
explosive. In contrast to most warfare injuries, 
the improvised explosives used by terrorists 
have multiple added fragments including 
screws, bolts, nails, and other objects that may 
increase the damage caused by penetrating 
injuries [66]. Open fractures, severe soft tissue 
injuries, and multi-organ penetrating injuries 
are the more common pattern seen in the 
severely injured victim [66, 67].

Tertiary blast injury refers to the blunt trauma 
component of the explosion. Flying or falling 
objects can cause additional traumatic elements 
to those described above. When structural col-
lapse takes place, a high casualty and mortality 
event occurs [48]. Our experience in Israel did 
not demonstrate a significant proportion of addi-
tional blunt trauma, but reports from other parts 
of the world, such as those following the 
Oklahoma City explosion, state this as the pri-
mary mechanism of the injury, as well as the [68] 
cause of usually devastating results.

The quaternary blast effect is a recently added 
one, and includes the thermal and chemical dam-
age caused by fire and noxious substances occur-
ring at the vicinity of the explosion. 
Confined-space explosions significantly increase 
these types of injuries [56].

23.2.2  Triage and Primary 
Resuscitation

Perhaps the most significant difference between 
gunshots and the blast wounded, besides the indi-
vidual injury pattern, is the “mass-casualty” 
effect caused by multiple military and civilian 
attacks. Instead of treating a single patient 
brought to the treating facility, the surgeon faces 
a scenario of mass casualty, and is required to 
simultaneously deal with multiple patients hav-
ing multiple injuries. Hence, the initial effort 
should be to establish an orderly triage system, 
and to allocate medical team and hospital 
resources even before the first patient arrives to 
the hospital [69, 70].

In the military setting, front medical teams 
utilizing “damage control” strategies and per-
forming only emergency surgeries have recently 
developed, especially in the global war against 
terrorism [28]. Further procedures are then per-
formed in secondary and tertiary centers after 
further triage and usually prolonged transporta-
tion. However, this is not the case in the civilian 
setting, which is in the primary focus of this 
section.

At recent attacks – such in Jerusalem, Madrid, 
and London and recently the Boston Marathon – 
evacuation time to a definite care facility ranged 
between 18 min to 1–2 h [51, 71–73]. Some 
events, especially those on a large scale, described 
only a few severely injured patients in a majority 
of “walking wounded”. The Middle East experi-
ence, such as in Jerusalem, paradoxically demon-
strated that smaller bombing scenes resulted in 
overall less causalities but with more critically ill 
patients (4–8 per event) arriving in very short 
notice to treating facilities [48].

Logistics of Emergency Department manage-
ment have a major impact on triage. We recom-
mend evacuation of non-critical non-terror-related 
patients temporarily to the hospital floors while 
the seriously ill patients can be treated in desig-
nated areas. The trauma bays are thus devoted 
solely to resuscitative efforts done on critically ill 
patients, while the rest of the ED serves as an 
admitting area to the rest of the patients. Each 
area is staffed with surgeon-in-charge and other 
members of the treating team (surgical and 
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 orthopedic residents, nurses, medical students, 
etc.). A surgeon-in-charge should be designated 
beforehand and should serve in critical junctions 
as suggested by Almogy et al. [71]: Triage at the 
initial admitting phase and in various treating 
cycles as well as diagnostics and directions 
towards the operating room or admitting floors 
are constantly done, until the general chaos is 
reduced. Every hospital should explore and iden-
tify the logistics mechanism required to provide 
the best and most efficient setting for disaster 
management under its capacity, should an actual 
disaster occur.

The next important principle in managing an 
event of this nature is to direct the flow of patients 
in an orderly fashion in a “one way” system. 
Potential bottlenecks, such as in the CT scanner, 
ICUs, and limited number of available operating 
rooms, should be identified and the patients 
should be directed to their proper destination 
only after the available resources of the hospital 
are mapped and identified [48]. Since as many as 
50 % of causalities would require a surgical inter-
vention – ICU stay or both [74] – hospital man-
agement should be prepared to allocate these 
facilities in a timely fashion.

23.2.3  Treatment of Specific Injuries

Blast extremity injuries tend to be more varied 
and less predictable than gunshots [16, 75]. The 
energy of the penetrating foreign body is 
extremely variable and greatly depends on the 
distance from the detonation center [62]. The 
existence of an extremity fracture, therefore, 
indicates a high-energy mechanism and has 
proven many times to implicate a polytrauma 
situation [76]. This is in contrast to a gunshot 
patient who can present with an extremity injury 
as a sole manifestation [16, 77]. In fact, one of 
the studies performed at our center indicates that 
fractures caused by blast are highly associated 
with potentially lethal blast lung injuries [78]. 
Therefore, an “isolated” fracture caused by blast 
mechanism should alert the surgeon to aggres-
sively seek and diagnose associated injuries. 
Although high-energy gunshots wounds may 

involve a higher rate of vascular injury, compart-
ment syndrome, and higher grade open fractures 
[16], blast extremity injury can involve more 
multiple fracture sites than gunshots, as well as a 
higher ISS and more associated life threatening 
injuries [16, 79, 80]. In this context, the treatment 
plans and strategies of each patient should be 
meticulously defined. As many patients are expe-
dited to the operating room, more orthopedic 
teams should be available to undertake emergent 
procedures.

Damage control orthopedic and soft tissue 
strategies should generally be the rule in these 
cases since 70 % of bone-injured blast patients 
have an ISS of above 20 [75, 77] and are highly 
prone to prolonged ICU stay, respiratory failure, 
and coagulopathy [52, 79]. An orthopedic 
surgeon- in-charge should direct the teams in 
decision making, and the scope of first stage 
treatment plans should be limited as reconstruc-
tion can be planned in subsequent phases.

As in blunt polytrauma situations, tertiary sur-
veys are extremely important in order to identify 
missed injuries, most of them of musculoskeletal 
nature [81]. We established a routine of a “morn-
ing after” rounds using the records from the ED 
to allocate the patients in the entire hospital, per-
forming vigilant physical examination and docu-
menting the penetrating injury both in writing 
and in a graphic form using a burn-unit type 
chart. A significant number of missed fractures 
and retained foreign bodies were identified with 
these surveys.

23.2.3.1  Specific Considerations
Most treatment principles of gunshot injury in 
regards to bone, soft tissue and vascular manage-
ment should be applied to blast skeletal injuries. 
However, specific considerations unique to blast 
injury in the civilian setting should also be 
applied. First, as mentioned above, a polytrauma 
situation dictates decision making in regard to 
staging of bone and soft tissue treatment that is 
slightly different than that applied to the typical 
gunshot wounded victim. An illustrative case is 
demonstrated on Fig. 23.4.

Also, the metal load and the amount of foreign 
bodies warrant removal, otherwise unnecessary 
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in gunshot wounds. The mere removal can cause 
further soft tissue damage, thus mandating mini-
mal invasive techniques. We reported the use of 
computerized navigation as well as metal detec-
tors to attempt and minimize dissection involved 
in these removals [40, 82].

Lastly, the fact that more and more suicide 
bombers are involved in modern terrorism may 
increase the risk of biological contamination of 
the victims with tissues originating from the 
terrorists themselves, such as bone fragments 
[83]. Concerns of blood borne infections such 
as Hepatitis B/C and HIV should be taken  
into consideration when dealing with suicide 
 bombers [84].

 Conclusions

At the turn of the twenty-first century, firearm 
and terror related violence has not shown 
signs of decline, and it seems the world is still 
facing a rise in casualties related to these 
mechanisms. Lots have been learnt during 
recent years about mechanisms of injury, sce-
narios of mass casualty events and treatment 
strategies. Despite this reality, principles of 
treating an isolated penetrating injury, such as 
gunshot and multiple penetrating limb  injuries, 

such as blast, are not yet part of the standard 
medical education and upbringing of the aver-
age orthopedic trauma surgeon. Keeping in 
mind that no part of the world is immune at 
this point to these devastating injuries, 
research and investigation of outcome and 
treatment strategies are in strong need, as well 
as internalization of the current knowledge 
and principles among the orthopedic and 
trauma surgeons community.
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24.1  Introduction

Traumatic bone loss has long been a challeng-
ing clinical problem. Contemporary techniques 
in the management of acute bone stabilization, 
revascularization, and soft tissue  reconstruction 
have lead to an increase in limb salvage. [1] 
The reconstruction of bone defects has numer-
ous options. Generally the management of bone 
defects can be divided into two approaches. The 
first approach involves reconstitution of a bone 
defect that has been stabilized in situ by autolo-
gous bone grafting or one of its variations. The 
second approach involves distraction osteo-
genesis. The two approaches are not mutually 
exclusive but have their relative indications and 
difficulties. Distraction osteogenesis therapy is 
generally more protracted, technically very chal-
lenging, and accompanied by high complication 
rates [2]. However, distraction osteogenesis can 
be spectacularly successful in the simultaneous 
management of soft tissue coverage, bone defect, 
and spatial deformity. Because of the complex-
ity of frame construction, pin site management, 
patient compliance, and duration of treatment, 
distraction osteogenesis procedures are perhaps 
best reserved for specialty clinics. Management 
of bone defects by skeletal stabilization, early soft 
tissue coverage and by autologous reconstruction 
utilizes implants, techniques, and resources that 
are widely available. This paper will present a 
summary of contemporary techniques that will 
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allow for the primary therapy of complex trau-
matic bone loss.

24.2  Initial Management 
of Traumatic Bone Defects

Bone defects caused by direct trauma usually are 
the result of a high energy injury and are there-
fore associated with mortality and morbidity of 
visceral or traumatic brain injury. Assessment of 
the long bone injury will determine whether the 
limb is viable and should be amputated versus 
limb salvage. Considerations for limb salvage 
are obviously complex and efforts to quanti-
tate the injury in regards to amputation such as 
the Mangled Extremity Severity Scale (MESS) 
or the Orthopaedic Trauma Association Limb 
Evaluation and Assessment Protocol (LEAP) 
are often helpful but not definitive [3, 4]. Limb 
salvage requires a limb in which vascularity can 
be reestablished, adequate neurologic function 
in terms of sensation and motor, viable muscle – 
tendon groups, and soft tissues – bone injury 
in which sepsis can be ultimately ablated. The 
actual extent of bone loss that limits limb salvage 
has yet to be defined regardless of reconstruction 
technique. In addition to the biological factors, 
the patient’s psychosocial systems need to be 
evaluated as reconstruction and limb salvage is 
a relatively long process possibly requiring mul-
tiple surgical interventions, medical therapies, 
rehabilitation, and patient compliance.

The initial management of a limb deemed 
suitable for limb salvage will consist of emergent 
resuscitation of the patient. Priority for reestab-
lishing hemodynamic stability and managing the 
closed head injury component will frequently 
preclude definitive skeletal stabilization. The 
concept of “damage control orthopaedics” has 
recently emerged in which spanning external fix-
ation or unreamed intramedullary nailing is expe-
diently performed to limit the anesthetic time and 
reduce pulmonary exposure to medullary canal 
contents in severely injured patients [5]. When 

performed under these circumstances, pin sites 
and implants should be chosen to allow for sub-
sequent definitive fixation and stabilization of 
the bone defect. Conversion to definitive fixa-
tion should be performed as soon as feasible to 
minimize potential septic seeding from external 
fixation pin sites – generally less than 10 days. 
Stabilization of open fractures with intramedul-
lary nails has been validated to be acceptable 
in terms of infection risk [6]. In general, locked 
intramedullary stabilization of a diaphyseal and 
some metaphyseal defects is preferred as length, 
rotation, and axial alignment can be reestab-
lished and maintained in a single procedure. The 
IM nail allows for immediate rehabilitation of 
the limb in near anatomic position. In addition, 
the IM nail has the biomechanical advantages 
of strength and symmetric load sharing in com-
parison to plates. The locked plate is a relatively 
recent development which allows for improved 
mechanical stability in situations of poor bone 
quality, bone defect or comminution, and articu-
lar fracture patterns associated with metaphy-
seal or diaphyseal extension. Plate fixation can 
be performed with minimal exposure to provide 
stable bridging constructs for the management of 
bone defects. If a limb requires vascular repair, 
plate or IM nail fixation needs to be coordinated 
with the vascular reconstruction to provide a sta-
ble environment for the repair as well as utilize 
the surgical exposure if indicated. An essential 
early step in the management of a bone defect 
is the initial debridements of bone and soft tis-
sue. The initial debridements are likely to reduce 
the septic burden and re-establish soft tissue 
viability in the shortest time. The principles of 
debridement are well established and consist of 
excision and removal of nonviable osseous and 
soft tissues. Serial debridements are frequently 
required to discern borderline tissues on a clini-
cal basis. The decision of implant and technique 
is therefore dictated by patient hemodynamic and 
neurologic status, concomitant vascular repair, 
tissue and bone debridement, and soft tissue cov-
erage Initial management of the bone defect is 
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directed at managing the dead space of the defect 
in preparation for soft tissue coverage and bone 
reconstitution. During debridements, the defect 
can be provisionally managed with commer-
cially available PMMA-antibiotic beads or sur-
geon fabricated PMMA-antibiotic spacers. The 
PMMA-antibiotic beads or PMMA-spacers can 
be serially exchanged during debridements to 
aide in reducing deep sepsis and has been well 
described [7].

In summary, the initial phase consists of 
patient resuscitation with provisional or possibly 
definitive fixation of the skeletal defect. This is 
combined with establishment of a sterile bone 
defect and clean wound by surgical debridement 
and soft tissue wound care. The time line would 
be days 1–3.

24.3  Skeletal Fixation and Soft 
Tissue Coverage

If the limb has been treated with spanning exter-
nal fixation, conversion to IM nail or plate 
implant can be performed – ideally within 7 days. 
Soft tissue coverage should be obtained either by 
wound closure, wound V.A.C therapy, or local/
free flap coverage. Early soft tissue reconstitution 
aids in the prevention of deep sepsis as well as 
preparing an environment advantageous for bone 
grafting. The bone defect can be managed either 
primarily with early bone grafting or vascular-
ized bone transfer. However, the cultivation of an 
“induced membrane” has clinical and basic sci-
ence advantages for delaying definitive autolo-
gous bone transfer into segmental defects for a 
period of 4–6 weeks [8, 9].

Conversion from spanning external fixation or 
provisional stabilization to definitive implant 
fixation should restore the limb to near anatomic 
length, axial alignment, and rotation. The defini-
tive implant should have sufficient mechanical 
properties to function during the duration of bone 
reconstitution. With early restoration and mainte-
nance of the limb in anatomic position, patient 

comfort, rehabilitation, and function is greatly 
enhanced – a distinct advantage over distraction 
osteogenesis.

The keystone step during the Interim 
Management Phase is perhaps the reestablish-
ment of an environment amenable to successful 
bone grafting. Animal studies and clinical studies 
indicate that a biologically active membrane that 
facilitates bone regeneration can be induced by 
the temporary implantation of a PMMA cement 
spacer. Histological, immunohistochemical, and 
biochemical assay in animal models demonstrate 
that by 4–6 weeks, a fibrous, highly vascular-
ized, growth factor rich encapsulating membrane 
has encapsulated about the PMMA spacer. At 
4–6 weeks postimplantation, vascular endothe-
lial growth factor (VEGF), transforming growth 
factor (TGF-beta), and bone morphogenetic 
protein- 2 (BMP-2) are at peaking levels within 
the membrane [10]. Autologous bone techniques 
may therefore optimally performed at 4–6 weeks 
post-PMMA spacer implantation. The technique 
is easily performed. PMMA cement is prepared 
and a tubular or appropriately shaped spacer 
is fabricated to span the defect and overlap the 
native bone ends. Antibiotic cement can be uti-
lized as an adjunct to around the bone defect 
to prevent deep sepsis. Commercial antibiotic- 
PMMA mixtures that are available for primary 
total joint arthroplasty can be utilized (Biomet, 
Warsaw IN, Zimmer, Warsaw, IN, and Stryker, 
Mahwah, NJ). The surgeon, however, can prepare 
PMMA with higher amounts of added heat stable 
antibiotic to produce a bactericidal spacer [11].

In summary, the interim phase consists of 
obtaining: (1) early definitive internal fixation to 
stabilize the bone defect and limb in near ana-
tomic alignment, and (2) preparation of a sterile 
osteogenic defect for osseous regeneration. A 
stable soft tissue environment is reestablished by 
wound closure or flap coverage if needed. In 
many cases, an induced membrane is formed by 
the temporary implantation of bulk PMMA with 
planned autologous grafting at approximately 4 
weeks.
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24.4  Bone Defect Reconstitution

Autologous bone grafting remains the gold stan-
dard in the reconstitution of bone defects. 
Autograft is the only material that provides 
osteogenic cells (osteocytes, osteoblasts, marrow 
stem cells), osteoconductive matrix (inorganic 
mineral), and osteoinductive molecules (BMPs, 
transforming growth factor-beta, vascular endo-
thelial growth factor, and others) [12]. There are 
many techniques described for bone graft harvest 
including iliac graft harvest, local cancellous 
bone harvest, bone marrow aspirations and con-
centration, vascularized fibula, and most recently 
intramedullary canal harvest (Reamer Irrigator 
Aspirator-Synthes, Inc., West Chester, PA) [13–
17]. In addition to autologous bone harvest, there 
are commercially available sources for recombi-
nant osteoinductive bone morphogenetic proteins 
(BMP-7/OP01 and BMP-2). Alternatively, a 
spacer can be used in special indications, e.g., 
spine fractures (Fig. 24.1).

The primary limiting factor in autologous 
bone transplant has been reported morbidity and 
complications associated with the harvest site as 
well as adequate volume for large defects. With 
defects of 2 cm or less, traditional anterior iliac 

crest bone graft is usually sufficient as 5–72 ml 
can be harvested [13]. Larger defects can still be 
grafted with iliac crest by multiple harvest sites 
such as the contra lateral site or use of the poste-
rior iliac crests with amounts of 25–90 ml be 
obtained [13]. In addition, the use of a small ace-
tabular reamer may result in less donor site pain 
and larger volume of graft [14].

The most recent development in autologous 
harvest techniques is the intramedullary canal 
harvest. A recent review confirms that the use of 
the Reamer Irrigator Aspirator (RIA) in a single 
pass reaming of the femur produces significant 
amounts of bone graft (25–90 ml) with low rates 
of complications and postoperative pain [13]. 
While the rate of complication is lower than that 
described in conventional iliac harvest, iatrogenic 
femur fracture has occurred. In addition, studies 
of RIA harvest material suggest that it is rich in 
growth factors, viable cells, and morselized tra-
becular bone [15]. The RIA harvest can thus be 
considered biologically equivalent to iliac graft. 
The bone marrow harvest, however, lacks any 
structural properties that can be achieved with tri-
cortical iliac harvest.

In addition to autologous bone graft, bone 
graft substitutes can be utilized to augment the 

a b

Fig. 24.1 (a) Thoracic spine burst fracture of T6 with 
corpectomy and stabilization of body with titanium mesh 
gauge and small fragment plate. Spinal cord is exposed. 
(b) PLA membrane is fabricated to form posterior wall 

following corpectomy of T6. Mixture of autologous bone 
from vertebral body fracture and DBM putty is grafted in 
cage as well as anterior to the membrane which protects 
cord from bone graft spillage into spinal canal

R.P. Meinig and H.-C. Pape
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autograft harvest. Bone graft substitutes include 
osteoconductive materials such as synthetic tri-
calcium phosphates, calcium sulfates, and coral. 
These materials are fabricated as granules, 
blocks, strips, putties, and pastes. However, the 
efficacy of these materials as stand-alone graft 
in segmental defects is unknown [18]. Similarly, 
there are currently at least 40 commercial prep-
arations of Demineralized Bone Matrix (DBM). 
DBM is an acid extract of human cadaveric 
bone consisting largely of type I collagen and 
other acid stable proteins including bone mor-
phogenetic proteins. The osteoinductive content 
of the DBM is low and subject to the variables 
of donor biological activity, processing, and 
carrier [16]. The osteoconductive properties of 
the various commercial DBMs relate to carrier 
chemistry, adjunctive inorganic additives such 
as cadaveric cancellous bone or synthetic min-
eral. At present there are no prospective studies 
proving the benefits of DBM for the reconstruc-
tion of segmental bone defect. The primary use 
of DBM may be as an extender for autologous 
bone harvests such as intramedullary reaming 
harvest, cancellous bone, or marrow aspirates 
and concentrates [16]. The role of recombinant 
bone morphogenetic proteins in bone defect 
reconstruction continues to evolve [19]. The 
high cost, carrier  characteristics,  biological 
activity and mechanical qualities of available 
commercial BMP preparations limit its use at 
present mainly to small cortical defects and 
acute open tibia fractures.

There are numerous options for the applica-
tion of the autologous bone graft. Defects up to 
29 cm have been successfully grafted using the 
induced membrane technique as described 
recently by Masquelet [9]. At 4–6 weeks post- 
PMMA block implantation, the block is removed 
by longitudinally incising the encapsulating 
membrane. Autologous bone in the form of iliac 
graft or RIA bone marrow harvest, or autologous 
bone-bone substitute or autologous bone- 
allograft mixture is then used to fill the resulting 
cavity. A defect stabilized with an intramedul-
lary nail will require less bone graft volume than 

defects stabilized with external fixation or plate 
constructs. A resorbable polylactide membrane 
can also be used to shape and contain the graft 
for applications such as the distal tibia and 
femur. In addition, resorbable membranes can be 
used to contain the graft in applications near the 
spinal cord, interosseous membrane of the fore-
arm, or other applications where the reconstruc-
tion needs to be precisely configured [20]. The 
polymeric membrane may be used where bone 
grafting is done primarily such as the recon-
struction of an unstable thoracic burst fracture 
where cancellous bone graft is combined with a 
titanium vertebral reconstructions cage and a 
posterior vertebral body wall is fabricated by 
molding a polymer membrane (Fig. 24.1). 
Another technique for applying autograft is the 
use of cylindrical titanium cages to form a 
weight bearing diaphysis. In this technique, tita-
nium mesh cages that are typically used in spinal 
vertebral reconstructions are fashioned to bridge 
the defect which has been stabilized with an 
intramedullary nail. The cage is packed with 
cancellous bone and the cage–host bone margins 
are autografted to create a construct which has 
considerable immediate mechanical stability 
[21].

In summary, Phase III consists of bone recon-
stitution of the defect with an autologous bone 
graft. The autologous bone graft can consist of 
harvested iliac crest, intramedullary reaming har-
vests, or combinations of autogenous materials 
with synthetic bone substitutes or allograft mate-
rials. The stabilized defect can be prepared with 
the formation of an induced membrane, or 
bridged with a resorbable polylactide membrane 
or titanium mesh cage. Alternatively, Ilizarov 
distraction osteogenesis can be used, as shown in 
the case example (Fig. 24.2).

Because of adequate mechanical stability 
from the internal fixation construct, functional 
rehabilitation can be instituted very early in the 
clinical course of limb salvage and bone defect 
reconstruction. The three phase algorithm incor-
porates surgical techniques and implants that are 
widely available.
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Fig. 24.2 (a, b) Injury film of open grade IIIb tibia and 
fibula fracture. (c) AP radiograph post op following 
debridement of diaphyseal bone segment, IM nailing, and 
wound closure by local flap. (d) Soft tissue status after 

placement of the Ilizarov distraction device. (e) 
Radiographic evidence of regeneration following Ilizarov 
transport. (f, g) Radiograph at 4 months after bone 
transport
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25.1  Introduction

Skin and soft tissue infections (SSTIs) span a 
broad spectrum of clinical entities from limited 
cellulitis or small abscess to rapidly progressive 
necrotizing fasciitis, which may be associated 
with septic shock or toxic shock syndrome [1–5]. 
Severe and complicated SSTIs may result in criti-
cal illness and require management in the inten-
sive care unit [6]. The complex interplay of 
environment, host, and pathogen are important to 
consider when evaluating SSTIs and planning 
therapy. The key to a successful outcome in car-
ing for patients with severe SSTIs is (1) early 
diagnosis and differentiation of necrotizing vs. 
non-necrotizing SSTI, (2) early initiation of 
appropriate empiric broad-spectrum antimicro-
bial therapy with consideration of risk factors for 
specific pathogens, (3) “source control,” that is, 
early aggressive surgical intervention for drain-
age of abscesses and debridement of necrotizing 
soft tissue infections, and (4) pathogen identifica-
tion and appropriate de-escalation of antimicro-
bial therapy (Table 25.1).

25.2  Classification of SSTIs

The US Food and Drug Administration (FDA) 
previously classified SSTIs into two broad cate-
gories for the purpose of clinical trials evaluating 
new antimicrobials for the treatment of SSTIs: 
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uncomplicated and complicated (Table 25.2). 
Uncomplicated SSTIs include superficial infec-
tions such as cellulitis, simple abscesses, impe-
tigo, and furuncles. These infections can be 
treated by antibiotics and/or surgical incision for 
drainage of abscess alone. In contrast, compli-
cated SSTIs include deep soft tissue infections 

that require significant surgical intervention, such 
as infected ulcers, infected burns, and major 
abscesses, and these patients also have significant 
underlying comorbidities, that is, disease states 
which complicate (and usually delay) response to 
treatment. Complicated SSTIs are a significant 
clinical problem, in part related to the increasing 
resistance of infecting bacteria to our current 
antibiotic therapies.

Uncomplicated SSTIs are associated with low 
risk for life- or limb-threatening infection. 
These patients can be treated with empiric 
antibiotic therapy according to likely patho-
gen and local resistance patterns.

Complicated SSTIs are associated with high risk 
for life- or limb-threatening infection. In these 
patients, it is of paramount importance to initi-
ate appropriate and adequate broad-spectrum 
initial empiric antimicrobial therapy with cov-
erage for MRSA and to consider the need for 
surgical intervention for abscess drainage or 
debridement.

Patients with complicated SSTIs require hos-
pitalization for treatment. Specific circumstances 
that warrant hospitalization include the presence 
of tissue necrosis, sepsis, severe pain, altered 
mental status, immunocompromised state, and 
organ failure (respiratory, renal, and hepatic). 
SSTIs can lead to serious potentially life- 
threatening local and systemic complications. 
The infections can progress rapidly and early rec-
ognition and proper medical and surgical man-
agement is the cornerstone of therapy. A recent 
prospective observational US study of compli-
cated SSTI patients (n = 1033) determined that 
the mean length of hospital stay was 7.1 days, 
41.2 % underwent surgical procedures related to 
the study infection, the most common class of 
initial intravenous antibiotic prescribed was van-
comycin, and the hospital mortality rate was 
0.4 % [7]. In contrast, a similar study in Europe 
reported mean hospital length of stay of 18.5 days 
with a mortality rate of 3.4 % [8].

In October 2013, FDA changed the SSTI ter-
minology and issued final guidance for the treat-
ment of acute bacterial skin and skin structure 
infections (ABSSSI) [9]. This guidance defined 

Table 25.1 Steps in optimal management of patients 
with severe SSTIs

1.  Early diagnosis and differentiation of necrotizing vs. 
non-necrotizing SSTI

2.  Early initiation of appropriate empiric broad- 
spectrum antimicrobial therapy with anti-MRSA 
coverage and consideration of risk factors for 
specific pathogens

3.  “Source control” of SSTI (i.e., early aggressive 
surgical intervention for drainage of abscesses and 
debridement of necrotizing soft tissue infections)

4.  Pathogen identification and appropriate de-escalation 
of antimicrobial therapy

Table 25.2 Comparison of old and new classification of 
SSTIs by FDA

Uncomplicated Complicated
  Superficial infections, 

such as:
   Simple abscesses
   Impetiginous lesions
   Furuncles
   Cellulitis
  Can be treated by 

antibiotics or surgical 
incision alone

  Deep soft tissue, such 
as:

   Infected ulcers
   Infected burns
   Major abscesses
  Significant underlying 

disease state which 
complicates response to 
treatment

  Requires significant 
surgical intervention 
and antimicrobials

New FDA definition (October 2013):
Acute bacterial skin and skin structure infections 
(ABSSSI) defined as bacterial infection of the skin with 
a lesion size area of at least 75 cm2 (lesion size 
measured by the area of redness, edema, or induration), 
including the following:
  Cellulitis/erysipelas: A diffuse skin infection 

characterized by spreading areas of redness, edema, 
and/or induration

  Wound infection: An infection characterized by 
purulent drainage from a wound with surrounding 
redness, edema, and/or induration

  Major cutaneous abscess: An infection characterized 
by a collection of pus within the dermis or deeper 
that is accompanied by redness, edema, and/or 
induration

From: http://www.fda.gov/ohrms/dockets/98fr/2566dft.
pdf
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ABSSSI as cellulitis, erysipelas, wound infec-
tion, and major cutaneous abscess. An ABSSSI is 
defined as a bacterial infection of the skin with a 
lesion size area of at least 75 cm2 (lesion size 
measured by the area of redness, edema, or indu-
ration). The minimum area of involvement of 
75 cm2 is chosen to select patients with acute bac-
terial skin infections for which a reliable control 
drug treatment effect can be estimated for the 
conduct of new antimicrobial treatment trials. 
While the FDA generally requires two Phase III 
trials to support approval of drugs to treat acute 
bacterial skin and skin structure infections 
(ABSSSI), this guidance stated that a single 
Phase III study that is supported by additional 
independent evidence may suffice.

Patients with the following infection types can 
be enrolled in ABSSSI clinical trials:

• Cellulitis/erysipelas: A diffuse skin infection 
characterized by spreading areas of redness, 
edema, and/or induration

• Wound infection: An infection characterized 
by purulent drainage from a wound with sur-
rounding redness, edema, and/or induration

• Major cutaneous abscess: An infection char-
acterized by a collection of pus within the der-
mis or deeper that is accompanied by redness, 
edema, and/or induration

Unfortunately, this new guidance does not 
address less serious skin infections, such as 
impetigo and minor cutaneous abscess, or more 
serious infections needing more complex treat-
ment regimens, such as infections resulting from 
animal or human bites, necrotizing soft tissue 
infections, diabetic foot infection, decubitus 
ulcer infection, myonecrosis, osteomyelitis, and 
ecthyma gangrenosum.

25.3  Specific Types of SSTIs

25.3.1  Traumatic Wound Infections

A recent report from the Lower Extremity 
Assessment Project (LEAP), a multi-institutional 
prospective observational study of 545 patients 
with limb-threatening lower extremity trauma 

with 2-year follow-up at eight Level-1 trauma 
centers, documented that wound infection (34 %) 
was the most common complication in the pri-
mary amputation group, and that nonunion 
(31.5 %) and wound infection (23.2 %) were the 
most common complications in the limb salvage 
group. Furthermore, the late amputation group 
had the highest complication rate (68 %), mostly 
due to wound infection [10]. When traumatic 
wound infections occur, it is recommended to ini-
tiate early empiric broad-spectrum antibiotic 
therapy to cover methicillin-resistant S. aureus 
(MRSA) and all other potential pathogens, obtain 
wound cultures, and then tailor definitive antimi-
crobial therapy once the culture results return. In 
addition, the wound may require surgical debride-
ment to provide adequate source control.

25.3.2  Surgical Site Infections (SSIs)

SSIs are one of the most common SSTIs that 
occur in orthopedic and trauma care. SSIs are 
defined as “superficial incisional” or “deep inci-
sional” SSI based on the depth of the infection as 
defined by the Centers for Disease Control (CDC) 
and the National Healthcare Safety Network 
(NHSN) (Table 25.3).

It has recently been determined that scores 
commonly used to predict SSI in other types of 
surgery [National Nosocomial Infection 
Surveillance System (NNIS) and Study on the 
Efficacy of Nosocomial Infection Control 
(SENIC) scores] are not predictive of SSI after 
orthopedic fracture surgery [11]. A new score 
[RIOTS Composite Score includes fractures clas-
sification AO type C3 or Sanders type 4, 2 points; 
BMI < 30 kg/m2, 1 point; ASA class ≥ 3, 1 point] 
was proposed for SSI prediction in orthopedic 
fracture surgery that incorporates fracture classi-
fication, American Society of Anesthesiologists 
classification, and body mass index with area 
under the ROC curve of 0.75, significantly higher 
than NNIS and SENIC scores.

25.3.2.1  SSI Prevention
A number of SSI prevention strategies have sig-
nificantly decreased the rate of SSIs following 
orthopedic surgery and fracture repair in the past 
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decade [12]. The Surgical Care Improvement 
Project (SCIP) has implemented three measures 
for antibiotic prophylaxis for SSI prevention: (1) 
antibiotic received within 1 h prior to surgical 
incision, (2) appropriate antibiotic selection 
based on surgical procedure performed, and (3) 
antibiotic discontinued within 24 h after surgery 
completed (Table 25.4). Additional evidence- 
based strategies for SSI prevention include the 
following: (1) appropriate hair removal (clipping, 
no shaving); (2) maintenance of normothermia 
intraoperatively and perioperatively; (3) glyce-
mic control; (4) appropriate skin preparation; (5) 
supplemental oxygen administration.

25.3.2.2  Microbiology of SSIs
Staphylococcus aureus (S. aureus) is the most 
common causative pathogen for all SSIs in the 
United States data reported by the NHSN 
(Table 25.5), and an increasing percentage of 
these S. aureus isolates are methicillin-resistant 
(MRSA). Comparison of the causative pathogens 
for SSI in US hospitals documents that S. aureus 
increased from 22.5 % (1986–2003) to 30 % 

Table 25.3 CDC/NHSN classification of surgical site infections (SSIs)

Type of SSI Definition

Superficial 
incisional

Infection occurs within 30 days after the operative procedure and involves only skin and 
subcutaneous tissue of the incision and patient has at least one of the following:
(a) Purulent drainage from the superficial incision
(b)  Organisms isolated from an aseptically obtained culture of fluid or tissue from the superficial 

incision
(c)  At least one of the following signs or symptoms of infection: pain or tenderness, localized 

swelling, redness, or heat, and superficial incision is deliberately opened by surgeon and is 
culture positive or not cultured. A culture-negative finding does not meet this criterion

(d) Diagnosis of superficial incisional SSI by the surgeon or attending physician
Deep 
incisional

Infection occurs within 30 days after the operative procedure if no implanta is left in place or within 
1 year if implant is in place and the infection appears to be related to the operative procedure and 
involves deep soft tissues (e.g., fascial and muscle layers) of the incision and patient has at least one 
of the following:
(a)  Purulent drainage from the deep incision but not from the organ/space component of the surgical 

site
(b)  A deep incision spontaneously dehisces or is deliberately opened by a surgeon and is culture positive 

or not cultured when the patient has at least one of the following signs or symptoms: fever (.388 C), 
or localized pain or tenderness. A culture-negative finding does not meet this criterion

(c)  An abscess or other evidence of infection involving the deep incision is found on direct 
examination, during reoperation, or by histopathologic or radiologic examination

(d) Diagnosis of a deep incisional SSI by a surgeon or attending physician

From Horan et al. [102]
aImplant: A nonhuman-derived object, material, or tissue (e.g., prosthetic heart valve, nonhuman vascular graft, 
mechanical heart, or hip prosthesis) that is permanently placed in a patient during an operative procedure and is not 
routinely manipulated for diagnostic or therapeutic purposes

Table 25.4 Antibiotics for SSI prevention in orthopedic 
surgery

Choice of antimicrobial agent
  Cefazolin
  If ß-lactam allergy, use clindamycin or vancomycin
  Consider preoperative screening for MRSA 

colonization
  If infected or colonized with MRSA, use 

vancomycin
Timing of administration
  Start up to 60 min before incision: Cefazolin, 

Clindamycin
  Start up to 120 min before incision: Vancomycin
  Infusion completed 10 min before tourniquet inflation
Dosing
  Cefazolin, 1–2 g (2 g for patient weighing >80 kg)
  Vancomycin (15 mg/kg) and Clindamycin (600–

900 mg) dosing based on patient mass
  Pediatric dosing based on patient mass
Duration of antimicrobial use
  Single preoperative dose
  Redose antimicrobial intraoperatively for prolonged 

procedure or significant blood loss
  Mupirocin should be given intranasally to all patients 

with documented colonization with S. aureus

Adapted from: Bratzler et al. [21]
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(2006–2007), with MRSA now the leading caus-
ative pathogen, comprising 49.2 % of all isolates 
[13, 14]. The advent of community-associated 
MRSA (CA-MRSA) has impacted SSI signifi-
cantly. Recent studies document that CA-MRSA 
is replacing traditional health care-associated or 
nosocomial MRSA strains in SSI among inpa-
tients [15]. CA-MRSA has emerged as a leading 
cause of health care-associated infections among 
patients with prosthetic joint SSIs [16].

In a study of 8302 patients readmitted to US 
hospitals from 2003 to 2007 with culture- 
confirmed SSI, the proportion of infections 
caused by MRSA increased significantly, from 
16.1 to 20.6 %, and these infections were associ-
ated with higher mortality rates, longer stays, and 
higher hospital costs [17]. In view of this impor-
tant finding, some surgeons have advocated 
strongly that patients be screened for nasal car-
riage of MRSA prior to elective surgery, with 
consideration of decolonization prior to surgery, 
and modification of antimicrobial agents for SSI 
prevention on the basis of the results.

Interestingly, when evaluating the microbiol-
ogy of SSIs related to orthopedic surgical cases, 
S. aureus comprised an even greater percentage 
of isolates (48.6 %) when compared to isolates 
reported for SSIs from all surgical cases (30 %) 
(Table 25.5). Although knowledge of national 
microbiology of SSIs related to specific surgical 
procedures is important, it is of even greater 
importance to know the microbiology of SSIs 
within your own institution, and this should help 

to guide empiric antimicrobial management for 
treatment of SSIs in your local setting. Reports of 
resistant gram-negative isolates, particularly 
multi-drug-resistant Enterobacter isolates pro-
ducing extended spectrum beta-lactamases 
(ESBLs), as the etiology of SSIs in orthopedic 
and trauma surgery is worrisome [18, 19]. This 
highlights the importance of pathogen identifica-
tion, that is, obtaining material for gram stain and 
culture, in the management of all SSIs.

25.3.3  Closed Long Bone Fractures

A Cochrane Database systematic review of 
patients undergoing surgery for proximal femoral 
and other closed long bone fractures (data from 
8447 participants in 23 studies) documented that 
single dose antibiotic prophylaxis significantly 
reduced deep incisional SSI (risk ratio 0.40, 95 % 
CI 0.24–0.67), superficial incisional SSI, urinary 
infections, and respiratory tract infections. 
Multiple dose antibiotic prophylaxis had an effect 
of similar size on deep incisional SSI. Therefore, 
appropriate antibiotic prophylaxis should be used 
in all patients undergoing surgical management 
of hip or other closed long bone fractures [20].

The recent publication of the “Clinical prac-
tice guidelines for antimicrobial prophylaxis in 
surgery” by the American Society of Health- 
System Pharmacists (ASHP), Infectious Diseases 
Society of America (IDSA), Surgical Infection 
Society (SIS), and Society for Healthcare 

Table 25.5 Causative pathogens for surgical site infections (SSI) in US hospitals 2006–2007, National Healthcare 
Safety Network

Organism

SSIs from all types of surgeries
No. (%) of SSIs
Total n = 7025

SSIs from orthopedic surgeries
No. (%) of SSIs
Total n = 963

Staphylococcus aureus
  Methicillin-sensitive (MSSA)
  Methicillin-resistant (MRSA)

2108 (30.0 %)
  1102 (50.8 %)
  1006 (49.2 %)

548 (48.6 %)

Coagulase-negative staphylococci 965 (13.7 %) 173 (15.3 %)
Enterococcus spp. 788 (11.2 %) 104 (10.8 %)
Escherichia coli 671 (9.6 %) 34 (3.0 %)
Pseudomonas aeruginosa 390 (5.6 %) 38 (3.4 %)
Enterobacter spp. 293 (4.2 %) 37 (3.3 %)
Klebsiella spp. 213 (3.0 %) 19 (2.0 %)

Adapted from Hidron et al. [14]
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Epidemiology of America (SHEA) provides 
evidence- based national recommendations [21].

The recommended regimen in hip fracture 
repair or other orthopedic procedures involving 
internal fixation is cefazolin. Clindamycin and 
vancomycin should be reserved as alternative 
agents. If there are surveillance data showing that 
gram-negative organisms are a cause of SSIs for 
the procedure, practitioners may consider com-
bining clindamycin or vancomycin with another 
agent (cefazolin if the patient is not β-lactam- 
allergic; aztreonam, gentamicin, or single-dose 
fluoroquinolone if the patient is β-lactam- 
allergic). Mupirocin should be given intranasally 
to all patients with documented colonization  
with S. aureus. (Strength of evidence for 
prophylaxis = A.)

25.3.4  Open Fractures

Antibiotics reduce the incidence of early infec-
tions in open fractures of the limbs, confirmed 
by a Cochrane Database systematic review of 
913 participants in 7 studies. The use of 

 antibiotics had a protective effect against early 
infection compared with no antibiotics or pla-
cebo (relative risk 0.41 [95 % confidence inter-
val (CI) 0.27–0.63]; absolute risk reduction 0.08 
(95 % CI 0.04–0.12); number needed to treat 
(NNT) 13 (95 % CI 8–25). There were insuffi-
cient data in the included studies to evaluate 
other outcomes [22]. The Surgical Infection 
Society evidence- based guidelines for prophy-
lactic antibiotic use in open fractures recom-
mend the use of a short course of first-generation 
cephalosporins, begun as soon as possible after 
injury, in addition to modern orthopedic fracture 
wound management (Table 25.6) [23]. Open 
fracture grade (Gustilo) and the degree of asso-
ciated soft-tissue injury are independent deter-
minants of infection risk. A recent 
single-institution review of patients with Gustilo 
IIIB tibial fractures (n = 52) determined that 
nosocomial bacterial pathogens (Enterococci, 
Pseudomonas, Enterobacter, and MRSA) were 
responsible for deep tissue infections, and advo-
cated for tailoring antimicrobial prophylaxis 
against nosocomial organisms at the time of 
definitive wound closure [24].

Table 25.6 Risk of SSTI in adult trauma patients with open extremity fractures and antimicrobial prophylaxis 
recommendations

Grade of open 
fracture Characteristics of Gustilo grade open fracture Infection rate Amputation rate

Grade I Clean wound smaller than 1 cm in diameter, simple fracture 
pattern, no skin crushing

0–2 % 0 %

Grade II A laceration larger than 1 cm but without significant soft 
tissue crushing, including no flaps, degloving, or contusion. 
Fracture pattern may be more complex

2–7 % 0 %

Grade III An open segmental fracture or a single fracture with 
extensive soft tissue injury. Also included are injuries older 
than 8 h. Type III injuries are subdivided into three types:

Grade III A Adequate soft tissue coverage of the fracture despite high 
energy trauma or extensive laceration or skin flaps

5–10 % 2.5 %

Grade III B Inadequate soft tissue coverage with periosteal stripping. 
Soft tissue reconstruction is necessary

10–50 % 5.6 %

Grade III C Any open fracture that is associated with an arterial injury 
that requires repair

25–50 % 25 %

Grade of open 
fracture Recommended antibiotic Alternate if PCN allergy

Grade I or II Kefzol 1–2 g load then 1 g IV q8h for 48 h Clindamycin 900 mg IV q8h for 48 h
Grade III Ceftriaxone 1 g IV q24h for 48 h Clindamycin 900 mg IV q8h and Aztreonam 1 g 

IV q8h for 48 h

Hauser et al. [23]; Luchette et al. [103]; Okike and Bhattachyaryya [104]; Holtom [105]; Gustilo and Anderson [106]
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25.3.5  Necrotizing Soft Tissue 
Infections (NSTIs)

NSTIs are aggressive soft tissue infections that 
cause widespread necrosis, and can include nec-
rotizing cellulitis, fasciitis, and myositis/myone-
crosis [25, 26]. Establishing the diagnosis of 
NSTI can be the main challenge in treating 
patients with NSTI, and knowledge of all avail-
able tools is the key for early and accurate diag-
nosis (Table 25.7) [27]. There have been a number 
of recent advances in the definition, pathogene-
sis, diagnostic criteria, and treatment of necrotiz-
ing soft tissue infections [28, 29].

Patients with NSTIs require prompt aggres-
sive surgical debridement, appropriate intrave-
nous antibiotics, and intensive support. Despite 
aggressive treatment, their mortality and morbid-
ity rates remain high, with some series reporting 
mortality rates of 25–35 % [30]. A high index of 
suspicion should be used in conjunction with 
laboratory and imaging studies to establish the 
diagnosis as rapidly as possible. Successful treat-
ment requires early, aggressive surgical debride-
ment of all necrotic tissue, appropriate 
broad-spectrum systemic antibiotic therapy, and 
supportive care (fluid resuscitation, organ and 
critical care support) to maintain oxygenation 
and tissue perfusion. Delayed definitive 

 debridement remains the single most important 
risk factor for death.

A recent single-institution series of 166 
patients documented that the overall mortality 
rate was 16.9 % and limb loss occurred in 26 % 
of patients with extremity involvement [31]. 
Independent predictors of mortality included 
white blood cell count greater than 30,000 × 103/
μL, creatinine level greater than 2 mg/dL 
(176.8 μmol/L), and heart disease at hospital 
admission. Independent predictors of limb loss 
included heart disease and shock (systolic blood 
pressure <90 mmHg) at hospital admission. 
Clostridial infection was an independent predic-
tor for both limb loss (odds ratio, 3.9 [95 % con-
fidence interval, 1.1–12.8]) and mortality (odds 
ratio, 4.1 [95 % confidence interval, 1.3–12.3]) 
and was highly associated with intravenous drug 
use and a high rate of leukocytosis on hospital 
admission.

A 30-day postoperative mortality risk calcula-
tor for NSTI was recently developed using the 
National Surgery Quality Improvement Project 
(NSQIP) which identified seven independent 
variables that correlated with mortality: age older 
than 60 years (odds ratio [OR] = 2.5; 95 % CI 
1.7–3.6), functional status (partially dependent: 
OR = 1.6; 95 % CI 1.0–2.7; totally dependent: 
OR = 2.3; 95 % CI 1.4–3.8), requiring dialysis 
(OR = 1.9; 95 % CI 1.2–3.1), American Society 
of Anesthesiologists class 4 or higher (OR = 3.6; 
95 % CI 2.3–5.6), emergent surgery (OR = 1.6; 
95 % CI 1.0–2.3), septic shock (OR = 2.4; 95 % 
CI 1.6–3.6), and low platelet count (<50 K/μL: 
OR = 3.5; 95 % CI 1.6–7.4; <150 K/μL but >50 K/
μL: OR = 1.9; 95 % CI 1.2–2.9). The receiver 
operating characteristic area was 0.85 (95 % CI 
0.82–0.87), which indicated a strong predictive 
model that can aid physicians in the decision- 
making process [32].

25.3.5.1  Aids to Diagnosis of NSTIs
Early operative debridement is a major determi-
nant of outcome in NSTIs. However, early recog-
nition of NSTIs is difficult clinically. A novel 
diagnostic scoring system for distinguishing 
NSTIs from other severe soft tissue infections 
based on laboratory tests routinely performed for 

Table 25.7 Clinical clues to the diagnosis of necrotizing 
soft tissue infections

Skin findings: Erythema
Tense edema
Gray or discolored wound drainage
Vesicles or bullae
Skin necrosis
Ulcers
Crepitus

Systemic 
features:

Severe pain out of proportion to 
physical findings
Pain that extends past margin of 
apparent skin infection
Fever
Tachycardia, tachypnea
Diaphoresis
Delirium
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the evaluation of severe SSTIs is called the 
Laboratory Risk Indicator for Necrotizing 
Fasciitis (LRINEC) score (Table 25.8) [33].

The LRINEC score was initially developed in 
a retrospective observational study including 145 
patients with necrotizing fasciitis and 309 patients 
with severe cellulitis or abscesses admitted to the 
two tertiary care hospitals. The cutoff value for 
the LRINEC score was 6 points with a positive 
predictive value of 92.0 % and negative predic-
tive value of 96.0 %. The LRINEC score is a 
robust score capable of detecting even clinically 
early cases of necrotizing fasciitis. The variables 
used are routinely measured to assess severe soft 
tissue infections. Patients with a LRINEC score 
of ≥6 should be carefully evaluated for the pres-
ence of necrotizing fasciitis.

Since the initial development of the LRINEC 
score, a number of other cohort studies have vali-
dated its utility in the diagnosis of NSTIs [34]. A 
multicenter study in 229 patients with NSTIs 

from 2002 to 2005 reported an overall mortality 
rate of 15.8 % and amputation rate of 26.3 %. 
This study also documented that a LRINEC score 
≥6 was associated with a higher rate of both mor-
tality and amputation [34].

25.3.5.2  Diagnostic Imaging in NSTIs
A high clinical index of suspicion is required if 
the diagnosis is to be made sufficiently early for 
successful treatment. NSTIs necessitate prompt 
aggressive surgical debridement for satisfactory 
treatment in addition to antimicrobial therapy. It 
is critical to remember that because of the rapidly 
progressive and potentially fatal outcome of this 
condition, if imaging cannot be performed expe-
ditiously, delaying treatment is not justified. Plain 
film findings may reveal extensive soft tissue gas. 
CT examination can reveal asymmetric thicken-
ing of deep fascia in association with gas, and 
associated abscesses may also be present. MR 
imaging can also assist in the diagnosis of NSTIs 
[35]. MR imaging has been documented to effec-
tively differentiate between necrotizing and non- 
necrotizing infection of the lower extremity and 
other areas of the body, but should not delay 
prompt surgical intervention in NSTIs manage-
ment [36–38].

25.3.5.3  Microbiology of NSTIs
Necrotizing fasciitis and myonecrosis are typi-
cally caused by infection with Group A strepto-
coccus, Clostridium perfringens, or, most 
commonly, aerobic and anaerobic organisms as 
part of a polymicrobial infection that may include 
S. aureus. In case series, CA-MRSA has recently 
been described as a predominantly monomicro-
bial cause of necrotizing fasciitis [39, 40]. A ret-
rospective review of patients presenting with 
necrotizing fasciitis between 2000 and 2006 indi-
cated that MRSA was the most common patho-
gen, accounting for one-third of the organisms 
isolated [41].

NSTIs have been classified into two types, 
either polymicrobial (Type I) or monomicrobial 
(Type II). Polymicrobial infections are more 
common, due to both aerobic and anaerobic 
organisms, and commonly occur in the trunk and 

Table 25.8 Laboratory risk indicator for necrotizing  
fasciitis (LRINEC) score

Variable, units Score

C-reactive protein, mg/L
  <150 0
  ≥150 4
Total white cell count, per mm3

  <15 0
  15–25 1
  >25 2
Hemoglobin, g/dL
  >13.5 0
  11–13.5 1
  <11 2
Sodium, mmol/L
  ≥135 0
  <135 2
Creatinine, μmol/L
  ≤141 0
  >141 2
Glucose, mmol/L
  ≤10 0
  >10 1

The maximum score is 13; a score ≥6 should raise the 
suspicion of necrotizing fasciitis and a score of ≥8 is 
strongly predictive of this disease
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perineum. NSTIs that are monomicrobial in ori-
gin commonly occur in the limbs and are typi-
cally caused by infection with Group A 
streptococcus, Clostridium perfringens, or S. 
aureus. NSTIs are categorized into these two spe-
cific types based on the microbiologic etiology of 
the infection, and this classification does impact 
on the specific antimicrobial agents required for 
treatment of these NSTIs.

• Type 1, or polymicrobial
• Type 2, or monomicrobial

Increasingly, MRSA has been identified as the 
causative microbe in NSTIs, but a separate 
 category for this NSTI does not currently exist 
[42–46]. Given this finding, anti-MRSA empiric 
antimicrobial therapy should be initiated in all 
patients with NSTIs and pathogen-directed anti-
microbial therapy considered once tissue culture 
results are available.

Uncommon microbiologic causes of NSTIs 
and primary sepsis include Vibrio and 
Aeromonas species, virulent gram-negative bac-
teria, and members of the Vibrionaceae family 
that thrive in aquatic environments [47]. These 
NSTIs are likely to occur in patients with hepatic 
disease, diabetes, and immunocompromised 
conditions [48]. These organisms are found in 
warm sea waters and are often present in raw 
oysters, shellfish, and other seafood. The diag-
nosis of Vibrio NSTIs should be suspected when 
a patient has the appropriate clinical findings 
and a history of contact with seawater or raw 
seafood [49]. Early fasciotomy and culture-
directed antimicrobial therapy should be aggres-
sively performed in those patients with 
hypotensive shock, leukopenia, severe hypoal-
buminemia, and underlying chronic illness, 
especially a combination of hepatic dysfunction 
and diabetes mellitus. The rate of amputation 
and mortality is very high in these patients, and 
early definitive management is of paramount 
importance [50–52].

A recent study of 125 patients identified that a 
LRINEC score of 2 or greater and the presence of 
hemorrhagic bullous/blistering lesions in patients 

with Vibrio vulnificus SSTI are associated with 
an 11.9-fold increased risk for the presence of 
NSTI and necrotizing fasciitis [53].

25.3.6  Pyomyositis

Myositis is a rare infection that may lead to serious 
and potentially life-threatening local and systemic 
complications [54]. The infection can progress 
rapidly, and early recognition and proper medical 
and surgical management is therefore the corner-
stone of therapy. With the increasing prevalence of 
community-associated MRSA as a pathogen in 
severe SSTIs, pyomyositis is more common than 
in past years. Myositis often occurs in muscle sites 
that have been compromised by injury, ischemia, 
malignancy, or surgery. The predominant patho-
gens are S. aureus, Group A streptococci (GAS), 
gram-negative aerobic and facultative bacilli, and 
the indigenous aerobic and anaerobic cutaneous 
and mucous membranes local microflora.

CT scan imaging is a rapid and sensitive diag-
nostic test and commonly demonstrates diffuse 
enlargement of the involved muscle and may 
demonstrate the presence of fluid or gas collec-
tions within the muscle suggesting the presence 
of abscesses. MRI is more sensitive in showing 
early inflammatory changes prior to development 
of abscesses in myositis [55]. Emergency surgi-
cal exploration is warranted in order to define the 
nature of the infective process which is accom-
plished by direct examination of the involved 
muscles. Surgical intervention is required to per-
form appropriate abscess drainage and debride-
ment and to also evaluate for necrotizing myositis. 
Fasciotomies and extremity amputation are 
sometimes necessary.

25.3.7  Osteomyelitis

Bone and joint infections are challenging to diag-
nose and treat [56]. The key to successful man-
agement is early diagnosis. The recommended 
algorithm for diagnosis and treatment of acute 
osteomyelitis is presented in Fig. 25.1. Bone 
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Symptoms suggestive
of acute osteomyelitis

Serum CRP, ESR, blood culture,
and plain radiograph

Elevated CRP or
ESR, or abnormal

radiograph?

High suspicion of
osteomyelitis

No No

No

No

No

No

No

No

No

No

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Observation, repeat CRP
and ESR next day

Elevated CRP or ESR?

Consider other diagnosis
or discharge

Repeat examinations

MRI, bone scan, CT,
bone biopsy, or all

MRI, bone scan,
or CT suggestive
of osteomyelitis?

Positive cultures from
blood or bone?

Intravenous antibiotic
Neonate or immunodeficient patient

Antibiotic-resistant
or atypical agent?

Check suitability
of antibiotic,

switch if needed

Abscess or complicated
disease?

Clinical
improvement

and decrease in
CRP in 2–4

days?

MRSA?

Same high-dose
antibiotic orally

Intravenous antibiotic
treatment tailored

to individual patient
Total antibiotic treat-

ment, usually 4–6 week

Treatment tailored
to individual patient

Evaluate need for surgery

Prolonged intravenous antibiotic
Consider repeat imaging to rule

out complications

Switch to oral antibiotic treatment
if signs of clinical improvement

and decrease in CRP

Extended oral antibiotic treatment
Discontinue after most signs show

clinical improvement and CRP
normalized

CRP normalized
by day 20?

Discontinue antibiotic
Total antibiotic treat-
ment, approximately

3 week

Evaluation

Treatment

Fig. 25.1 Diagnosis and treatment of acute osteomyelitis (Reprinted from Peltola and Pääkkönen [100])
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sampling may be required for microbiological 
and pathological examination to allow targeted 
appropriate antimicrobial therapy. There are 
three types of acute osteomyelitis (in order of 
decreasing frequency):

 1.  Osteomyelitis secondary to a contiguous 
focus of infection (after trauma, surgery, or 
insertion of a joint prosthesis)

 2.  Osteomyelitis secondary to vascular insuffi-
ciency (in diabetic foot infections or periph-
eral vascular disease)

 3.  Osteomyelitis secondary to hematogenous 
origin

The rate of osteomyelitis following severe 
limb-threatening lower extremity trauma reported 
in the LEAP study was 9.4 % in the total study 
cohort of 330 patients. The rates of osteomyelitis 
ranged from 3.1 % in the primary amputation 
group to the highest rate of 27.3 % in patients 
with Grade IIIC tibia fracture [57].

Acute osteomyelitis is treated with antibiotics 
and careful assessment of any associated wound 
to determine if the soft tissue and wound require 
infection source control by surgical debridement. 
In contrast, chronic osteomyelitis is associated 
with avascular necrosis of bone and formation of 
sequestrum (dead bone), and surgical debride-
ment is necessary for cure in addition to antimi-
crobial therapy, with 6 weeks of parenteral 
antibiotic therapy recommended. However, oral 
antibiotics that achieve adequate levels in bone 
are now available, and similar cure rates have 
been achieved with oral and parenteral antimicro-
bial therapies [58].

25.3.8  Microbiology of Osteomyelitis

The most common pathogenic microorganism in 
any type of osteomyelitis is S. aureus, either 
 susceptible (MSSA) or resistant (MRSA) to 
 methicillin and coagulase-negative staphylococci 
are common in foreign-body-associated 

 osteomyelitis. The ability of S. aureus to adhere 
is thought to be crucial for the early colonization 
of host tissues and implanted biomaterials.

25.4  Four Important Steps in SSTI 
Treatment

 1.  Early diagnosis and differentiation of necro-
tizing vs. non-necrotizing SSTI

A classification for SSTIs that is commonly used 
is the differentiation of necrotizing soft tissue 
infections (NSTIs) from non-necrotizing infec-
tions. This differentiation is critical since necro-
tizing infections warrant prompt aggressive 
surgical debridement. Clinical clues to the diag-
nosis of NSTIs are listed in Table 25.7. The dif-
ferentiation of necrotizing infections from 
non-necrotizing infections is critical to achieving 
adequate surgical therapy [59]. A clear approach 
to these infections must allow rapid identification 
and treatment of NSTIs because they are limb- 
threatening and life-threatening.

When clinical “hard clinical signs” (bullae, 
crepitus, gas on x-ray, hypotension with SBP 
<90 mmHg, or skin necrosis) of NSTI are pres-
ent, establishing the diagnosis of NSTI is not dif-
ficult. However, hard signs of NSTIs are often 
absent on presentation, thus potentially delaying 
diagnosis and surgical intervention. Studies have 
documented that less than 50 % of patients with a 
definitive diagnosis of NSTI presented with “hard 
clinical signs” of NSTI [60]. Admission white 
blood cell count >15,400 × 109/L and/or serum 
sodium <135 mEq/L was documented to help dif-
ferentiate NSTI from non-NSTI and aided in 
early diagnosis [61, 62]. The Laboratory Risk 
Indicator for Necrotizing Fasciitis (LRINEC) 
score is also helpful as a laboratory aid in distin-
guishing necrotizing from non-necrotizing SSTIs 
(see NSTI section above).

If there is any question regarding the possible 
diagnosis of a NSTI, it is imperative to proceed 
with surgical intervention and to be certain that 
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the surgical incision is continued down to the fas-
cial and muscle level to make a definitive 
diagnosis.

 2.  Early initiation of appropriate empiric broad- 
spectrum antimicrobial therapy with 
 anti- MRSA coverage and consideration of 
risk factors for specific pathogens

Antimicrobial therapy is an essential element 
in the management of severe SSTIs. As in all 
serious life-threatening infections, it is important 
to initiate early and appropriate empiric antimi-
crobial therapy. It is well established that prompt 
appropriate treatment of hospitalized infections 
reduces mortality [63]. Similar findings were 
reported in studies of patients with ventilator- 
associated pneumonia [64] and sepsis [65]. A 
study of ICU patients found that the higher mor-
tality rate associated with inappropriate initial 
therapy is still observed when antibiotics are 
switched from an inappropriate to an appropriate 
treatment [66].

Furthermore, appropriate and timely antibi-
otic therapy improves treatment outcomes for 
SSTIs caused by methicillin-resistant 
Staphylococcus aureus (MRSA) [67]. In a study 
of 492 patients with community-onset MRSA 
SSTIs, 95 % of episodes treated with an active 
antibiotic within 48 h were treated successfully, 
compared with an 87 % rate of successful treat-
ment in patients who did not receive an active 
antibiotic (P = 0.001). In logistic regression anal-
ysis, failure to initiate active antimicrobial ther-
apy within 48 h of presentation was the only 
independent predictor of treatment failure 
(adjusted OR, 2.80; 95 % CI, 1.26–6.22; 
P = 0.011). Similarly, in a study of patients admit-
ted to the hospital with MRSA sterile-site infec-
tion, multivariate analysis found inappropriate 
antimicrobial treatment to be an independent risk 
factor for hospital mortality (adjusted OR, 1.92; 
95 % CI, 1.48–2.50; P = 0.013) [68].

An empiric treatment algorithm for SSTI 
directed against CA-MRSA in the emergency 
department that promotes both the use of antibi-
otics likely active against CA-MRSA and early 
incision and drainage of abscesses was  examined. 

Clinical failure occurred in only 3 % of cases 
treated according to the algorithm, compared 
with 62 % of those not treated according to the 
algorithm (p < 0.001). Furthermore, among cases 
that underwent immediate incision and drainage, 
initial treatment with antibiotics active in vitro 
against the MRSA isolate was associated with a 
decreased clinical failure rate when compared to 
those treated with inactive antibiotics 0 % vs. 
67 %, p < 0.001) [69].

Empiric antibiotic therapy should be initiated 
in all patients with cSSTIs. Intravenous broad- 
spectrum antimicrobial therapy should be initi-
ated when an infection is severe or progresses 
rapidly, when there are signs of systemic illness, 
when the patient has comorbidities or is immuno-
suppressed, for very old or young patients, when 
an abscess cannot be completely drained, and 
when the infection does not respond to incision 
and drainage [70].

Timely initiation of antimicrobial therapy is 
also important in the treatment of severe SSTIs, 
particularly if associated with septic shock [71, 
72]. In a study of 2731 adult patients with septic 
shock, a strong relationship between the delay in 
effective antimicrobial initiation and in-hospital 
mortality was noted (adjusted odds ratio 1.119 
[per hour delay], 95 % confidence interval 1.103–
1.136, p < .0001) [73]. Administration of an anti-
microbial effective for isolated or suspected 
pathogens within the first hour of documented 
hypotension was associated with a survival rate 
of 79.9 %. Each hour of delay in antimicrobial 
administration over the ensuing 6 h was associ-
ated with an average decrease in survival of 
7.6 %. By the second hour after onset of persis-
tent/recurrent hypotension, in-hospital mortality 
rate was significantly increased relative to receiv-
ing therapy within the first hour (odds ratio 1.67; 
95 % confidence interval, 1.12–2.48). In multi-
variate analysis (including Acute Physiology and 
Chronic Health Evaluation II score and therapeu-
tic variables), time to initiation of effective anti-
microbial therapy was the single strongest 
predictor of outcome. Interestingly, only 50 % of 
septic shock patients received effective antimi-
crobial therapy within 6 h of documented 
hypotension.
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25.4.1  Epidemiology 
and Microbiology of SSTIs

An understanding of the changing epidemiology 
and microbiology of all SSTIs is required for 
diagnosis and selection of appropriate empiric 
antibiotic therapy. Staphylococci and strepto-
cocci have long been the leading microbiologic 
causes of cSSTIs [74]. In recent years, however, 
S. aureus has emerged as the most common cause 
of SSTIs. In addition to Group A streptococci and 
S. aureus, the indigenous aerobic and anaerobic 
cutaneous and mucous membranes local micro-
flora usually is responsible for polymicrobial 
infections, such as NSTIs and diabetic foot infec-
tions. Severe SSTIs can also be due to Clostridium 
spp., microorganisms associated with water 
sources (Vibrio spp., Aeromonas), and polymi-
crobial/mixed infections.

Community-associated MRSA (CA-MRSA) 
infections have risen rapidly in the last decade, 
and SSTIs are the predominant site of infection, 
accounting for 74 % of all CA-MRSA infections 
in one study [75]. A 15-year study of the chang-
ing epidemiology of MRSA infections from 
military medical facilities in San Diego from 
1990 to 2004 documented that 65 % of MRSA 
infections were community-acquired, with 
SSTIs as the major site of infection in 95 % of 
cases [76].

MRSA was the most commonly identifiable 
cause of SSTI presenting to EDs in a prospective 
multicenter US study. S. aureus was isolated 
from 320 (76 %) of 422 patients with SSTI. The 
prevalence of MRSA was 59 % overall and 
ranged from 15 to 74 % by ED. Pulsed-field type 
USA300 accounted for 97 % of MRSA isolates; 
72 % of these were a single indistinguishable 
strain (USA300-0114). SCCmec type IV and the 
Panton-Valentine leukocidin toxin gene were 
each detected in 98 % of MRSA isolates. Among 
methicillin-susceptible S. aureus isolates, 31 % 
were USA300 and 42 % contained PVL genes 
[77]. The spectrum of skin infections caused by 
CA-MRSA is wide and can range from simple 
cutaneous abscesses to large abscesses, severe 
pyomyositis, and fulminant necrotizing soft tis-
sue infections [43, 78–81].

Importantly, since its emergence in 2000, epi-
demic spread of the MRSA clone USA300 has 
led to a high burden of SSTIs in the United States 
and is strongly correlated with MRSA blood-
stream infection. It has been concluded that 
USA300 SSTIs serve as a source for bloodstream 
infection given that isolates from concurrent 
SSTI were the same genotypically as the USA300 
isolates that caused bloodstream infections [82]. 
Given this important findings, it is imperative to 
provide prompt and definitive source control and 
antimicrobial therapy for CA-MRSA SSTIs in all 
patients.

MRSA has also been identified as the most 
common cause of severe SSTIs requiring surgical 
drainage and debridement in a single-center 
7-year study from Houston [83]. From 2000 to 
2006, 288 patients with SSTIs that required oper-
ative debridement were identified. The most 
common microorganism retrieved from intraop-
erative cultures was S. aureus, 70 % of which 
were MRSA. Streptococcus species accounted 
only for 15 % of microbes isolated. Monomicrobial 
etiology was identified in 67 % of patients and 
MRSA was also the predominant microbe iso-
lated from such cultures (68 %). The frequency 
of MRSA isolates increased significantly during 
the study from 34 % in the year 2000 to 77 % in 
the year 2006, p < 0.001). Interestingly, the exam-
ination of vancomycin MIC demonstrated a shift 
for MRSA isolates over this time period, with 
38 % of the isolates having an MIC ≥1 μg/mL, 
with 31 % of isolates with MIC = 2 μg/mL. This 
is concerning given recent reports documenting 
high treatment failure rates for MRSA infections 
with increased MIC [84, 85].

In a study of 12,506 patients with culture- 
proven skin, soft tissue, and bone or joint infec-
tion in hospitalized patients, S. aureus caused 
infection in 54.6 % of patients and 28.0 % of the 
S. aureus isolates recovered were methicillin- 
resistant. Health care–associated infections and 
complicated SSTIs were associated with signifi-
cantly higher mortality rates, longer and more 
costly length of hospital stay [86].

Based on this change in microbiologic etiol-
ogy of SSTIs, all patients who present with or 
develop severe cSSTIs should be treated with 
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broad-spectrum antimicrobial therapy, including 
mandatory coverage for MRSA. Patients who 
present to the hospital with severe infection or 
infection progressing despite antibiotic therapy 
should be treated aggressively. In these cases, if S 
aureus is cultured, the clinician should assume 
the organism may be resistant and should treat 
with agents effective against MRSA, such as van-
comycin, linezolid, or daptomycin [87]. Although 
risk factors for MRSA SSTIs have been identi-
fied, in patients with severe SSTIs one should not 
rely solely on the use of risk factors for MRSA in 
the decision making regarding whether empiric 
anti-MRSA antimicrobials should be used.

Choice of empiric antimicrobial therapy for 
SSTIs is guided by a number of factors. For 
patients with severe SSTIs that are surgical site 
infections, it is important to choose an empiric 
antimicrobial agent that is different than the class 
of antibiotics that was used for surgical site infec-
tion prophylaxis as the time of the initial surgery. 
In the case of surgical site infection (SSI), the 
type and site of operation dictate which patho-
gens are suspected. Infections following opera-
tions in the gastrointestinal or genitourinary tract 
may be monomicrobial or mixed, and may be 
caused by gram-positive or gram-negative bacte-
ria. In contrast, infections following clean opera-
tions in other parts of the body are typically 
caused by gram-positive pathogens. 
Immunocompromised or neutropenic patients 
are, of course, at increased risk of infection and 
are less able to control local infection and there-
fore should be treated with empiric, broad- 
spectrum antibiotics at the first clinical signs of 
infection, including fever.

It is important to provide anti-MRSA cover-
age in the empiric regimen of all patients with 
severe SSTIs. The MRSA carriage status of the 
patient should not be used as a guide to treatment 
for SSTIs, as it poorly predicts the need for anti- 
MRSA coverage in hospitalized orthopedic 
patients [88].

A number of intravenous anti-MRSA antimi-
crobials are approved by the FDA (vancomycin, 
linezolid, daptomycin, tigecycline, televancin, cef-
taroline) and a number of new anti-MRSA antimi-
crobials are in development.  Guideline- based 

recommendations for treatment of MRSA bone/
joint infections vs. SSTIs and ABSSSIs are shown 
in Tables 25.9 and 25.10. A comprehensive review 
of SSTI antimicrobial studies has recently been 
published [89]. Options for oral treatment of 
MRSA SSTIs include clindamycin, trimethoprim-
sulfamethoxazole, doxycycline, minocycline, line-
zolid, and tedizolid (a new oral oxazolidinone) 
[90]. Oral tedizolid at a dose of 200 mg once daily 
for 6 days was noninferior to 10 days of 600 mg 
twice daily linezolid for the treatment of ABSSSIs, 
including those of MRSA etiology [91]. There is 
currently no evidence to recommend any specific 
antibiotic in the treatment of MRSA SSIs [92] or 
MRSA infections in nonsurgical wounds [93].

When selecting empiric antimicrobials for 
treatment of severe cSSTIs, selection of specific 
antimicrobials that inhibit toxin production may 

Table 25.9 Antimicrobial treatment of MRSA bone/
joint infections compared with SSTIs or ABSSSIs

Antibiotic treatment of 
MRSA bone and joint 
infections Dose

Vancomycin 15–20 mg/kg IV Q8–12 h
Daptomycin 6 mg/kg IV QD
Linezolid 600 mg PO/IV BID
TMP-SMX + rifampin 4 mg/kg/dose (TMP) 

Q8–12 h
600 mg QD (rifampin)

Clindamycin 600 mg PO/IV Q8h

Perlroth et al. [107]; Dombrowski and Winston [108]; 
Livorsi et al. [109]
Surgical debridement is the mainstay of therapy
Some experts recommend adding rifampin (300–450 mg 
BID)

Table 25.10 Antimicrobial treatment of MRSA compli-
cated SSTIs or ABSSSIs

Antibiotic treatment of 
complicated SSTIs or 
ABSSSIs Dose

Vancomycin 15–20 mg/kg IV 
Q8–12 h

Daptomycin 4 mg/kg IV QD
Linezolid 600 mg PO/IV BID
Tedizolid 200 mg PO QD
Telavancin 10 mg/kg/dose IV QD
Ceftaroline 600 mg IV Q12h
Clindamycin 600 mg PO/IV Q8h
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be helpful, particularly in those patients with evi-
dence of toxic shock syndrome. This is com-
monly present in patients with streptococcal and 
staphylococcal infections. Protein cytotoxins 
play an important role in the pathogenesis of a 
variety of staphylococcal infections, and toxin 
production should be considered when selecting 
an antimicrobial agent for gram-positive patho-
gens [94]. The recent identification of a class of 
secreted staphylococcal peptides [phenol-soluble 
modulin (PSM) peptides] document that they 
have a remarkable ability to recruit, activate and 
lyse human neutrophils, thus eliminating the 
main cellular defense against MRSA infection 
[95]. The β-lactams actually enhance toxin pro-
duction. In contrast, both clindamycin and line-
zolid have the ability to inhibit toxin production 
by suppression of translation, but not transcrip-
tion, of toxin genes for S. aureus and by direct 
inhibition of synthesis of group A streptococcal 
toxins. Particularly when patients exhibit signs 
and symptoms of streptococcal toxic shock syn-
drome (shock, coagulopathy, organ failure, and 
NSTI), anti-toxin antimicrobials (clindamycin or 
linezolid) should be promptly initiated [96].

 3.  “Source Control,” that is, early aggressive 
surgical intervention for drainage of abscesses 
and debridement of necrotizing soft tissue 
infections

“Source control” includes drainage of infected 
fluids, debridement of infected soft tissues, 
removal of infected devices or foreign bodies, 
and finally, definite measures to correct anatomic 
derangement resulting in ongoing microbial con-
tamination and to restore optimal function [97]. 
Source control represents a key component of 
success in the therapy of sepsis, since it is the 
best method of prompt reduction of the bacterial 
inoculum at the site of infection. Source control 
has been best identified as an important therapeu-
tic strategy in the treatment of complicated 
abdominal infections, [98] but is of paramount 
importance in the treatment of cSSTIs as well. 
Appropriate and timely source control is manda-
tory in the treatment of severe SSTIs, particularly 
in the case of NSTIs. This is depicted as the main 

pillar of the “Treatment Triangle” of SSTIs in 
Fig. 25.2.

 4.  Pathogen identification and appropriate de- 
escalation of antimicrobial therapy

Given the increasing prevalence of multi-
drug- resistant pathogens as the etiology of severe 
SSTIs, pathogen identification is of paramount 
importance. All patients with severe SSTIs 
should have blood cultures obtained on admis-
sion, prior to initiation of empiric antimicrobial 
therapy if possible. In addition, cultures should 
be obtained directly from the SSTI site, either 
abscess fluid when incision and drainage is per-
formed or tissue sample in the case of NSTIs 
when surgical debridement is performed.

Initial management of cSSTIs should include 
collection of specimens for culture and antimi-
crobial susceptibility testing from all patients 
with abscesses or purulent lesions. Culture and 
susceptibility findings are useful both for indi-
vidual patient management and in monitoring 
local patterns of antimicrobial resistance. It has 
been documented that physicians and other health 
care workers cannot accurately predict if a SSTI 
is due to MRSA. A prospective observational 
study conducted in an urban tertiary academic 
center in emergency department patients present-
ing with purulent wounds and abscesses that 
received wound culture (n = 176) documented 
that physician suspicion of MRSA had a sensitiv-
ity of 80 % (95 % CI 71–87 %) and a specificity 
of 23.6 % (95 % CI 14–37 %) for the presence of 
MRSA on wound culture with a positive likeli-
hood ratio (LR) of 1.0 (95 % CI 0.9–1.3) and a 
negative LR of 0.8 (95 % CI 0.5–1.3). Prevalence 
was 64 %. Emergency physician’s suspicion of 
MRSA infection was a poor predictor of MRSA 
infection [99].

It is important to de-escalate antimicrobial 
therapy in the treatment of severe SSTIs once 
culture results return. Pathogen-directed antimi-
crobial therapy is then initiated, with de- 
escalation from the initial broad-spectrum 
empiric antimicrobial regimen, with an attempt 
to decrease to monotherapy if at all possible. 
De-escalation of antimicrobial therapy should 
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occur as early as possible, but is only possible if 
appropriate microbiologic specimens are 
obtained at the time of SSTI source control. 
De-escalation is founded on identification of the 
pathogen and its antibiotic susceptibilities.

 Conclusion

SSTIs are associated with significant morbid-
ity and mortality, and it is important to differ-
entiate necrotizing vs. non-necrotizing SSTIs 
early in the course of treatment. MRSA is the 
most common cause of purulent cSSTIs. All 
patients who present with complicated SSTIs 

should be treated with broad-spectrum antimi-
crobial therapy, including mandatory cover-
age for MRSA. Source control, including 
abscess drainage and surgical debridement, is 
the mainstay of therapy in severe cSSTIs. It is 
of paramount importance to obtain specimens 
for culture and antimicrobial susceptibilities 
given the high prevalence of MRSA as a caus-
ative pathogen in cSSTIs. Empiric broad- 
spectrum antimicrobial therapy should be 
de- escalated to narrower-spectrum agents 
based on culture pathogen identification and 
the patient’s clinical response.

Surgical drainage and debulking

• Incision and drainage of abscesses

• Removal of prosthetic material (if possible)

Antibiotic therapy

• MSSA:
antistaphylococcal penicillin, 1-CEF

• Community-associated MRSA:
TMP-SMX, clindamycin, doxycycline

• Health care-associated MRSA:
vancomycin, linezolid, daptomycin, 
rifampin plus fusidic acid

Wound culture

• Community-associated MRSA:
consider TMP-SMX, tetracycline,
erythromycin, clindamycin, vancomycin

• Health care-associated MRSA:
consider vancomycin, rifampin,
linezolid, (and possibly daptomycin,
quinupristin-dalfopristin, fusidic acid)

Prevention of transmission

• Improved hand hygiene

• Cleaning of shared equipment
between uses 

• Separation of infected patients;
avoidance of overcrowding

• Selective decolonization

Fig. 25.2 Treatment triangle for S. aureus infection. The 3 
components of the treatment of presumed S. aureus infec-
tion include surgical drainage and debridement, obtaining a 
wound culture, and initiation of appropriate empiric antimi-
crobial therapy. If MRSA SSTI is confirmed, it is critically 
important to utilize all methods to prevent microbial trans-
mission, including hand hygiene. For wound cultures that 
are positive for community- associated MRSA (usually not 
a multidrug-resistant phenotype), in vitro susceptibility to 
trimethoprim-sulfamethoxazole (TMP-SMX), tetracycline, 
erythromycin, clindamycin, and vancomycin should be 
assessed. If the isolate is resistant to erythromycin but sus-
ceptible to clindamycin, the clindamycin D-zone test 
should be performed if clindamycin therapy is being con-
sidered. For wound cultures that are positive for health 

care–associated MRSA (usually a multidrug-resistant phe-
notype), in vitro susceptibility to vancomycin, rifampin, 
and linezolid should be assessed. Assessment of suscepti-
bility to daptomycin and quinupristin-dalfopristin is not 
necessary unless therapy with these agents is being consid-
ered. Susceptibility to fusidic acid may be assessed in coun-
tries where this agent is available. Empirical antibiotic 
therapy should be reviewed once susceptibility data are 
known. For methicillin-susceptible S. aureus (MSSA), anti-
staphylococcal penicillin or a first-generation cephalospo-
rin (1-CEF) may be suitable. For community- associated 
MRSA, TMP-SMX, clindamycin, or tetracycline may be 
suitable. For health care–associated MRSA, vancomycin, 
linezolid, daptomycin, or rifampin plus fusidic acid may be 
suitable (Adapted from Grayson [101])

L.M. Napolitano



367

References

 1. Napolitano LM. The diagnosis and treatment of skin 
and soft tissue infections (SSTIs). Surg Infect 
(Larchmt). 2008;9 Suppl 1:1.

 2. Napolitano LM. Severe soft tissue infections. Infect 
Dis Clin North Am. 2009;23(3):571–9.

 3. Napolitano LM. Early appropriate parenteral antimi-
crobial treatment of complicated skin and soft tissue 
infections caused by methicillin-resistant 
Staphylococcus aureus. Surg Infect (Larchmt). 
2008;9(Suppl1):s17–27.

 4. Napolitano LM. Perspectives in surgical infections: 
what does the future hold? Surgical Infection Society, 
North America, Presidential Address. Surg Infect 
(Larchmt). 2010;11(2):111–23.

 5. DiNubile MJ, Lipsky BA. Complicated infections of 
skin and skin structures: when the infection is more 
than skin deep. J Antimicrob Chemother. 2004;53 
Suppl 2:ii37–50.

 6. Vinh DC, Embil JM. Severe skin and soft tissue infec-
tions and associated critical illness. Curr Infect Dis 
Rep. 2007;9(5):415–21.

 7. Lipsky BA, Moran GJ, Napolitano LM, Vo L, 
Nicholson S, Kim M. A prospective, multicenter, 
observational study of complicated skin and soft tis-
sue infections in hospitalized patients: clinical charac-
teristics, medical treatment, and outcomes. BMC 
Infect Dis. 2012;12:227.

 8. Garau J, Ostermann H, Medina J, Avila M, McBride 
K, Blasi F, REACH study group. Current manage-
ment of patients hospitalized with complicated skin 
and soft tissue infections across Europe (2010–
2011): assessment of clinical practice patterns and 
real-life effectiveness of antibiotics from the 
REACH study. Clin Microbiol Infect. 2013;19(9): 
E377–85.

 9. h t t p : / / w w w. f d a . g o v / d o w n l o a d s / D r u g s /
GuidanceComplianceRegulatoryInformation/
Guidances/ucm071185.pdf.

 10. Harris AM, Althausen PL, Kellam J, Bosse MJ, 
Castillo R, Lower Extremity Assessment Project 
(LEAP) Study Group. Complications following limb-
threatening lower extremity trauma. J Orthop Trauma. 
2009;23:1–6.

 11. Paryavi E, Stall A, Gupta R, Scharfstein DO, Castillo 
RC, Zadnik M, Hui E, O'Toole RV. Predictive model 
for surgical site infection risk after surgery for high- 
energy lower-extremity fractures: development of the 
risk of infection in orthopedic trauma surgery score. J 
Trauma Acute Care Surg. 2013;74(6):1521–7.

 12. Uçkay I, Hoffmeyer P, Lew D, Pittet D. Prevention of 
surgical site infections in orthopaedic surgery and 
bone trauma: state-of-the-art update. J Hosp Infect. 
2013;84(1):5–12.

 13. Gaynes R, Edwards JR. National nosocomial infec-
tions surveillance system: overview of nosocomial 
infections caused by gram-negative bacilli. Clin Infect 
Dis. 2005;41:848–54.

 14. Hidron AI, Edwards JR, Patel J, National Healthcare 
Safety Network Team; Participating National 
Healthcare Safety Network Facilities, et al. NHSN 
annual update: antimicrobial- resistant pathogens 
associated with healthcare-associated infections: 
annual summary of data reported to the National 
Healthcare Safety Network at the Centers for Disease 
Control and Prevention, 2006–2007. Infect Control 
Hosp Epidemiol. 2008;29:996–1011.

 15. Manian FA, Griesnauer S. Community-associated 
MRSA is replacing traditional healthcare-associated 
strains in surgical site infections among inpatients. 
Clin Infect Dis. 2008;47:434–5.

 16. Kourbatova EV, Halvosa JS, King MD, et al. 
Emergence of community-associated MRSA USA 
300 clone as a cause of healthcare-associated infec-
tions among patients with prosthetic joint infections. 
Am J Infect Control. 2005;33:385–91.

 17. Weigelt JA, Lipsky BA, Tabak YP, et al. Surgical site 
infections: causative pathogens and associated out-
comes. Am J Infect Control. 2010;38:112–20.

 18. Haenie M, Podbielski A, Mittelmeier W, et al. 
Infections after primary and revision total hip replace-
ment caused by enterobacteria producing extended 
spectrum beta-lactamases (ESBL): a case series. Hip 
Int. 2010;20(2):248–54.

 19. Martinez-Pastor JC, Vilchez F, Pitart C, et al. 
Antibiotic resistance in orthopaedic surgery: acute 
knee prosthetic joint infections due to ESBL- 
producing Enterobacteriaceae. Eur J Clin Microbiol 
Infect Dis. 2010;29(8):1039–41.

 20. Gillespie WJ, Walenkamp GH. Antibiotic prophy-
laxis for surgery for proximal femoral and other 
closed long bone fractures. Cochrane Database Syst 
Rev. 2010;3:CD000244.

 21. Bratzler DW, Dellinger EP, Olsen KM, Perl TM, 
Auwaerter PG, Bolon MK, Fish DN, Napolitano 
LM, Sawyer RG, Slain D, Steinberg JP, Weinstein 
RA, American Society of Health-System 
Pharmacists (ASHP); Infectious Diseases Society 
of America (IDSA); Surgical Infection Society 
(SIS); Society for Healthcare Epidemiology of 
America (SHEA). Clinical practice guidelines for 
antimicrobial prophylaxis in surgery. Surg Infect 
(Larchmt). 2013;14(1):73–156. doi:10.1089/
sur.2013.9999.

 22. Gosselin RA, Roberts I, Gillespie WJ. Antibiotics for 
preventing infections in open limb fractures. Cochrane 
Database Syst Rev. 2004;(1):CD003764.

 23. Hauser CJ, Adams Jr CA, Eachempati SR, Council of 
the Surgical Infection Society. Surgical Infection 
Society guideline: prophylactic antibiotic use in open 
fractures: An evidence-based guideline. Surg Infect 
(Larchmt). 2006;7(4):379–405.

 24. Glass GE, Barrett SP, Sanderson F, et al. The micro-
biological basis for a revised antibiotic regimen in 
high-energy tibial fractures: preventing deep infec-
tions by nosocomial organisms. J Plast Reconstr 
Aesthet Surg. 2011;64(3):375–80.

25 Acute Soft Tissue and Bone Infections

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071185.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071185.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071185.pdf
http://dx.doi.org/10.1089/sur.2013.9999
http://dx.doi.org/10.1089/sur.2013.9999


368

 25. Sarkar B, Napolitano LM. Necrotizing soft tissue 
infections. Minerva Chir. 2010;65(3):347–62.

 26. Sarani B, Strong M, Pascual J, Schwab 
CW. Necrotizing fasciitis: current concepts and 
review of the literature. J Am Coll Surg. 2009;208(2): 
279–88.

 27. Anaya DA, Dellinger EP. Necrotizing soft-tissue 
infection: diagnosis and management. Clin Infect Dis. 
2007;44(5):705–10.

 28. Cainzos M, Gonzalez-Rodriguez FJ. Necrotizing soft 
tissue infections. Curr Opin Crit Care. 2007;13(4): 
433–9.

 29. Yilmazlar T, Ozturk E, Alsoy A, Ozquc H. Necrotizing 
soft tissue infections: APACHE II score, dissemination, 
and survival. World J Surg. 2007;31(9):1858–62.

 30. Cuschieri J. Necrotizing soft tissue infection. Surg 
Infect (Larchmt). 2008;9(6):559–62.

 31. Anaya DA, McMahon K, Nathens AB, et al. Predictors 
of mortality and limb loss in necrotizing soft tissue 
infections. Arch Surg. 2005;140:151–7.

 32. Faraklas I, Stoddard GJ, Neumayer LA, Cochran 
A. Development and validation of a necrotizing soft- 
tissue infection mortality risk calculator using 
NSQIP. J Am Coll Surg. 2013;217(1):153–160.e3; 
discussion 160–1.

 33. Wong CH, Khin LW, Heng KS, et al. The LRINEC 
(Laboratory Risk Indicator for Necrotizing Fasciitis) 
score: a tool for distinguishing necrotizing fasciitis 
from other soft tissue infections. Crit Care Med. 
2004;32(7):1535–41.

 34. Su YC, Chen HW, Hong YC, Chen CT, Hsiao CT, 
Chen IC. Laboratory risk indicator for necrotizing 
fasciitis score and the outcomes. ANZ J Surg. 
2008;78(11):968–72.

 35. Struk DW, Munk PL, Lee MJ, et al. Imaging of soft 
tissue infections. Radiol Clin North Am. 
2001;39(2):277–303.

 36. Brothers TE, Tagge DU, Stutley JE, et al. Magnetic 
resonance imaging differentiates between necrotizing 
and non-necrotizing fasciitis of the lower extremity. J 
Am Coll Surg. 1998;187:416–21.

 37. Malghem J, Lecouvet FE, Omoumi P, Maldague BE, 
Vande Berg BC. Necrotizing fasciitis: contribution 
and limitations of diagnostic imaging. Joint Bone 
Spine. 2013;80(2):146–54.

 38. Kim KT, Kim YJ, Won Lee J, Kim YJ, Park SW, Lim 
MK, Suh CH. Can necrotizing infectious fasciitis be 
differentiated from nonnecrotizing infectious fasciitis 
with MR imaging? Radiology. 2011;259(3):816–24.

 39. Wong CH, Chang HC, Pasupathy S, et al. Necrotizing 
fasciitis: clinical presentation, microbiology, and 
determinants of mortality. J Bone Joint Surg Am. 
2003;85-A(8):1454–60.

 40. McHenry CR, Piotrowski JJ, Petrinic D, et al. 
Determinants of mortality for necrotizing soft-tissue 
infections. Ann Surg. 1995;221(5):558–65.

 41. Elhabash S, Lee L, Farrow B, et al. Characteristics 
and microbiology of patients presenting with necro-
tizing fasciitis. Presented at the Association of VA 
Surgeons 31st Annual Meeting. Little Rock: 
Arkansas; 10–12 May 2007.

 42. Lee TC, Carrick MM, Scott BG, et al. Incidence and 
clinical characteristics of MRSA necrotizing fasciitis 
in a large urban hospital. Am J Surg. 2007;194(6): 
809–12.

 43. Miller LG, Perdreau-Remington F, Rieg G, et al. 
Necrotizing fasciitis caused by community- associated 
MRSA in Los Angeles. N Engl J Med. 2005;352(14): 
1445–53.

 44. Young LM, Price CS. Community-acquired MRSA 
emerging as an important cause of necrotizing fasci-
itis. Surg Infect (Larchmt). 2008;9(4):469–74.

 45. Olsen RJ, Burns KM, Chen L, et al. Severe necrotiz-
ing fasciitis in a human immunodeficiency virus- 
positive patient caused by MRSA. J Clin Microbiol. 
2008;46(3):1144–7.

 46. Dehority W, Wang E, Vernon PS, et al. Community- 
associated MRSA necrotizing fasciitis in a neonate. 
Pediatr Infect Dis J. 2006;25(11):1080–1.

 47. Tsai YH, Hsu RW, Huang TJ, et al. Necrotizing soft 
tissue infections and sepsis caused by Vibrio vulnifi-
cus compared with those caused by Aeromonas spe-
cies. J Bone Joint Surg Am. 2007;89(3):631–6.

 48. Tsai YH, Hsu RW, Huang KC, et al. Systemic Vibrio 
infection presenting as necrotizing fasciitis and sep-
sis. A series of 13 cases. J Bone Joint Surg Am. 
2004;86(11):2497–502.

 49. Minnaganti VR, Patel PJ, Iancu D, et al. Necrotizing 
fasciitis caused by Aeromonas hydrophila. Heart 
Lung. 2000;29(4):306–8.

 50. Bross MH, Soch K, Morales R, Mitchell RB. Vibrio 
vulnificus infection: diagnosis and treatment. Am 
Fam Physician. 2007;76(4):539–44.

 51. Tsai YH, Huang TJ, Hsu RW, et al. Necrotizing soft 
tissue infections and primary sepsis caused by Vibrio 
vulnificus and Vibrio cholerae non-O1. J Trauma. 
2009;66(3):899–905.

 52. Kuo YL, Shieh SJ, Chiu HY, Lee JW. Necrotizing fas-
ciitis caused by Vibrio vulnificus: epidemiology, clin-
ical findings, treatment and prevention. Eur J Clin 
Microbiol Infect Dis. 2007;26(11):785–92.

 53. Chao WN, Tsai SJ, Tsai CF, Su CH, Chan KS, 
Lee YT, Ueng KC, Lin DB, Chen CC, Chen SC. The 
Laboratory Risk Indicator for Necrotizing Fasciitis 
score for discernment of necrotizing fasciitis 
 originated from Vibrio vulnificus infections. J Trauma 
Acute Care Surg. 2012;73(6):1576–82.

 54. Brook I. Microbiology and management of myositis. 
Int Orthop. 2004;28(5):257–60.

 55. Garcia J. MRI in inflammatory myopathies. Skeletal 
Radiol. 2000;29:425–38.

 56. Lew DP, Waldvogel FA. Osteomyelitis. Lancet. 
2004;364(9431):369–79.

 57. Bosse MJ, MacKenzie EJ, Kellam JF, et al. An analy-
sis of outcomes of reconstruction or amputation of 
leg-threatening injuries. N Engl J Med. 2002;247(24): 
1924–31.

 58. Spellberg B, Lipsky BA. Systemic antibiotic therapy 
for chronic osteomyelitis in adults. Clin Infect Dis. 
2012;54(3):393–407.

 59. May AK. Skin and soft tissue infections. Surg Clin 
North Am. 2009;89(2):403–20.

L.M. Napolitano



369

 60. Chan T, Yaghoubian A, Rosing D, et al. Low sensitiv-
ity of physical examination findings in necrotizing 
soft tissue infection is improved with laboratory val-
ues: a prospective study. Am J Surg. 2008;196(6):926–
30. discussion 930.

 61. Wall DB, deVirgilio C, Black S, Klein SR. Objective 
criteria may assist in distinguishing necrotizing fasci-
itis from non-necrotizing soft tissue infection. Am J 
Surg. 2000;179(11):17–21.

 62. Wall DB, Klein SR, Black S, deVirgilio C. A simple 
model to help distinguish necrotizing fasciitis from 
non-necrotizing soft tissue infections. J Am Coll 
Surg. 2000;191(3):227–31.

 63. Kollef MH, Sherman G, Ward S, Fraser VJ. Inadequate 
antimicrobial treatment of infections: a risk factor for 
hospital mortality among critically ill patients. Chest. 
1999;115:462–74.

 64. Iregui M, Ward S, Sherman G, Fraser VJ, Kollef 
MH. Clinical importance of delays in the initiation of 
appropriate antibiotic treatment for ventilator- 
associated pneumonia. Chest. 2002;122:262–8.

 65. Garnacho-Montero J. Impact of adequate empirical 
antibiotic therapy on the outcome of patients admitted 
to the intensive care unit with sepsis. Crit Care Med. 
2003;31:2742–51.

 66. Alvarez-Lerma F. the ICU-Acquired Pneumonia Study 
Group. Modification of empiric antibiotic treatment in 
patients with pneumonia acquired in the intensive care 
unit. Intensive Care Med. 1996;22:387–94.

 67. Ruhe JJ, Smith N, Bradsher RW, Menon A. Community-
onset methicillin-resistant Staphylococcus aureus skin 
and soft-tissue infections: impact of antimicrobial ther-
apy on outcome. Clin Infect Dis. 2007;44:777–84.

 68. Schramm GE, Johnson JA, Doherty JA, Micek ST, 
Kollef MH. Methicillin-resistant Staphylococcus 
aureus sterile-site infection: the importance of appro-
priate initial antimicrobial treatment. Crit Care Med. 
2006;34(8):2069–74.

 69. Chuck EA, Frazee BW, Lambert L, McCabe R. The 
benefit of empiric treatment for methicillin-resistant 
Staphylococcus aureus. J Emerg Med. 2010;38(5): 
567–71.

 70. Gorwitz RJ, Jernigan DB, Powers JH, Jernigan JA and 
Participants in the CDC-Convened Experts’ Meeting 
on Management of MRSA in the Community. 
Strategies for clinical management of MRSA in the 
community: summary of an experts’ meeting convened 
by the Centers for Disease Control and Prevention. 
2006. Available at: http://198.246.98.21/ncidod/dhqp/
pdf/ar/CAMRSA_ExpMtgStrategies.pdf.

 71. Dellinger RP, Levy MM, Rhodes A, Annane D, 
Gerlach H, Opal SM, Sevransky JE, Sprung CL, 
Douglas IS, Jaeschke R, Osborn TM, Nunnally ME, 
Townsend SR, Reinhart K, Kleinpell RM, Angus DC, 
Deutschman CS, Machado FR, Rubenfeld GD, Webb 
SA, Beale RJ, Vincent JL, Moreno R, Surviving 
Sepsis Campaign Guidelines Committee including 
the Pediatric Subgroup. Surviving sepsis campaign: 
international guidelines for management of severe 
sepsis and septic shock: 2012. Crit Care Med. 
2013;41(2):580–637.

 72. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach 
H, Opal SM, Sevransky JE, Sprung CL, Douglas IS, 
Jaeschke R, Osborn TM, Nunnally ME, Townsend SR, 
Reinhart K, Kleinpell RM, Angus DC, Deutschman CS, 
Machado FR, Rubenfeld GD, Webb S, Beale RJ, Vincent 
JL, Moreno R, Surviving Sepsis Campaign Guidelines 
Committee including The Pediatric Subgroup. Surviving 
Sepsis Campaign: international guidelines for manage-
ment of severe sepsis and septic shock, 2012. Intensive 
Care Med. 2013;39(2):165–228.

 73. Kumar A, Roberts D, Wood KE, et al. Duration of 
hypotension before initiation of effective antimicro-
bial therapy is the critical determinant of survival in 
human septic shock. Crit Care Med. 2006;34(6): 
1589–96.

 74. Brook I. Microbiology and management of soft tissue 
and muscle infections. Int J Surg. 2008;6(4):328–38.

 75. Naimi TS, LeDell KH, Como-Sabetti K, et al. 
Comparison of community- and health care- associated 
methicillin-resistant Staphylococcus aureus infection. 
JAMA. 2003;290:2976–84.

 76. Crum NF, Lee RU, Thornton SA, et al. Fifteen year 
study of the changing epidemiology of methicillin- 
resistant Staphylococcus aureus. Am J Med. 
2006;119:943–51.

 77. Moran GJ, Krishnadasan A, Gorwitz RJ, et al. 
Methicillin-resistant S aureus infections among 
patients in the emergency department. N Engl J Med. 
2006;355(7):666–74.

 78. Frazee BW, Lynn J, Charlebois ED, et al. High preva-
lence of methicillin-resistant in emergency depart-
ment skin and soft tissue infection. Ann Emerg Med. 
2005;45:311–20.

 79. King MD, Humphrey BJ, Wang YF. Emergence of 
community acquired methicillin-resistant staphylo-
coccus aureus USA 300 Clone as the prdominant 
cause of skin and soft-tissue infections. Ann Intern 
Med. 2006;144:309–17.

 80. Ray GT, Suaya JA, Baxter R. Microbiology of skin 
and soft tissue infections in the age of community- 
acquired methicillin-resistant Staphylococcus aureus. 
Diagn Microbiol Infect Dis. 2013;76(1):24–30.

 81. Moran GJ, Abrahamian FM, Lovecchio F, Talan 
DA. Acute bacterial skin infections: developments 
since the 2005 Infectious Diseases Society of America 
(IDSA) guidelines. J Emerg Med. 2013;44(6): 
e397–412.

 82. Tattevin P, Schwartz BS, Graber CJ, Volinski J, 
Bhukhen A, Bhukhen A, Mai TT, Vo NH, Dang DN, 
Phan TH, Basuino L, Perdreau-Remington F, Chambers 
HF, Diep BA. Concurrent epidemics of skin and soft 
tissue infection and bloodstream infection due to com-
munity-associated methicillin- resistant Staphylococcus 
aureus. Clin Infect Dis. 2012;55(6):781–8.

 83. Awad SS, Elhabash SI, Lee L, et al. Increasing inci-
dence of methicillin-resistant Staphylococcus aureus 
skin and soft tissue infections: reconsideration of 
empiric antimicrobial therapy. Am J Surg. 2007;194: 
606–10.

 84. Hidayat LK, Hsu DI, Quist R, et al. High-dose van-
comycin for methicillin-resistant Staphylococcus 

25 Acute Soft Tissue and Bone Infections

http://198.246.98.21/ncidod/dhqp/pdf/ar/CAMRSA_ExpMtgStrategies.pdf
http://198.246.98.21/ncidod/dhqp/pdf/ar/CAMRSA_ExpMtgStrategies.pdf


370

aureus infections. Arch Intern Med. 2006;166: 
2138–44.

 85. Howden BP, Ward PB, Charles PGP, et al. Treatment 
outcomes for serious infections caused by methicillin- 
resistant Staphylococcus aureus with reduced vanco-
mycin susceptibility. Clin Infect Dis. 2004;38: 
521–8.

 86. Lipsky BA, Weigelt JA, Gupta V, et al. Skin, soft tis-
sue, bone and joint infections in hospitalized patients: 
epidemiology and microbiological, clinical and eco-
nomic outcomes. Infect Control Hosp Epidemiol. 
2007;28(11):1290–8.

 87. Stevens DL, Bisno AL, Chambers HF, Infectious 
Diseases Society of America, et al. Practice guide-
lines for the diagnosis and management of skin and 
soft tissue infections. Clin Infect Dis. 
2005;41(10):1373–406.

 88. Reber A, Moldovan A, Dunkel N, Emonet S, Rohner 
P, Tahintzi P, Hoffmeyer P, Harbarth S, Uçkay 
I. Should the methicillin-resistant Staphylococcus 
aureus carriage status be used as a guide to treatment 
for skin and soft tissue infections? J Infect. 
2012;64(5):513–9.

 89. Napolitano LM. Early appropriate parenteral antimi-
crobial treatment of complicated skin and soft tissue 
infections caused by methicillin-resistant Staphylo-
coccus aureus. Surg Infect (Larchmt). 2008;9 Suppl 
1:S15–27.

 90. Liu C, Bayer A, Cosgrove SE, et al. Clinical Practice 
Guidelines by the Infectious Diseases Society of 
America for the treatment of methicillin-resistant 
staphylococcus aureus infections in adults and chil-
dren. Clin Infect Dis. 2011;52:1–38.

 91. Prokocimer P, De Anda C, Fang E, Mehra P, Das 
A. Tedizolid phosphate vs linezolid for treatment of 
acute bacterial skin and skin structure infections: the 
ESTABLISH-1 randomized trial. JAMA. 
2013;309(6):559–69.

 92. Gurusamy KS, Koti R, Toon CD, Wilson P, Davidson 
BR. Antibiotic therapy for the treatment of methicillin- 
resistant Staphylococcus aureus (MRSA) infections 
in surgical wounds. Cochrane Database Syst Rev. 
2013;8:CD009726.

 93. Gurusamy KS, Koti R, Toon CD, Wilson P, Davidson 
BR. Antibiotic therapy for the treatment of methicillin- 
resistant Staphylococcus aureus (MRSA) in non sur-
gical wounds. Cochrane Database Syst Rev. 
2013;11:CD010427.

 94. Stevens DL, Ma Y, Salmi DB, McIndoo E, Wallace 
RJ, Bryant AE. Impact of antibiotics on expression of 
virulence-associated exotoxin genes in methicillin- 
sensitive and methicillin-resistant Staphylococcus 
aureus. J Infect Dis. 2007;195:202–11.

 95. Wang R, et al. Identification of novel cytolytic pep-
tides as key virulence determinants for community- 
associated MRSA. Nat Med. 2007;13(12):1510–4.

 96. Filbin MR, Ring DC, Wessels MR, et al. Case 
2–2009: A 25 year-old man with pain and swelling 
of the right hand and hypotension. N Engl J Med. 
2009;360:281–90.

 97. Marshall JC, Maier RV, Jimenez M, Dellinger 
EP. Source control in the management of severe sep-
sis and septic shock: an evidence-based review. Crit 
Care Med. 2004;32(11 Suppl):S513–26.

 98. Laterre PF. Progress in medical management of 
intra-abdominal infections. Curr Opin Infect Dis. 
2008;21(4):393–8.

 99. Kuo DC, Chasm RM, Witting MD. Emergency 
department physician ability to predict methicillin- 
resistant Staphylococcus aureus skin and soft tissue 
infections. J Emerg Med. 2010;39(1):17–20.

 100. Peltola H, Pääkkönen M. Acute osteomyelitis in 
children. N Engl J Med. 2014;370:352–60.

 101. Grayson ML. The treatment triangle for staphylo-
coccal infections. N Engl J Med. 2006;355:724–7.

 102. Horan TC, et al. CDC/NHSN surveillance definition 
of health care–associated infection and criteria for 
specific types of infections in the acute care setting. 
Am J Infect Control. 2008;36:309–32.

 103. Luchette FA, Bone LB, Born CT, et al. EAST Practice 
management guidelines for prophylactic antibiotic 
use in open fractures. www.east.org/tpg/openfrac.pdf.

 104. Okike K, Bhattachyaryya T. Trends in the manage-
ment of open fractures. A critical analysis. J Bone 
Joint Surg Am. 2006;88:2739–48.

 105. Holtom PD. Antibiotic prophylaxis: current recom-
mendations. J Am Acad Orthop Surg. 2006; 
14:S98–100.

 106. Gustilo RB, Anderson JT. Prevention of infection in 
the treatment of one thousand and twenty-five open 
fractures of long bones: retrospective and prospective 
analyses. J Bone Joint Surg Am. 1976;58(4):453–8.

 107. Perlroth J, Kuo M, Tan J, Bayer AS, Miller 
LG. Adjunctive use of rifampin for the treatment of 
Staphylococcus aureus infections: a systematic 
review of the literature. Arch Intern Med. 
2008;168(8):805–19.

 108. Dombrowski JC, Winston LG. Clinical failures of 
appropriately-treated methicillin-resistant Staphylo-
coccus aureus infections. J Infect. 2008;57(2): 
110–5.

 109. Livorsi DJ, Daver NG, Atmar RL, Shelburne SA, 
White Jr AC, Musher DM. Outcomes of treatment 
for hematogenous Staphylococcus aureus vertebral 
osteomyelitis in the MRSA ERA. J Infect. 
2008;57(2):128–31.

L.M. Napolitano

http://www.east.org/tpg/openfrac.pdf


371© Springer-Verlag Berlin Heidelberg 2016
H.-C. Pape et al. (eds.), The Poly-Traumatized Patient with Fractures:  
A Multi-Disciplinary Approach, DOI 10.1007/978-3-662-47212-5_26

Posttraumatic Acute and Chronic 
Osteomyelitis

John K. Sontich

Contents

26.1    Introduction  371

26.2    The Causes of Posttraumatic 
Infections  373

26.3    Acute Posttraumatic Osteomyelitis  373

26.4    Chronic Posttraumatic Osteomyelitis  379
26.4.1  Infected Nonunions  383

 References  385

26.1  Introduction

Posttraumatic osteomyelitis is an unfortunate 
consequence of injuries resulting from the treat-
ment of open fractures and open treatment of 
closed fractures. Often the soft tissue is signifi-
cantly compromised, producing poor blood sup-
ply and limiting surgical access to the bone. 
Cierny et al. [1, 2] defined stages of osteomyelitis 
with type I (medullary), type II (superficial), type 
III (localized), and type IV (diffuse) (Fig. 26.1). 
The host was defined in the classification by their 
medical fitness. A hosts are healthy patients. B 
hosts are systemically and/or locally compro-
mised. C hosts are not surgical salvage candi-
dates because of the risks of curative treatment 
are greater than the potential benefits. Host fac-
tors have been shown to influence acute and 
chronic outcomes. Some examples of comorbidi-
ties that increase the risk for treatment failure of 
infection and osteomyelitis are diabetes, tobacco 
use, malnutrition, and a poor soft tissue envelope 
locally. B hosts have a 20 % greater risk of failure 
in treatment than A host. Conversely, if, preop-
eratively, a B host can be converted to an A host 
through medical means, then complications rates 
are proportionally reduced. Many of these comor-
bidities can be optimized prior to definitive 
reconstruction to improve the chance of a suc-
cessful outcome.

The osteomyelitis patient according to Cierny 
et al. can be staged by combining the type of 
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osteomyelitis (I–IV) with the host comorbidities. 
For example, a patient with diabetes and a full- 
thickness but isolated cortical defect of the tibia 
would be a stage III B patient. An otherwise 
healthy patient with an infected nonunion of the 
tibia with full-thickness permeating circumferen-
tial bone involvement is a stage IV A patient.

For the purpose of simplicity, acute osteomy-
elitis will be defined as an infected fracture with 
some degree of bone involvement and extends up 
to 3 months from the traumatic event. Generally 
speaking, acute fracture infections and acute 
osteomyelitis are synonymous terms. On the 
other hand, chronic posttraumatic osteomyelitis 
develops over time allowing the infection to per-
meate deeply into the substance of the bone. It 
often results from the infection of necrotic bone 
in the acute phase or the lack of removal of metal 
associated with biofilm. A section of avascular 
necrotic bone forms the sequestrum, which har-
bors bacteria and prevents antibiotic penetration.

The Cierny classification is useful to the treat-
ing surgeon because it provides an anatomic road 
map and helps guide the surgical debridement of 
necrotic bone. Although the original intent of the 
classification did not define acute from chronic 
posttraumatic osteomyelitis, the timing of the 
infection often plays a role in the type of osteo-
myelitis. For example, an acute intramedullary 
nail infection is a type I infection because it 
involves the intramedullary canal but has not 
penetrated the cortex. Acute open fracture infec-
tions, which have incomplete cortical penetra-
tion, may be best described as type II infections. 
Many chronic infection trauma cases have con-
verted to type III or IV as the bacteria penetrate 
the full depth of the cortex. Most chronic infected 
nonunions are defined as type IV osteomyelitis 
because the infection penetrates both sides of the 
nonunions and complete radical removal of both 
sides of nonunion is required to eliminate the 
infection.

Anatomic Classification
of Adult Osteomyelitis

Medullary Superficial

Localized Diffuse

Fig. 26.1 The Cierny 
classification of adult 
osteomyelitis
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26.2  The Causes of Posttraumatic 
Infections

Fractures become infected for a variety of rea-
sons but can be broken down to five basic causes:

 1. Infection occurs when bacteria quantity 
exceeds the ability of immune system to 
eradicate it. This may seem obvious, but can 
be prevented by thorough excisional debride-
ment at the time of open fracture surgery. The 
understanding of when to delay closure or 
close primarily is also important. This may be 
best addressed by the protocols seen at most 
level one trauma centers. The time between 
the injury and admission to the definitive 
level one trauma center was an independent 
predictor of the likelihood of infection by the 
LEAP study group [3]. No significant differ-
ences were found between patients who had 
development of an infection and those who 
did not when the groups were compared with 
regard to the time from the injury to the first 
debridement or the time from admission to 
the first debridement. Preoperative antibiotics 
are important in the prevention of infection, 
but the length of treatment of 24 h in open 
fractures was found just as effective when 
compared to 2–3 days, 4–5 days, or >5 days 
[4]. Greater length of treatment of antibiot-
ics did not show any significant differences in 
the infection risk. The duration of surgery in 
closed ankle fractures of greater than 90 min 
was found to be a predictor of infection [5], 
which suggests more bacterial contamination 
with extended time of fracture exposure.

 2. Infection occurs when the soft tissue dam-
age results in poor blood supply and delayed 
soft tissue healing. The most direct example 
of this is revealed in the data produced in 
combat injuries with infections after damage- 
controlled orthopedics and delayed IM 
 nailing [6]. Forty percent of the nails became 
infected at an average of 15 days post nailing. 
Ninety- one percent of the infections were in 
soldiers with blast injuries as apposed to non-
blast injuries, highlighting the importance of 
healthy soft tissue and local blood supply in 
the prevention of fracture site infections.

 3. Infections occur when the general health of 
the patient cannot adequately resists infection. 
This occurs in patients with diabetes, preexist-
ing vascular disease, smoking history, malnu-
trition, etc. Bowen et al. [7] evaluated 174 
patients with open long bone fractures and 
divided patients into three categories based on 
their comorbidities. Class A had no comor-
bidities, class B one to two, and class C 
patients three or more. The types of fractures 
were similar in all groups, but the infection 
rates were 4 % for class A, 15 % for class B, 
and 30 % for class C patients based solely on 
their general health status pre-injury.

 4. Infections occur when the bone remains unsta-
ble. Stability of the fracture site allows the soft 
tissue to heal and reestablish a vascular supply 
to the area and permits the patient’s immune 
system to resists infection locally. Basic  science 
research has demonstrated that lab hamsters 
with bacterially contaminated femurs devel-
oped infection at a much lower rate if they 
underwent IM nailing of femurs when com-
pared to hamsters with non- stabilized similarly 
contaminated femur fractures [8]. Temporizing 
external fixator for pilon and plateau fractures 
stabilizes the bone and soft tissue without com-
promising the soft tissue envelope. This allows 
the soft tissue to heal and has clearly reduced 
the risks of infection when definite surgical sta-
bilization is performed [9, 10].

 5. Infections occur when internal hardware 
becomes exposed to bacteria. Studies have 
shown that the minimal infective dose is 
10,000 times lower in the presence of metal 
[11, 12]. A glycocalyx from the bacteria forms 
a biofilm or slime layer on the implant. Once the 
biofilm is formed, the implant must be removed 
or the infection cannot be eradicated [13, 14].

26.3  Acute Posttraumatic 
Osteomyelitis

The physical exam findings of acute posttrau-
matic infection (less than 3 month) are erythema 
at the fracture site, continued drainage over 
an extended time, additional tissue necrosis, 
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increased warmth, lymphadenopathy, unexpected 
increased in pain, and elevated body tempera-
ture. In many aggressive bacterial infections, like 
Staphylococcus aureus, the clinical symptoms 
of acute infection are obvious. However, in less 
aggressive bacteria, the signs and symptoms can 
be subtle. Radiographic findings may be helpful. 
The lack of any callus formation along with radio-
lucency around screws can be suggestive of infec-
tion. Hardware, particular non-locking screws, 
loosens and even back out around the fracture 
(Fig. 26.2). Medullary osteolysis around an intra-
medullary nail with pain extending to the inser-
tion site is a typical finding. Screws are sometimes 
pushed out of the nail (Fig. 26.3). Previous x-rays 
should be used in the comparison. The erythro-
cyte sedimentation rate and the C-reactive protein 
are independently accurate predictors of infection 
[15]. An additional use of the white blood cell/
sulfur colloid scan was not found to be predictive 
for infection. It is also not cost-effective.

The diagnosis of acute and chronic infection 
can be made with the evaluation of symptoms, 

physical exam, radiograph comparison, ESR, and 
CRP alone 90 % of the time. Complex secondary 
studies are rarely needed but can be helpful in 
borderline cases. SPET/CT is useful in differenti-
ating between soft tissue infection and osteomy-
elitis as well as between cortical, medullary, and 
subperiosteal infections [16]. Sensitivity ranges 
from 90 to 100 % and specificity from 80 to 90 % 
for diagnosing osteomyelitis. The most sensi-
tive and specific test for pure osteomyelitis is the 
gadolinium MRI scan. Unfortunately, most post-
traumatic cases have retained metal making MRI 
much less helpful.

The true diagnosis of acute or chronic infec-
tion requires multiple cultures (at least three) from 
deeply around or part of the bone in a patient off 
antibiotics for at least 1 week. Soft tissue or fistula 
specimens are much less reliable for diagnosis of 
the true infection [17]. Biopsy of the bone can be 
diagnostic for osteomyelitis, and excised bone 
should always be sent to pathology for permanent 
sections (Fig. 26.4). This can be very valuable 
in a patient that has been partially treated with 

a b c

Fig. 26.2 (a) Midshaft tibia plating. (b) Loosening of screws in early infection. (c) Clinically infected at 6 weeks
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a b cFig. 26.3 (a) Three months 
after nailing in open tibia 
fracture in B host with diabetes, 
now with distal radiolucency 
and screw backing out due to 
gross infection. (b) Nail 
removed, canal reamed, and 
antibiotic nail placed. (c) 
Antibiotic nail removed at 
5 months and tibia was healed

Fig. 26.4 Microscopic 
specimens demonstrating the 
invasion of acute and chronic 
inflammatory cells confirming 
infiltrating osteomyelitis

 antibiotics and the cultures may be negative. Once 
the diagnosis of acute osteomyelitis or infected 
fracture has been made, the treatment requires 

surgical debridement along with appropriate 
long-term, generally 6 weeks, IV antibiotic treat-
ment for all A and B hosts. Most of the  examples 
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of acute osteomyelitis can be classified as type I 
(intramedullary) or type II (partial cortical). The 
volume of bone involved (osteomyelitis) varied 
mainly with the length of time that had elapsed 
before diagnosis and treatment [18]. The real 
question the surgeon needs to ask is “How aggres-
sively should we treat an infected fracture?”

The answer is that almost all acute posttrau-
matic infections require surgical debridement 
along with appropriate, culture-directed antibiot-
ics. Unless you have proven this to be cellulitis 
ONLY (very rare) or the patient has turned into a 
C host, antibiotics alone are generally not the best 
therapy. It appears that surgical debridement and 
retention of hardware are warranted up to 6 weeks 
post-op. The success rate of a healed fracture and 
no infection after this technique is approximately 
70 % [19, 20]. High failure rates were seen in 
patients with open fracture, IM tibia nails, smok-
ers, and pseudomonas infections. In these later 
cases, the surgeon may consider removing the 
hardware with debridement even before 6 weeks. 
After 6 weeks from the definitive internal fixation, 

the infection has most likely produced a biofilm 
on the hardware and retention will most likely 
not cure the problem. The  hardware needs to be 
removed, the infection of the bone debrided, and 
the bone somehow stabilized in a different manner.

In the case of infected IM tibia nails (type 
I osteomyelitis), there are several ways of deal-
ing with this problem. Some have recommended 
exchanged nailing acutely, reaming, and renail-
ing [18]. This works because reaming debrides 
the intramedullary bone infection and the biofilm 
is eliminated by the removal of the original nail. 
Others have recommended removal of the nail, 
reaming, and external fixation [21]. Still others 
have recommended removal of the nail, reaming, 
placement of temporary antibiotic rod, and renail-
ing at the second stage [22, 23] (Fig. 26.5). All these 
techniques have excellent results if the patient has 
not progressed to type III or IV osteomyelitis at 
the original fracture site. Permeative osteomyelitis 
(III, IV) tends to occur in chronic situations and 
is the most common reason exchange nail fails 
with reinfection at times. Renailing DOES NOT 

a b c d

Fig. 26.5 (a) Grade III open midshaft tibia fracture. (b) IM nail placed and infected at 8 weeks. (c) Nail removed, canal 
reamed, and antibiotic nail placed. (d) Renailed at 16 weeks
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adequately debride permeative osteomyelitis at 
the fracture site in type III or IV osteomyelitis. 
Radical excisional debridement and bone trans-
port are required for these more extensive infec-
tions (see Chronic Infected Nonunions).

At the site of an open tibia fracture, when 
the soft tissue fails acutely and is not replaced, 
the bone can develop partial cortical involve-
ment (type II osteomyelitis) requiring direct and 
aggressive debridement at the fracture site. This 
must include partial cortical debridement to elimi-
nate the exposed boney surface infection. Some of 
the bone fragments that were left during the origi-
nal excisional debridement may not be viable and 
have developed partial-thickness osteomyelitis. In 
those cases the deep fragments are removed. If the 
original trauma or debridement creates a signifi-
cant bone defect, antibiotic methyl methacrylate 

beads or calcium sulfate (absorbable) beads can 
be used to dispense local antibiotics and produce 
a space filler [24]. The most important additional 
component of successful treatment is to provide 
adequate soft tissue coverage [25]. The muscle 
flap provides not only protection from outside 
contamination and recontamination, but increases 
the local blood supply (antibiotics) and a reliable 
surgical window for future bone grafting. The 
soft tissue covering the area of bone trauma must 
heal or the existing bone infection will persist or 
the patient will have new bone infections develop 
[26]. A clinical example would be an acute 
infected proximal tibia fracture that was plated 
10 weeks early, requiring removal of hardware, 
partial cortical debridement (type II osteomyeli-
tis), gastrocnemius rotational muscle flap, and 
definitive ring fixator for stability (Fig. 26.6).

Fig. 26.6 (a, b) AP and lateral x-rays of tibial plateau 
fracture, B host. (c) Open reduction and internal fixation. 
(d) Infected at 3 months but not healed. (e, f) All hardware 

removed, fracture debrided, and TSF applied for type II 
osteomyelitis. (g, h) Healed plateau fracture at 6 months, 
no infection. (i) Clinical result and alignment

a

d e

b c
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The static wire fixator is an important tool in 
the treatment of acute osteomyelitis, particularly 
after 6 weeks when the hardware often needs to 
be removed; yet the fracture still needs stability. 
The ring fixator (particularly Taylor Spatial 
Frames) can extend into the metaphysis, provide 
compression in the oblique plane (compress frac-
tures), can be stable enough for definitive 
 treatment, and does NOT add additional metal 
directly into the infected area. On the other hand, 
if the patient had an infected IM nail after 
6 weeks, with type I or II osteomyelitis, my 

 preferential treatment strategy is to remove the 
nail, debride the bone, and use the antibiotic nail 
temporary for stability, followed by second stage 
renailing when the infection has been eliminated. 
Healing and complete elimination of infection 
should be pursued in the most direct, expedient, 
and cost- effective strategy possible in acute 
osteomyelitis. This is a surgical disease and 
requires a surgical treatment (along with antibiot-
ics) to appropriately address the problem and 
reduce the risk of the development of chronic 
osteomyelitis.

f

i

g h

Fig. 26.6 (continued)
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26.4  Chronic Posttraumatic 
Osteomyelitis

Posttraumatic osteomyelitis is an unfortunate con-
sequence of injuries resulting from the treatment 
of open fractures and open treatment of closed 
fractures, which develops after at least 3 months. 
Often the soft tissue envelope is significantly com-
promised, producing poor blood supply and limit-
ing surgical access to the bone. Cierny et al.’s [1, 2] 
type III (complete single cortex) and stage IV (per-
meative) are most often seen. Type IV osteomyeli-
tis is by far more common because it is seen, but 
not limited to, patients with infected nonunions.

The basic steps to treating patients with 
chronic osteomyelitis are debridement of infected 
bone, obliteration of dead space, restoration of 
the blood supply, obtaining adequate soft tissue 
coverage, stabilization of the bone, and recon-
struction of the defect.

Patients with type III can be treated without 
segmental reconstruction because the osteomy-
elitis has only penetrated one cortex and into the 
medullary canal (Figs. 26.7a, b). The illustrated 
case demonstrates removal of the affected cortex, 
collection of deep culture, and debridement into 
the canal until the bone bleeds. A positive 
“paprika sign” demonstrates punctate bleeding of 
the edges of the cortical bone after resection indi-
cating the surgeon has achieved viable bone mar-
gins at the resection [2]. This can be done with a 
high-speed burr and irrigation to prevent thermal 
necrosis. Antibiotic beads are placed into the 
defect, the soft tissue is closed primarily 
(Fig. 26.7c), and monolateral external fixator is 
added to protect the remaining cortex. Adjunctive 
IV antibiotics are given for 6 weeks and the sim-
ple external fixator allows some weight bearing.

Stage two occurs when the antibiotic course is 
complete, the site looks noninfective, and the 

Fig. 26.7 (a) Midshaft tibia AP x-ray of radiolucent 
osteomyelitis. (b, c) Surgical dissection of type III osteo-
myelitis and placement of antibiotic beads. (d) AP x-rays 

of antibiotic beads and external fixator in place. (e) After 
fixator removed, defect bone grafted and tibia healed

a b

c
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acute phase reactants have normalized. Stage two 
consists of removal of the beads, re-culturing, 
and placement of iliac crest bone graft (ICBG) 
into the defect (Fig. 26.7d). Additional antibiot-
ics are given if the cultures are positive. As a 
technical note, the ICBG should NOT be con-
taminated by the osteomyelitis debridement, 
assuming the osteomyelitis defect may still be 
infected. This will keep the ICBG site from being 
infected by osteomyelitis. If the surgeon chooses 
to harvest the ICBG first, before opening the 
defect, this is not a problem. However, from time 
to time, the surgeon may open the defect and find 
gross pustulant tissue, with the ICBG already 
harvested. If this should occur, it is recommended 
that the ICBG be frozen, the defect is redebrided, 
new antibiotic beads are placed, and the ICBG be 
saved for another surgical day.

Stage IV disease represents bone with multi-
cortical permeative osteomyelitis which requires 

segmental resection of bone to eliminate infec-
tion. This creates a segmental defect, which is 
mechanically unstable. The treatment starts with 
complete eradication of the infected bone with en 
bloc resection. Preoperative gadolinium MRI 
scan is often very helpful to access the 
 osteomyelitis and determine the extent of bone 
resection needed to best eradicate the infection 
[27, 28]. However, the ultimate decision of how 
much bone should be resected is determined on 
the basis of the intraoperative inspection of the 
exposed bone. The viability of the bone can be 
seen where the destruction of the periosteum 
stops and the underlying bone has normal vascu-
larity. The resection can be done with a power 
saw (never the corticotomy) but should be done 
with irrigation to avoid thermal necrosis at the 
margins. It is best to resect the bone perpendicu-
lar to the long axis to produce maximum com-
pression at the docking site. The technique of 

d eFig. 26.7 (continued)

J.K. Sontich



381

resection to produce vascular bone margins is 
crucial, but it is also important to establish a clean 
and biologically viable soft tissue envelope from 
the onset.

Planning ahead to achieve adequate closure of 
the soft tissue after bone resection must be part of 
the preoperative plan. Sometimes by excising the 
segmental osteomyelitis, there is enough redun-
dancy in the skin to place antibiotic beads and to 
close the skin. Other strategies include acute 
shortening of the leg to allow the soft tissue to 
approximate so that closure can occur.

The ideal coverage for all posttraumatic 
deformities remains muscle flap coverage. This 
provides an excellent vascularized soft tissue 
envelope that permits repeat exposure later in the 
course of treatment for redebridement and bone 
grafting. It protects and seals a sterile space and 
promotes blood supply to the area, which helps 
eliminate infection and heal bone at the docking 
site.

It is important to cover the defect early after 
resection of the osteomyelitis to establish a ster-
ile space. Placement of antibiotic spacers into the 
defect serves to bathe the local area with antibiot-
ics and prevent invagination of the newly applied 
soft tissue. At the same time, the orthopedic sur-
gery team should stabilize the bone with an exter-
nal fixator and try not to impede plastic surgeries 
access to the area. Placing a simple uniplanar 
external fixator rather than a ring fixator early 
allows better access for the micro vascular plastic 
surgeons reducing the degree of difficulty for an 
already complicated surgery.

Bone transport, for deficits greater than 2 cm, 
is the most reliable procedure to reconstruct the 
limb. Other techniques, which can reconstruct 
segmental bone defects, include the Masquelet 
procedure [29–32], vascularized fibular grafts 
[33, 34], and shortening procedures [35, 36].

The Masquelet technique has shown promise 
as method to heal defects up to 15 cm and does 
not require lengthening. Stage I of the technique 
involves segmental resection of the infected 
bone, placement of a cement spacer, and stabiliz-
ing the bone with a monolateral external fixator 
in addition to soft tissue coverage. Other stabiliz-
ing methods include plates and screwing and 

intramedullary nailing across the defect [29, 35, 
36]. The reoccurrence of infection does appear to 
be higher with the internal fixation stabilization, 
which is not totally unexpected. Stage II of the 
Masquelet technique involves placing large 
amounts of autologous bone graft inside the self- 
induced periosteal membrane after removal of 
the spacer. Others have used Reamer/Irrigator/
Aspirator (RIA) as the primary source of grafting 
and had successful salvage and no harvest site 
complications [37]. The disadvantages the 
Masquelet technique are the lack of solid cortical 
bone formation, the need for massive autologous 
grafts, and prolonged healing times. It has also 
been my experience and others that bone trans-
port for the femur is less desirable than in the 
tibia because of complications related to knee 
stiffness and soft tissue scarring and prolonged 
course of treatment [38, 39]. The Masquelet tech-
nique is a very attractive reconstruction tool for 
stage IV osteomyelitis and is probably the first 
choice in the femur.

Vascularized fibular grafts have been another 
method of reconstructing segmental defects 
caused by stage IV osteomyelitis. Unfortunately, 
the complications of these reconstructions can be 
extensive [40]. Problems with donor site morbid-
ity, delayed weight bearing, and late mechanical 
failure of the graft have made this technique less 
desirable in most trauma reconstruction centers.

Shortening procedures to heal a bone defect 
of less than 3 cm can be useful in patients with 
extensive comorbidities and willing to accept 
a leg length inequality. However, there are 
 problems associated with acute shortening for 
segmental osteomyelitis. The surgeon should be 
aware of the risk posed by this technique, which 
can cause arteriolar kinking and result in the loss 
of blood supply to the extremity, particularly in 
chronic deformities. It is particularly important 
in these cases to check the pulses in the extrem-
ity during and after the procedure. If the blood 
supply is compromised, the leg should be acutely 
re- lengthened at the defect site until the pulses 
return. Other problems that arise with acute short-
ening include the need to resect healthy fibula and 
reduction in muscle length, causing redundancy 
and loss of mechanical advantage at the ankle.
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The most reliable technique for reconstruction 
of segmental defects of the tibia remains bone 
transport [41–45] (Fig. 26.8). The reconstruction 
usually commences once the soft tissue envelope 
is healed and there is no sign of infection. Usually, 
the definite wire ring transport external fixator 
can be applied, and the active distraction or trans-
port can commence at 6 weeks after the muscle 
flap has been placed. Except for the area of the 
anastomosis, wires and half pins can then be 
placed through the flap at that time without a sig-
nificant risk of flap necrosis.

Stacked Taylor Spatial Frame is my preferred 
setup for transport by placing one frame on top of 
another. The ring can be of different sizes and 
strut types, and lengths are individualized 
depending on the size and location of the defect 
and the length and width of the leg. When the 
defect is midshaft or distal, it is best to proceed 
with proximal to distal bone movement, called 
the antegrade transport. When setting up an ante-
grade transport frame in an average-sized leg, 
medium regular struts are maximally shortened 
between the proximal two rings, and medium fast 
struts are maximally lengthened connecting the 
distal two rings. In this way the frame is pre-
loaded to distract the corticotomy proximally and 
shortening at the docking site distally. By begin-
ning the transport with the proximal struts maxi-
mally shortened and the distal struts maximally 

lengthened, the necessity for strut changeouts 
during transport is reduced. The medium regular 
struts are used proximally because the proximal 
corticotomy requires no acute adjusts. By con-
trast, the defect site distally may require acute 
adjustments on the operating table to line up the 
future docking site more accurately. This can be 
done with the fast struts by unlocking the sleeves, 
lining up the bone under fluoroscopy, and relock-
ing the struts in a better starting position.

A total residual correct (TRC) can then be for-
mulated for the upper and lower stacked frames. 
If the extremity is severely deformed or the over-
all length of the leg is short, a fibula osteotomy 
should be performed after the frame has been 
applied. A fibula osteotomy allows the upper pro-
gram to be completely separated from the lower 
program as long as the fibula remains unhealed. 
If the fibula heals prematurely or is not osteoto-
mized, then total residual correction (TRC) has to 
coincide with equal distance and proceeding at 
the same rate. There are advantages to not oste-
otomizing the fibula when no other deformity 
exists except for segmental bone loss. The fibula 
provides internal mechanical stability to the con-
struct. The fibula can be captured by the proximal 
ring and distal ring, bridging the defect and pro-
viding a bone track for the tibia to transport. 
Minor adjustment in angulation, translation, and 
rotation may be accomplished with the fibula 

Corticotomy
Doesn’t need
muscle flap

Needs
muscle

flap

6-8 weeks

Bone Graft

Flap coverage
+

IVATB

Fig. 26.8 The treatment of stage IV osteomyelitis begins 
with complete resection of infected bone and placement 
of antibiotic beads. Muscle flap coverage, if needed, 
should be accomplished with a uniplanar external fixator. 

Stacked transport commences when the soft tissue is 
closed. Prior to docking, beads are removed, ICBG 
inserted, and fibula osteotomized. New TRC programs are 
generated at the docking and distraction site
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intact, but this is restrictive. Major corrections in 
stacked transport require a fibular osteotomy.

If the leg is short with a segmental defect, then 
the lengthening program proximally needs to be 
greater than the shortening program distally. 
Obviously, a fibula osteotomy is required and the 
lengthening should be at a faster rate than the 
shortening to decrease the risk of the fibula heal-
ing during the transport. In posttraumatic defor-
mities in adults, the maximum rate should be 
0.75 mm/d. In this case the shortening of the seg-
mental defect might progress at 0.5 mm/d, pro-
ducing lengthening of the fibula at 0.25 mm/d, 
usually reducing the risk of preconsolidation of 
the fibula during transport. If one prefers to 
shorten and lengthen at the same rate during the 
transport, excising a small segment of the fibula 
(5 mm) during the osteotomy can also prevent the 
fibula from healing prematurely. Occasionally 
this may result in a nonunion of the fibula, but a 
midshaft fibula nonunion is rarely symptomatic if 
the tibia heals appropriately.

Unfortunately, nonunions of the docking site 
of the tibia have been shown to be problematic in 
transport literature [41–45]. Preventing invagina-
tion of the soft tissue can be accomplished by 
placing an antibiotic string of beads in the defect 
and allowing the beads to compress at the dock-
ing site as the transport proceeds. The beads will 
compress to the extent they occupy the potential 
space of the docking site. Just before the beads 
prevent mechanical advancement of the leading 
bone segment, the beads are removed, repeat cul-
tures are taken, and autologous cancellous iliac 
crest bone graft (ICBG) is placed into the defect 
during a staged surgery. This serves to remove the 
fibrous scar from the bone ends, and the ICBG 
provides biological stimulation and promotes 
healing. A new TRC program is then created for 
the docking site and the distraction site to fine-
tune the transport and allow ideal docking site 
compression and extremity alignment. Antibiotics 
are reinstituted if cultures are positive (this maybe 
a different organism than originally cultured). 
The transport is continued until the docking site 
is compressed with the ICBG and the extremity 
has achieved the desired length. Recurrence of 
osteomyelitis after stacked  transport has been 

less than 5 %, but appropriate initial debridement 
is the key eliminated infection.

Retrograde transport is indicated when the 
segmental osteomyelitis is located in the proxi-
mal one-third of the tibia. This requires a distal 
corticotomy and a proximal docking site, and the 
fast struts are placed proximally and the regular 
struts distally. The distal to proximal transport 
does not create regenerate as easily as antegrade 
transport, so the rate usually needs to be reduced 
(between 0.5 and 0.7 mm/d). No more than 
70 mm of new bone can be consistently created 
with retrograde transport.

26.4.1  Infected Nonunions

Infected nonunions represent one of the worst 
problems that the orthopedic trauma surgeon 
confronts. These types of nonunions are a combi-
nation of stage IV osteomyelitis, bone loss, and/
or gap and an unhealed fracture. AO techniques 
have difficulty addressing large bone deficits and 
often rely on placing internal fixation in an area 
with marginal soft tissue coverage and previous 
infection. The recurrence of infection is greater 
when metal is required at the nonunion site, prob-
ably related to the affinity of bacteria for metal 
and the creation of a biofilm by 6 weeks. The 
Taylor Spatial Frame (TSF) offers many advan-
tages in the treatment of infected nonunions and 
may represent the best available technique to 
help treat this difficult problem. Even using the 
TSF, infected cases still have a higher risk of ini-
tial failure and persistent nonunions than those 
cases without infection [46].

Stacked TSF appears to have advantages even 
over the standard Ilizarov transport frame when 
comparing the two groups on several variables 
[46]. A large cohort of 45 patients with TSF 
stacked transport for infected nonunions was fol-
lowed for 7 years and compared with a similar 
cohort of 25 patients treated with standard 
Ilizarov transport all done by a single surgeon. 
The TSF transport group displayed better align-
ment of the extremity (3 vs. 8° of angular defor-
mity) because of the ability to fine-tune the 
regenerate and the docking sight using the TRC 
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program. There were fewer surgeries required for 
healing in the TSF group when compared with 
the standard Ilizarov transport group. Fewer sur-
geries were required because the frame could be 
adjusted outside the operating room theater. The 
TSF group had slightly greater healing times for 
the regenerate, which was attributed to the single 
daily turning schedule of the TSF.

However, the transport process for infected 
nonunions is not without complications, even 
with the TSF adjustability. There were 29 major 
complications but no residual infections after 
healing. Nine patients experienced delayed 
unions at the docking site, four delayed unions of 
the regenerate, five soft tissue problems at the 
docking site, and two amputations.

The musculoskeletal functional outcome 
scores for the TSF group improved from 1 year 
[22] to 3 years after removal, approaching a nor-
mal range. It is important for the surgeon and the 
patient to understand that TSF transport for 
infected nonunions is a limb salvage technique in 
which the patients spend an average of 10 months 
in the frame and may not reach potential maxi-
mum functional outcome for 3 years.

The standard Ilizarov transport with the use of 
TSF rings still has a role in the treatment of 
infected nonunions with bone loss. The standard 

technique should be used in those infected non-
unions that only have a well-aligned defect after 
resection, no leg length inequality, and preferably 
an intact well-aligned fibula. In these uncompli-
cated cases, the Ilizarov transport is simple, is 
less expensive, and may produce better regener-
ate. If the patient develops malalignment of the 
regenerate or the docking site, the threaded rods 
can be switched out for TSF struts and a TRC 
program performed to realign the bone.

This author prefers to use the TSF stacked 
transport for most infected nonunions (Fig. 26.9). 
Antibiotics are held for 10 days before surgery. 
The first stage of the surgery, as was the case 
for stage IV osteomyelitis, is to remove all the 
infected and avascular bone and hardware at the 
site. Three sets of deep culture are accompanied 
by this debridement, and an antibiotic string of 
beads is loosely placed into the gap. The incision 
is closed. It is important to have a durable soft 
tissue envelope that will keep the defect sterile, 
prevent recurrence of infection, and allow for 
future exposure to remove the beads and add iliac 
crest bone to the docking site. This can be done 
in a single stage if the soft tissue is viable after 
hardware removal and bone resection. The TSF 
 transport frame can then be applied, the corti-
cotomy placed in the virgin area of bone, and 

Fig. 26.9 Infected nonunions require excision of infected 
and necrotic bone, deep cultures, and placement of beads. 
The stacked TSF can be placed as long as the soft tissue 

can be closed. Docking site and regenerate site can be 
realigned, as long as the fibula osteotomy is still mobile
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the transport started postoperatively (after a 
5–10 day latency period). Infectious disease con-
sultation should be obtained and appropriate anti-
biotics started.

When the defect has reduced to 1–2 cm during 
the transport with beads compressed, the patient 
is taken back to the operating room, the docking 
site is reopened, antibiotic beads are removed, 
the defect is recultured, and an ICBG is placed 
into the site. The docking site is closed. The fib-
ula may need to be re-osteotomized if length of 
the extremity or major realignment of the dock-
ing site is required. Generally, a new TRC pro-
gram is calculated for the docking site and the 
regenerate site to fine-tune the reduction. The 
transport is continued until the docking site is 
fully compressed and the limb is at the desire 
length. The consolidation phase is generally lon-
ger than the distraction phase. The frame should 
be dynamized 2 months before removal. The 
frame is removed in the operating room once the 
regenerate and docking site are healed.
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27.1  Introduction

The multiply injured patient with concurrent 
skeletal fracture presents an intricate problem for 
the orthopedic traumatologist because of the 
challenges of fracture treatment coupled with the 
interaction of multiple tenuous organ systems. In 
focusing the attention towards the musculoskele-
tal injury, the orthopedic traumatologist must first 
recognize the key factors comprising the damage 
to the local musculoskeletal environment that 
may potentiate systemic organ failure in a criti-
cally ill patient. Emergent management of a frac-
ture associated with vascular injury or 
debridement of a grossly contaminated open 
fracture for example, aids in maintaining the 
well-being of other injured organ systems and 
prevents systemic compromise of a critically ill 
patient; however, more difficult decisions need to 
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be rendered initially to prevent musculoskeletal 
complications such as malunion and nonunion 
that manifest later in the subacute phase of 
trauma, which may have a less clear benefit 
acutely to the systemic health of the patient.

Prior to the advent of damage control orthope-
dics in the early 1980s, there were many propo-
nents for conservative treatment of fractures in the 
poly-traumatized patient. This paradigm was based 
on the theorized complications arising from local 
manipulations of the fracture site and systemic 
vulnerability of the multiply-injured patient [1–3].

Bone et al. published the first prospective ran-
domized study in this area in 1989. The authors 
noted a profound decrease in the incidence of 
pneumonia, fat-emboli syndrome, ARDS, and 
morbidity from pulmonary sepsis in the patients 
randomized to early surgical fixation as compared 
to those treated greater than 48 h after injury. 
Furthermore, patients treated with early operative 
intervention required a shorter ICU and hospital 
stay which translated to a significantly decreased 
cost of medical care relative to the group treated 
with delayed surgery [4]. Poorer outcomes were 
correlated with a longer duration of skeletal trac-
tion prior to the formal reconstructive surgery [5]. 
These complications are in part believed to be 
evoked through scar tissue that forms in and 
around the fractured bone ends which is difficult 
to manage at the time of the delayed operation. 
Furthermore, the development of necrotic tissue 
around the fracture hematoma can cause an 
expanding area of devascularized bone and soft 
tissues. These factors complicate operative tech-
niques, fracture healing and ultimately outcomes. 
These patients are unable to mobilize major joints 
which can result in profound stiffness and muscu-
lar atrophy, which complicates the physical recov-
ery from such devastating injuries and lengthens 
the course of therapy that is required [6].

27.2  Damage Control Orthopedic 
Surgery and Optimal Timing 
of Definitive Fracture Care

With the knowledge that delayed definitive frac-
ture care resulted in less than optimal musculo-
skeletal outcomes and the emerging research of 

the 1980s indicating that early operative treat-
ment in the poly-trauma patient population may 
be more safe than previously anticipated, ortho-
pedic traumatologists continued to refine the 
definition of early operative care. This significant 
change in philosophy was questioned as being 
too extreme by a series of orthopedists including 
Pape et al. who demonstrated increased mortality 
and pulmonary morbidity in patients with lung 
contusions treated with intramedullary nail place-
ment in the first 24 h following injury [7]. The 
theory behind these findings was that the inser-
tion of an intramedullary nail may dislodge bone 
marrow components causing embolization to the 
lungs. In a patient already suffering from a pul-
monary injury, embolized marrow contents were 
believed to theoretically provide an additional 
stress or “second hit” that could not be handled 
by the pulmonary system. This concept formed 
the basis of “damage control orthopedic surgery,” 
which was first popularized by Pape in Germany 
in the 1990s [8]. The concept of “damage- 
control” was subsequently translated into the 
practice of orthopedic surgery by Pape in 
Germany and first instituted in North America by 
Scalea and colleagues in the 1990s. The principal 
tool of damage control orthopedic surgery is the 
external fixator which is utilized in trauma 
patients with associated neurologic, hemody-
namic, thoracoabdominal, and/or multiple ortho-
pedic injuries that precluded an initial definitive 
fixation procedure [9]. Achieving rapid align-
ment not only served to lessen the risk of mal-
union and nonunion in these patients but also 
limited ongoing muscle damage, hemorrhage, 
and inflammatory stimulation caused by the 
injured extremity.

27.3  Stratification of the Poly- 
traumatized Patient Based 
on Host Physiology 
and Local Soft Tissue 
Environment

For those poly-traumatized patients presenting 
in extremis, temporizing orthopedic treatments 
should be contemplated in the treatment proto-
col. In these patients, a prolonged orthopedic 
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 procedure has the potential to exacerbate the 
systemic inflammatory state and impair already 
tenuous organ systems. It is in this subset of 
patients that damage control orthopedic surgery 
principles prove to be most applicable [10]. This 
entails achieving rapid skeletal stabilization of 
skeletal fractures to stop the cycle of ongoing 
musculoskeletal injury and to control hemor-
rhage. External fixation devices are the primary 
modality of treatment for extremity and pelvic 
trauma in this subset of patients.

27.3.1  The External Fixator 
as a Temporizing Device

The external fixator is an invaluable tool in the 
management of the poly-traumatized patient. 
Application of an external fixator is a rapid mea-
sure that restores gross skeletal alignment and 
functions as traveling traction. Skeletal stability 
decreases ongoing bone hemorrhage and stops 
cycle of injury to the surrounding soft tissue 
sleeve. An external fixator, opposed to a splint, 
provides more rigid skeletal stability and allows 
access for treating/monitoring the soft tissue 
environment including open wounds and extrem-
ity compartments.

The fixator, however, is rarely a definitive treat-
ment and is most commonly used as a temporizing 
device awaiting either host resuscitation or local 
soft tissue trauma resolution. Fractures definitively 
managed with a simple external fixation scheme 
are prone to nonunion/and or unacceptable defor-
mity. Thus, revision to definitive internal fixation 
is the preferred management algorithm.

In order to promote reliable healing without 
deformity of long bone fracture, conversion to 
intramedullary nail is safe and effective within 
a 2-week period. However, resuscitation/opti-
mization of the patient for this minimally inva-
sive procedure is typically achievable within 
the first 24–48 h. Nailing allows for more rigid 
internal fixation without the risk of significant 
deformity when performed by the orthopedic 
traumatologist.

Periarticular fracture, however, may deserve 
a more conservative approach. Lengthy recon-
structive procedure is typically not warranted 

in the sick poly-traumatized host. Further, local 
soft tissue conditions are often prohibitive to safe 
invasive surgery. Thus, the fixator can be used 
for a more prolonged period of time to allow 
for host optimization and local soft tissue injury 
 resolution [11].

High energy fractures involving the leg, foot, 
and ankle are infamously plagued with infection 
from wound related complication after injudi-
cious acute operation especially in the compro-
mised host. The concept of staged care using 
interval external fixation has been popularized 
for fractures of the tibial plateau and pilon. An 
extension of this concept has been adapted for 
the high energy midfoot dislocation as well 
(Fig. 27.1). Kadow et al. [12] from the University 
of Pittsburgh reported usage of external fixation 
in the poly-trauma patient with severe midfoot 
fracture/dislocation. Promising results were 
reported using the frame as a rigid splint allow-
ing for maintenance of gross skeletal alignment 
until definitive surgery was indicated (ORIF or 
selected fusion) based on host physiology and 
local soft tissue conditions [12].

27.4  Acute Total Orthopedic Care 
in the Poly-traumatized 
Patient with Associated 
Fracture

The breadth of research examining the poly- 
traumatized patient with associated long bone 
fractures has provided a foundation with which to 
further explore and refine treatment algorithms of 
orthopedic injuries in this patient population. The 
current approach to the poly-traumatized patient 
with skeletal fracture underscores the principle of 
early total care.

Early total care, when safe and feasible based 
on host and local conditions, affords the multiply- 
injured patient the best chances for long-term 
functionality. Long-term outcomes of poly- 
trauma survivors are often predicated on out-
comes of associated musculoskeletal injury [13]. 
Thus, avoiding malunion and nonunion are of 
paramount importance for optimizing long-term 
outcomes after high energy trauma. Current care 
paradigm suggests that patients should receive 
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definitive skeletal fixation once their systemic 
and local physiology can tolerate the required 
anesthesia, blood loss, and inflammatory 
response associated with operative fracture 
reduction and stabilization [14, 15].

27.5  Averting Malunion 
with an Optimized Initial 
Treatment Plan

The need for posttraumatic reconstruction is cer-
tainly inevitable in the poly-trauma patient popu-
lation secondary to either nonunion, malunion or 
both. However, a primary goal of care in the acute 
setting is to prevent significant deformity leading 
to malunion. Early total fracture care in the poly- 
traumatized patient certainly minimizes the risk 
of developing malunion. Fracture reduction/
instrumentation is drastically simplified and 
more reliable.

Underscoring the principle of averting mal-
union, symptomatic deformity correction is typi-
cally a complex posttraumatic reconstructive 
process (Fig. 27.2). Angular and/or rotational 
deformity requires corrective osteotomy. 
Operation through a contracted soft tissue enve-
lope can lead to muscle imbalance or worse com-
promise of vital neurovascular anatomy. Further, 
even in the absence of major complication, out-

comes after successful deformity correction can 
certainly be less than optimal in terms of ultimate 
patient outcome and satisfaction [16].

27.6  Nonunion Reconstruction 
After Poly-trauma

When devising a treatment algorithm in the acute 
phase of injury, preventing skeletal fracture non-
union is of secondary importance relative to avoid-
ance of deformity because of technical factors and 
physiologic impact of the procedures intended to 
correct these complications. From a technical 
standpoint, surgical corrective procedures for non-
union are less demanding for the treating orthope-
dic traumatologist and thus have a greater 
propensity to result in successful patient outcomes 
in contrast to analogous procedures for malunion.

For example, in the lower extremities, diaphy-
seal fractures of the tibia or femur that have been 
treated acutely with intra-medullary nailing but 
which have failed to unite can be treated with 
exchange nailing using a larger diameter rod 
[17]. If alignment and rotation of the long bone 
has already been restored during the index proce-
dure, then this revision operation requires little 
technical consideration relative to an osteotomy 
procedure required for correction of malunion. 
Furthermore, reaming incites a healing response 

a b c

Fig. 27.1 External fixator used as temporizing device 
awaiting soft tissue resolution in this multiply injured 
with severe midfoot fracture/dislocation. (a) Mid foot 

fracture/dislocation in multiply injured patient. (b, c) 
External fixator used as a temporizing device awaiting 
soft tissue resolution 
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and provides local bone graft at the nonunion site 
while the minimal surgical exposure needed for 
surgical execution does not disrupt the local soft 
tissue vascularity.

For the small percentage of diaphyseal frac-
tures that still do not heal with exchange intra- 
medullary nailing or similarly those periarticular 
fractures that have not united following the index 

a b

c d e

Fig. 27.2 A 20-year-old poly-trauma patient referred with 
significant malunion causing pain and ambulatory dysfunc-
tion. Malunion was associated with valgus and internal 
rotation deformity as well as shortening. Patella was chron-
ically dislocated laterally. Complex posttraumatic recon-
structive ladder was required, highlighting the consequences 
of marginal acute care. Osteotomy was performed to cor-
rect coronal, rotational. and length deformities. Further, 
soft tissue contracture release was necessary as well. 

Although the patient healed uneventfully, a 6-month course 
of healing/rehabilitation was required to achieve acceptable 
functionality. (a) Preoperative AP weightbearing radio-
graph. (b) Axial CT scan of right lower extremity. (c, d) 
Preoperative fluoroscopic image of the right knee with 
mechanical axis of the right lower extremity depicted in 
red. Intra-operative fluoroscopic image of the right knee 
with mechanical axis of the right lower extremity depicted 
in red. (e) Postoperative AP radiograph of right knee
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formal reconstruction with various plating strate-
gies, a revision operation consisting of a more 
extensive surgical dissection with plate applica-
tion and utilization of biologic agents will likely 
be required. The objective under these circum-
stances is to provide additional mechanical sta-
bility as well as biologic factors to improve 
fracture healing potential.

In the case of nonunion after exchange nail-
ing for a diaphyseal fracture, the plate spans the 
fracture site with the screws directed around the 
intra-medullary implant. Conversely, when 
nonunion is experienced at the site of a periar-
ticular fracture, a supplemental plate must be 
applied within a new three-dimensional plane. 
In either situation, the surgical dissection is 
more extensive, however if the mechanical axis 
of the fracture is aligned and rotationally con-
trolled then plate application and bone grafting 
imparts less stress to the local soft tissue envi-
ronment and remains technically less demand-
ing than correctional osteotomies formal-united 
fractures [18].

27.7  Biologic Supplementation 
for Nonunion After 
Poly-trauma

In addition to adding increased mechanical sta-
bility during nonunion reconstruction proce-
dures, the biology within the local soft tissue 
environment must be enhanced in order to pro-
mote fracture healing in aseptic atrophic or oligo-
trophic cases. Most commonly non-structural 
cancellous autogenous or allogenic bone graft is 
incorporated into the fracture site to augment the 
local biology in these cases. Autogenous cancel-
lous bone graft is osteogenic, osteoconductive, 
and osteoinductive and is therefore the gold stan-
dard grafting material. Bone graft from the iliac 
crest is preferred due to the large quantity of 
osseous tissue that can be extracted, and further-
more some researchers believe that iliac crest 
bone of intramembranous origin may be more 
osteoconductive than bone of enchondral origin 
[19]. Shortcomings of harvesting autologous 
bone graft include the limited amount of bone 

and complications at the donor site including 
infection and pain.

Recently, innovative methods have been 
devised to extract autlogous bone graft from the 
intra-medullary canal and condyles of long 
bones. This reamer irrigator aspirator (RIA) tech-
nique enables the extraction of significantly large 
volumes of autologous bone compared to iliac 
crest bone grafting therefore obviating the need 
to incorporate bone graft substitutes into non-
union surgery [20]. Additionally, bone graft from 
the femoral intra-medullary canal is believed to 
demonstrate similar osteogenic potential to autol-
ogous iliac crest bone graft. These devices have 
characteristics that are unique in comparison to 
traditional femoral reamers including cutting and 
suctioning designs that increase the risk for iatro-
genic fracture and blood loss making it vital to 
fully comprehend these capabilities prior to use 
[21].

Allogenic bone graft functions primarily as an 
osteoconductive material that is typically used in 
conjunction with autologous bone graft materials 
to fill larger skeletal defects. Allogenic bone graft 
is advantageous because it is obtainable in greater 
quantity, however, it is less biologically active 
compared to autologous bone graft. Combining 
allograft cancellous bone with an osteoinductive 
agent is a common practice such as recombinanat 
bone morphogenic protein [22, 23]. However, the 
relative osteoinductive capability must be 
weighed against the potential harmful side effects 
including carcinogenic risk [24].

27.8  Strategic Bone Grafting 
Approaches

Achieving bone graft incorporation and unevent-
ful nonunion resolution is both art and science. 
The desirable mechanical environment typically 
includes rigid nonunion stabilization to allow for 
bone graft healing via creeping substitution. The 
soft tissue milieu necessary includes a well vas-
cularized muscular sleeve.

The nonunion site should be debrided to 
healthy margins removing all interposed scar and 
necrotic bone ends. Stimulation of the nonunion 
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site is effective by using the feathering method 
with either osteotome, drill or low speed bur. If 
fracture geometry is conducive without excessive 
shortening, bone graft is applied at the nonunion 
site and mechanical compression is maintained.

Besides direct application of bone graft to the 
nonunion, autograft and/or allograft/bmp can be 
used more creatively. For instance, tibia non-
union in the setting of an intact fibula is a desir-
able indication for creation of a surgical 
synostosis in an effort to restore long-term skel-
etal stability via creation of a one-bone leg 
(Fig. 27.3). Posterolateral grafting is ideally 
suited for diaphyseal tibial nonunion whereby the 
cancellous graft is applied along the well vascu-
larized interosseous membrane below the poste-
rior compartment musculature. For distal third 
fractures, a central bone grafting technique has 
been popularized [25].

In contrast, creation of a surgical synostosis 
would not be an effective strategy for radius and/
or ulna nonunion. Functionality secondary to 
restricted forearm rotation would make this strat-
egy less than ideal. Therefore, bone graft contain-
ment can be achieved with placement of a rigidly 
applied tricortical graft.

27.9  Open Fracture with Bone 
Loss: “Expected Nonunions”

The acute total care principles can be further 
applied to the poly-traumatized patient sustaining 
high grade open fracture with bone loss. 
Aggressive open fracture care is indicated to 
remove septic nidus yet typically bone defect is a 
result. The initial aim of the osseous reconstruc-
tion is to restore the alignment so as to prevent 
development of deformity. For diaphyseal frac-
tures of the lower extremities, intra-medullary 
nailing is the standard care paradigm for rapidly 
establishing rigid internal splinting. In contrast, 
periarticular fractures are typically stabilized 
with fixed angle plate osteosynthesis (Fig. 27.4). 
Intra-articular fractures are precisely aligned then 
bridged to the shaft with appropriate length, 
alignment, and rotation [26]. Rigid stability of 
the fracture provided by the internal fixation will 

not only stop the cycle of ongoing injury but also 
allow for early patient comfort, mobility, and 
early physiotherapy during the subacute recovery 
phase from the trauma.

“Expected nonunions” after severe open frac-
tures with bone loss are more easily managed in 
the absence of concomitant deformity. A proven 
methodology is usage of the Masquelet technique 
by initially filling large bone defects with antibi-
otic beads to encourage wound sterilization and 
neovascularization [27]. The antibiotic beads or 
spacer fills the void left by the removal of devital-
ized bone and prevents scar formation at the site 
of bone defect. Antibiotics are eluded from the 
porous cement architecture to aid in preventing 
infection within the local bone/soft tissue envi-
ronment. Further, the beads incite an inflamma-
tory process creating a vascular pocket ideally 
suited for future bone graft incorporation [28].

The staged application of bone graft should be 
delayed until at least 6–8 weeks after the index 

Fig. 27.3 Previous poly-trauma patient with Grade 3b 
open tibia fracture with subsequent nonunion refractory to 
exchange nailing. Posterolateral bone grafting strategy 
performed creating a so-called one bone leg
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procedure in order to allow healing of the host 
and the local soft tissue environment [29]. Prior 
to this time point, the host typically has a low 
physiologic reserve and the traumatized local 
soft tissue environment displays poor vascularity. 
In the acute phase following injury, the patient is 
still trying to heal multiple organ system injuries 
and will have a high metabolic demand making it 
difficult to distribute enough nutrients to heal the 
bone grafting procedure. Furthermore, the trau-
matized local soft tissue environment is not at an 
optimal state to support fracture healing as the 
wound bed has not had time to re-vascularize. 
For these reasons, a staged bone grafting protocol 
is believed to permit optimal fracture healing 
using the concept “Timing is everything!” [30].

After optimization of host physiology includ-
ing nutrition, the focus can then be shifted 
towards bone defect reconstruction. Autologous 
cancellous bone grafting can be extracted from 
various sites as described above. Harvest from 
the pelvis or via the RIA technique is most popu-
lar. Autograft extenders can be used for large 
defects such as allograft cancellous chips. 
Further, osteoinductive agents such as BMP can 
be added in hosts with severe bone loss and poor 
fracture healing capability.

In addition to bone grafting the void, a rigid 
mechanical environment is required to create 
a biomechnical milieu optimized for fracture 
consolidation. In the case of a retained nail for 
diaphyseal fracture, there are two options to cre-
ate further rigidity. Exchange nailing not only 
generates bone graft and stimulates a healing 
response, but also promotes rigidity through pas-
sage of a larger diameter rod. Another technique 
includes nail retention and plating around the 

 intramedullary device. The plate is applied via 
the exposure used for open bone grafting tech-
nique. In the case of the periarticular fracture, 
supplemental plating of the adjacent or opposite 
bone column is an effective strategy to promote 
an optimal mechanical environment for bone 
graft consolidation.

For example, open supracondylar femur frac-
ture is commonly encountered in the poly-trauma 
patients typically from high speed motor vehicle 
trauma as a result of direct impact from dash-
board. Dugan et al. reported a staged protocol 
consisting of aggressive open fracture, locked 
laterally based plating, as well as antibiotic bead 
placement at site of bone defect in the acute set-
ting. Bone grafting and parallel plating was then 
performed after host and local physiology were 
optimized. Successful outcomes in terms of 
union and alignment were observed [30].

Clearly, however, the orthopedic traumatolo-
gist can employ other care paradigms based on 
the individual host and injury pattern. The usage 
of the multi-planar external fixator such as the 
Ilizarov frame can be invaluable in selected cir-
cumstances. Controlled management of defor-
mity in association with nonunion/bone loss is a 
typical example [31]. These circular frames using 
tensioned wires can be used to modify alignment 
while also allowing correction of bone loss 
through distraction osteogenesis.

Despite the effectiveness in managing the bony 
reconstruction, this apparatus is infamously fraught 
with complications especially pin site infection 
and patient dissatisfaction. These external fixators 
are burdensome devices that are typically donned 
for a prolonged period of time. Therefore, in 
spite of the capability to perform large deformity 

Fig. 27.4 Minimally invasive 
bridge plating of comminuted 
periarticular fracture restores 
alignment preventing deformity 
while preserving fracture 
biology and encouraging bony 
union
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 correction with a multi-planar external fixator, if 
the anatomic and mechanical axes of the bone is 
restored at the index procedure, using the princi-
ples of acute total fracture care, then the primary 
benefit of the external fixation method is lost.

27.10  Innovative Posttraumatic 
Reconstructive Strategies 
for Nonunion/Malunion

Anatomy and joint preserving operation for the 
management of nonunion/malunion in the previ-
ously poly-traumatized patient is typically the 
preferred care plan especially in the young active 
patient. Arthroplasty or arthrodesis strategies for 
periarticular nonunion and/or malunion, how-
ever, should certainly be in the treatment arma-
mentarium for selected cases.

Indications for arthroplasty procedure or 
fusion include nonunion and/or malunion associ-
ated with irreversible damage to adjacent joint. 
Specific conditions include high energy periar-
ticular injury with profound associated chondral 

damage and/or avascular necrosis. Arthrodesis or 
joint replacement under these circumstances has 
the potential to improve functionality/outcomes 
by concomitantly addressing inevitable posttrau-
matic arthrosis (Fig. 27.5).

A standard example would include the older 
patient with femoral neck nonunion/AVN. Total 
hip arthroplasty has the advantage of addressing 
the nonunion as well as intra-articular pathology. 
The combination of nonunion, AVN, and arthro-
sis after talar neck fracture is a popular indication 
for arthrodesis. Further, Gruen et al. has recently 
described optimal union/functional outcomes for 
addressing pilon fracture nonunion with posterior 
blade plate arthrodesis [32].

More innovative strategies for periarticular 
nonunion include the usage of megaprosthesis 
(Fig. 27.6). Metadiaphyseal nonunion of the 
proximal and distal femur are examples of sce-
narios in which megaprosthesis in the form of 
proximal femoral replacement or distal femoral 
replacement may be utilized [33, 34]. Despite 
immediate success, long-term implant reliability, 
and durability are concerns.

a bFig. 27.5 Tibiotalar calcaneal 
fusion performed as a 
postreconstructive procedure 
for talar neck nonunion 
associated with avascular 
necrosis and posttraumatic 
arthrosis (a) AP x-ray 
(b) Lateral x-ray
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 Conclusion

The paradigm of orthopedic fracture care in 
the poly-traumatized patient has evolved from 
a period of delayed internal fracture fixation 
fraught with complications of nonunion and 
malunion to the theory of acute total care. 
Over this span, it has been demonstrated that 
early fracture stabilization tailored to the 
patient’s systemic physiology and local soft 
tissue conditions does not place the patient at 
increased risk of systemic compromise but 
instead halts the cycle of ongoing musculo-
skeletal injury and fracture associated hemor-
rhage. Further, early fracture fixation limits 
the risk of malunion and nonunion while 
enabling early aggressive rehabilitation 
thereby maximizing outcomes.

Accordingly, employing damage control 
orthopedic surgery principles, poly-trauma-
tized patients presenting in extremis or those 
with severely damaged soft tissue environ-
ments should receive rapid stabilization with 
an external fixator followed by later conver-
sion to definitive fixation. However, all other 
patients should receive acute total fracture 
care consisting primarily of internal fixation 
to restore length, alignment and rotation of the 
fractured long bone. Interval external fixation 
still has a prominent role for staged manage-
ment of high energy periarticular fracture.

Averting deformity is the primary objective of 
acute total care in an effort to simplify the postre-
constructive care plan. On the contrary, nonunion 
can be tolerated in the subacute phase of recovery 
assuming that the mechanical alignment and 
rotation have been restored during the index sur-
gical procedure. Nonunion surgery can 
 subsequently be delayed until the patient has 
adequately healed other organ injuries and has 
improved nutrition so as to optimize the potential 
for fracture healing. These principles can then be 
applied to diverse patient conditions in order to 
obtain the most advantageous outcome.

References

 1. Tscherne H, Schreyer H, Magerl F. Pulmonary and car-
diac x-ray findings in traumatic fat embolism. Fortschr 
Geb Rontgenstr Nuklearmed. 1967;106:703–10.

 2. Smith J. The results of early and delayed internal fixa-
tion of fractures of the shaft of the femur. J Bone Joint 
Surg Br. 1964;46:28–31.

 3. Riska EB, von Bonsdorff H, Hakkinen S, Jaroma H, 
Kiviluoto O, Paavilainen T. Prevention of fat embo-
lism by early internal fixation of fractures in patients 
with multiple injuries. Injury. 1976;8(2):110–6.

 4. Bone LB, Johnson KD, Weigelt J, Scheinberg 
R. Early versus delayed stabilization of femoral frac-
tures: a prospective randomized study. J Bone Joint 
Surg Am. 1989;71:336–40.

 5. Seibel R, LaDuca J, Hassett JM, Babikian G, Mills B, 
Border DO, Border JR. Blunt multiple trauma (ISS 
36), femur traction, and the pulmonary failure-septic 
state. Ann Surg. 1985;202(3):283–95.

 6. Taeger G, Ruchholtz S, Waydhas C, Lewan U, 
Schmidt B, Nast-Kolb D. Damage control orthopedics 
in patients with multiple injuries is effective, time sav-
ing, and safe. J Trauma. 2005;59(2):409–16.

 7. Pape HC, Auf‘m’Kolk M, Paffrath T. Pri-mary intra-
medullary femur fixation in multiple trauma patients 
with associated lung contusion: a cause of posttrau-
matic ARDS? J Trauma. 1993;34:540–7.

 8. Rotondo MF, Schwab CW, McGonigal MD, Phillips 
3rd GR, Fruchterman TM, Kauder DR, Latenser 
BA, Angood PA. ‘Damage control’: an approach 
for improved survival in exsanguinating pen-
etrating abdominal injury. J Trauma. 1993;35(3): 
375–82.

 9. Scalea TM, Boswell SA, Scott JD, Mitchell KA, 
Kramer ME, Pollak AN. External fixation as a bridge 
to intramedullary nailing for patients with multiple 
injuries and with femur fractures: damage control 
orthopedics. J Trauma. 2000;48:613–21.

Fig. 27.6 Performance of proximal femoral replacement 
in geriatric poly-trauma patient to manage peritrochan-
teric fracture nonunion

N. Greco et al.



397

 10. Lichte P, Kobbe P, Dombroski D, Pape HC. Damage 
control orthopedics: current evidence. Curr Opin Crit 
Care. 2012;18(6):647–50.

 11. Tarkin IS, Clare MP, Marcantonio A, Pape HC. An 
update on the management of high-energy pilon frac-
tures. Injury. 2008;39(2):142–54.

 12. Kadow TR, Siska P, Evans A, Taskin IS. Staged 
treatment of high energy midfoot fracture dislo-
cations. Foot Ankle Int. 2014;35(12):1287–91. 
doi:10.1177/1071100714552077

 13. Zelle BA, Marcantonio A, Tarkin IS. Functional long- 
term outcomes in poly-trauma patients with orthopae-
dic injuries. In: Pape HC, Peitzman A, Schwab CW, 
Giannoudis PV, editors. Damage control management 
in the polytrauma patient. New York: Springer; 2010. 
p. 439–51.

 14. Schreiber VM, Tarkin IS, Hildebrand F, Darwiche S, 
Pfeifer R, Chelly J, Giannoudis P, Pape HC. The tim-
ing of definitive fixation for major fractures inpoly-
trauma – a matched-pair comparison between a US 
and European level I centres: analysis of current 
fracture management practice in polytrauma. Injury. 
2011;42(7):650–4.

 15. Pape HC, Tornetta 3rd P, Tarkin I, Tzioupis C, Sabeson 
V, Olson SA. Timing of fracture fixation in multi-
trauma patients: the role of early total care and dam-
age control surgery. J Am Acad Orthop Surg. 2009; 
17(9):541–9.

 16. Lasanianos NG, Kanakaris NK, Dimitriou R, Pape 
HC, Giannoudis PV. Second hit phenomenon: existing 
evidence of clinical implications. Injury. 2011;42(7): 
617–29.

 17. Brinker MR, O’Connor DP. Exchange nailing of 
ununited fractures. J Bone Joint Surg Am. 2007;89(1): 
177–88.

 18. Hakeos WM, Richards JE, Obremskey WT. Plate 
fixation of femoral nonunions over an intramedullary 
nail with autogenous bone grafting. J Orthop Trauma. 
2011;25(2):84–9.

 19. Phillips JH, Rahn BA. Fixation effects on membra-
nous and endochondral onlay bone graft resorption. 
Plast Reconstr Surg. 1988;82:872–7.

 20. Kobbe P, Tarkin IS, Pape HC. Use of the ‘reamer irriga-
tor aspirator’ system for non-infected tibial non- union 
after failed iliac crest grafting. Injury. 2008;39(7): 
796–800.

 21. Quintero AJ, Tarkin IS, Pape HC. Technical tricks 
when using the reamer irrigator aspirator technique 
for autologous bone graft harvesting. J Orthop 
Trauma. 2010;24(1):42–5.

 22. Friedlaender GE, Perry CR, Cole JD, Cook SD, 
Cierny G, Muschler GF. Osteogenic protein-1 (bone 

morphogenetic protein-7) in the treatment of tibial 
nonunions: a prospective, randomized clinical trial 
comparing rhOP-1 with fresh bone autograft. J Bone 
Joint Surg Am. 2001;83-A(1 Suppl 2):S151–8.

 23. Jones AL, Bucholz RW, Bosse MJ, Mirza SK, Lyon 
TR, Webb LX, et al. Recombinant human BMP-2 
and allograft compared with autogenous bone graft 
for recon- struction of diaphyseal tibial fractures with 
cortical defects. J Bone Joint Surg. 2006;88-A(7): 
1431–41.

 24. Carragee EJ, Hurwitz EL, Weinner B. A critical 
review of recombinant human bone morphogenic pro-
tein- 2 trials in spinal surgery: emerging safety con-
cerns and lessons learned. Spine J. 2011;11:471–91.

 25. Tarkin IS, Siska PA, Zelle BA. Soft tissue and bio-
mechanical challenges encountered with the manage-
ment of distal tibia nonunions. Orthop Clin North 
Am. 2010;41(1):119–26.

 26. Mitchell SE, Keating JF, Robinson CM. The treat-
ment of open femoral fractures with bone loss. J Bone 
Joint Surg Br. 2010;92(12):1678–84.

 27. Klaue K, Knothe U, Masquelet A. Etret biologique 
des membranes a corps etranger induites in situ sur 
la consolidation des greffes d’os spongieux. Rev Chir 
Orthop Suppl. 1995;70:109–10.

 28. Giannoudis PV, Faour O, Goff T, Kanakaris N, 
Dimitriou R. Masquelet technique for the treatment of 
bone defects: tips-tricks and future directions. Injury. 
2011;42(6):591–8.

 29. Donegan DJ, Scolaro J, Matuszewski PE, Mehta 
S. Staged bone grafting following placement of an 
antibiotic spacer block for the management of sege-
mental long bone defects. Orthopedics. 2011;34(11): 
E730–5.

 30. Dugan TR, Hubert MG, Siska PA, Pape HC, Tarkin 
IS. Open supracondylar femur fractures with bone 
loss in the polytraumatized patient - Timing is every-
thing! Injury. 2013;44(12):1826–31.

 31. Ring D, Jupiter JB, Gan BS. Infected nonunion of the 
tibia. Clin Orthop Relat Res. 1999;369:302–11.

 32. Gruen GS, Mears DC. Arthrodesis of the ankle and sub-
talar joints. Clin Orthop Relat Res. 1991;268:15–20.

 33. Chen AF, Choi LE, Colman MW, Goodman MA, 
Crossett LS, Tarkin IS, McGough RL. Primary versus 
secondary distal femoral arthroplasty for treatment of 
total knee arthroplasty periprosthetic femur fractures. 
J Arthroplasty. 2013;28(9):1580–4.

 34. Colman M, Choi L, Chen A, Crossett L, Tarkin 
I, McGough R. Proximal femoral replacement in 
the management of acute periprosthetic fractures 
of the hip: a competing risks survival analysis. 
J Arthroplasty. 2014;29(2):422–7. Epub 12 Jul 2013.

27 Management of Malunions and Nonunions in Patients with Multiple Injuries

http://dx.doi.org/10.1177/1071100714552077


399© Springer-Verlag Berlin Heidelberg 2016
H.-C. Pape et al. (eds.), The Poly-Traumatized Patient with Fractures:  
A Multi-Disciplinary Approach, DOI 10.1007/978-3-662-47212-5_28

Psychological Sequelae After 
Severe Trauma

Bianca Voss, Frank Schneider, and Ute Habel

Contents

28.1    Introduction  399

28.2    Post-traumatic Stress Disorder  400
28.2.1  Association of PTSD and Traumatic 

Brain Injuries  401
28.2.2  Risk Factors for the Development  

of Psychological Sequelae  402
28.2.3  Gender Differences  402
28.2.4  Treatment Options  403

28.3    Acute Stress Disorder  403

28.4    Psychological Sequelae in Different 
Trauma Settings  403

28.5    Psychological Sequelae in Children  
and Adolescents  404

 Conclusion  404

 References  404

28.1  Introduction

Events that bear the risk for traumatization 
include threat (esp. threat of death) or injuries. 
Especially, long-term psychological conse-
quences after major traumas (also due to illness- 
related impairments) can have serious effects on 
the patient’s quality of life resulting in height-
ened psychological morbidity. As of today, the 
psychological and psychiatric consequences of 
major trauma incidences are only superficially 
explored although psychological consequences 
of traumatic injuries represent a major public 
health burden.

A large influence on the current knowledge 
and literature regarding traumatic injuries to date 
originate from a specific field of research, the 
military personnel. Concerning German military 
personnel a recent study by Wittchen et al. [29] 
included 1599 German soldiers deployed to 
Afghanistan during the ISAF mission and dem-
onstrated a significantly heightened risk of trau-
matic experiences and the development of a 
post-traumatic stress disorder (PTSD) in 
deployed soldiers compared to soldiers stationed 
in Germany. Furthermore, they showed that a 
high percentage of these persons concerned were 
not diagnosed nor treated after their return.

In general, research concerning the psycho-
logical sequelae of major trauma is limited by 
methodological constraints, e.g., the frequent lack 
of a control group in most study settings based in 
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emergency care departments. Therefore, results 
have to be discussed against the background of 
general population-wide prevalence rates rather 
than an injury-specific comparison group.

Among the possible psychological diagnoses 
following major trauma, post-traumatic stress 
disorder (PTSD) and acute stress disorder (ASD) 
are of particular relevance. For PTSD, the three 
most important symptoms include intrusions, 
avoidance and arousal.

The fifth edition of the Diagnostic and 
Statistical Manual of Mental Disorders (DSM 5, 
[2]) requires a history of exposure to a traumatic 
event that fulfills symptoms from four clusters: 
intrusion, aversion, negative alterations in cogni-
tion and mood and alterations in arousal and 
reactivity. Two additional criteria require dura-
tion of the symptoms for more than 1 month and 
the presence of a significant symptom-related 
distress or functional impairment.

ICD-10 criteria for ASD and PTSD are listed 
below [30].

F43.0 Acute Stress Reaction
A transient disorder that develops in an individ-
ual without any other apparent mental disorder in 
response to exceptional physical and mental 
stress and that usually subsides within hours or 
days. Individual vulnerability and coping capac-
ity play a role in the occurrence and severity of 
acute stress reactions. The symptoms show a 
typically mixed and changing picture and include 
an initial state of "daze" with some constriction 
of the field of consciousness and narrowing of 
attention, inability to comprehend stimuli, and 
disorientation. This state may be followed either 
by further withdrawal from the surrounding situ-
ation (to the extent of a dissociative stupor – 
F44.2), or by agitation and over-activity (flight 
reaction or fugue). Autonomic signs of panic 
anxiety (tachycardia, sweating, flushing) are 
commonly present. The symptoms usually appear 
within minutes of the impact of the stressful stim-
ulus or event, and disappear within two to three 
days (often within hours). Partial or complete 
amnesia (F44.0) for the episode may be present. 
If the symptoms persist, a change in diagnosis 
should be considered.

F43.1 Post-traumatic Stress Disorder
Arises as a delayed or protracted response to a 
stressful event or situation (of either brief or long 
duration) of an exceptionally threatening or cata-
strophic nature, which is likely to cause pervasive 
distress in almost anyone. Predisposing factors, 
such as personality traits (e.g. compulsive, 
asthenic) or previous history of neurotic illness, 
may lower the threshold for the development of 
the syndrome or aggravate its course, but they are 
neither necessary nor sufficient to explain its 
occurrence. Typical features include episodes of 
repeated reliving of the trauma in intrusive mem-
ories ("flashbacks"), dreams or nightmares, 
occurring against the persisting background of a 
sense of "numbness" and emotional blunting, 
detachment from other people, unresponsiveness 
to surroundings, anhedonia, and avoidance of 
activities and situations reminiscent of the 
trauma. There is usually a state of autonomic 
hyperarousal with hypervigilance, an enhanced 
startle reaction, and insomnia. Anxiety and 
depression are commonly associated with the 
above symptoms and signs, and suicidal ideation 
is not infrequent. The onset follows the trauma 
with a latency period that may range from a few 
weeks to months. The course is fluctuating but 
recovery can be expected in the majority of cases. 
In a small proportion of cases the condition may 
follow a chronic course over many years, with 
eventual transition to an enduring personality 
change (ICD-10, F62.0).

28.2  Post-traumatic Stress 
Disorder

The lifetime experience of an event that fulfills 
criteria for a trauma is rather frequent within the 
general population [12], but the pure exposure to 
a trauma is not sufficient for the development of a 
PTSD. Four weeks after a traumatic event, the 
prevalence of PTSD is estimated as high as 41 % 
[17]. Lukaschek et al. identified several risk fac-
tors which constitute a higher risk for PTSD. Inter 
alia accidents, nonsexual assault and life- 
threatening illness are associated with a higher 
risk for a full and partial PTSD. These results are 
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interpreted as evidence that the impact or 
 consequences following a traumatic event 
depends on characteristics of the event as well as 
individual factors of the victim. Regarding clini-
cal and emergency care, victims of motor vehicle 
accidents or other forms of traumatic injuries 
(e.g., burn victims, head injuries, orthopedic trau-
matic injuries) are at heightened risk for develop-
ment of mental disorders (e.g., PTSD, depression), 
but studies examining these factors still produce 
heterogeneous results [26, 20, 24]. Regarding the 
occurrence of PTSD after a major traumatic 
experience it is important to keep in mind that 
PTSD is often associated with other comorbid 
psychiatric disorders [21]. The most frequent 
comorbidity is major depressive disorder (MD) 
followed by generalized anxiety disorder.

Feelings of anxiety and sometimes dissocia-
tion in the immediate aftermath of a traumatic 
experience are common among injury victims. 
These symptoms are short-term and can be 
regarded as normal. Although still heteroge-
neous, literature results show PTSD prevalence 
rates of 10–30 % after traumatic experiences [24, 
10, 20]. Using the Impact of Event Scale (IES, 
[14]), Haagsma et al. [10] could show that 1 year 
after a major trauma, 23 % of the participants had 
probable PTSD, after 2 years 20 % reported 
symptoms of probable PTSD. Due to the fact that 
in this study the prevalence of PTSD was exclu-
sively assessed via the IES, the authors use the 
term “probable PTSD” to indicate the lack of fur-
ther diagnostic evaluations. Furthermore, female 
gender and comorbid diseases were strong pre-
dictors of probable PTSD after 1 year, whereas 
head injury and injury of extremities were predic-
tors of PTSD after 2 years. Of the probable PTSD 
patients after 1 year, 79 % had persistent PTSD 
after 2 years.

An interesting differentiation was made by 
Alarcon et al. [1]. In their study, they showed a 
general prevalence rate of 25 % of PTSD after 
trauma using the PTSD Checklist-Civilian (PCL- 
C). Further analyses confirmed an association 
between the mechanism of injury and the risk of 
developing symptoms of PTSD with the highest 
correlation after assault (43 %) and younger age, 
female gender and motor vehicle collision as 

 significant independent risk factors for  subsequent 
PTSD.

In 2010, an Australian research group pub-
lished results of a prospective study including over 
1000 victims of traumatic injuries [4]. Interested 
in the extent of psychiatric diagnoses as a conse-
quence of traumatic injuries, they concluded that 
after 12 month 31 % of their participants devel-
oped a psychiatric disorder and 23 % developed a 
psychiatric disorder that they never had in their 
life prior to the accident. Psychiatric diagnoses not 
only included PTSD but a wide range of disorders, 
most frequently major depression and generalized 
anxiety disorder next to PTSD.

An Israeli study showed that even noninjured 
victims of trauma show elevated heart rates at 
admission to emergency care facilities [25]. 
According to the authors, these physiological 
responses in combination with skin conductance 
(PTSD patients show impaired habituation in 
skin conductance rates after startling stimuli) and 
left lateral frontalis electromyogram levels 
(PTSD patients show increased responses) can 
distinguish between patients who will develop 
PTSD later on and patients who will not. The fact 
that these physiological responses will often 
recur if a patient re-experiences traumatic memo-
ries (flashbacks) during the day can reinforce the 
memories and thereby impair the treatment of the 
symptoms.

28.2.1  Association of PTSD 
and Traumatic Brain Injuries

Against the background of elevated prevalence 
rates of mental illness after traumatic brain inju-
ries (TBI), Bryant et al. [4] examined the connec-
tion between TBI and psychiatric illnesses as a 
consequence of TBI using a multi-center prospec-
tive study design in Australia. Besides the fact that 
they could repeat an estimated prevalence of 23 % 
for incidental psychiatric illnesses 12 months after 
the traumatic event, they documented depression 
as the most frequent consequence, followed by 
generalized anxiety disorder and PTSD. These 
results emphasize the notion that psychologi-
cal consequences after major  traumas can take 
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shape in various diagnoses, not only PTSD. The 
authors concluded that PTSD may pose a major 
threat after traumas in connection with violent 
incidents, while traumatic incidences that involve 
traumatic brain injuries seem to trigger a broader 
range of psychiatric consequences.

Recently, Roitman et al. [23] could show that 
accident victims who suffered head injury in 
combination with loss of consciousness had a 
higher prevalence of PTSD 10 days and 8 months 
after the accident than accident victims without 
loss of consciousness. In addition, patients with 
traumatic brain injury and loss of consciousness 
showed slower recovery rates from early PTSD 
symptoms. In their discussion, the authors 
hypothesize that the loss of consciousness may 
suppress the victims’ ability to form a coherent 
memory of the accident or the traumatic event. 
Furthermore, they hypothesized that subsequent 
damage (e.g., headache, confusion) may interfere 
with processes of fear distinction and therefore 
act as a reinforcer of traumatic memory pro-
cesses. Altogether, there seems to be a height-
ened risk of PTSD if the accident or traumatic 
event is associated with traumatic brain injury 
and loss of consciousness, events with a high 
likelihood regarding polytraumatic injuries. 
Therefore the medical personnel should be 
instructed and prepared to consider psychologi-
cal consequences after polytraumatic incidents as 
well as physical consequences.

In addition, sport injuries can cause mild TBI 
and in consequence result in psychiatric prob-
lems. Especially acute concussions – injuries 
common in contact sports, e.g., football or 
hockey – can lead to prolonged symptoms and to 
a post-concussive syndrome (PCS). These symp-
toms can include psychiatric problems like emo-
tional symptoms, behavioral changes or sleep 
disturbances [18].

28.2.2  Risk Factors 
for the Development 
of Psychological Sequelae

The development of psychological disorders after 
traumatic experiences depends on individual pre-
dispositions as well as the characteristics of the 

traumatic situation. Breslau et al. [3] refuted the 
rather common assumption of an inverse associa-
tion between individual predispositions on PTSD 
and trauma severity with their data. A meta- 
analysis by Ozer et al. [22] estimated the impor-
tance of three antecedent risk factors for PTSD: 
prior trauma, prior psychological adjustment and 
family history of psychopathology. These predis-
positions contributed equally to the development 
of PTSD after two forms of traumatic experi-
ences: interpersonal violence or accidents. These 
findings may partially explain the relatively low 
risk for PTSD after severe polytraumatic experi-
ences as well as the large discrepancy regarding 
type and assumed severity of traumatic experi-
ences that are supposed to trigger a subsequent 
PTSD. The authors could not prove that trauma 
severity or trauma type can be regarded as risk 
factor for PTSD but as a modifier for the afore-
mentioned risk factors.

28.2.3  Gender Differences

In general, women show a higher prevalence of 
PTSD than men. The literature furthermore indi-
cates gender differences in risk factors, comorbid 
disorders (major depression, anxiety) and predis-
positions for the development of PTSD. This com-
mon finding is supposedly mediated by gender 
differences in the initial responses to trauma [15]. 
Peritraumatic risk factors seem to be the strongest 
predictors of PTSD. These risk factors include 
amongst others peritraumatic dissociation, sub-
jective perception of life threat and general coping 
appraisals. As Ehlers and Clark [8] pointed out, a 
main aspect for the development of long-lasting 
psychological effects after a trauma is the evalu-
ation of the perceived threat during the event and 
the evaluation of the subjective ability to cope with 
these extreme experiences. Should a trauma vic-
tim appraise the traumatic event as catastrophic, 
the probability of a sustained feeling of threat and 
danger after the trauma has passed rises and inhib-
its a successful treatment of the experiences. This 
effect increases the possibility of PTSD as a con-
sequence of failed coping strategies.

Symptoms of peritraumatic dissociation 
include distortions of perceptions during the 
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course of a traumatic event (e.g., feeling that time 
is running in slow motion or the perception of a 
disconnection from the own body). This contains 
in itself the danger that due to these dissociative 
symptoms the consolidation of the traumatic 
memory is impaired resulting in impaired adapta-
tion and coping processes [16].

Regarding motor vehicle accidents, Fullerton 
et al. [9] assessed prevalence rates of PTSD in 
both genders and differentiated between the four 
different symptom clusters as demanded in 
DSM-IV. They could not detect a gender differ-
ence regarding the symptom cluster B (re- 
experiencing) but regarding the symptom cluster 
C and D (avoidance/numbing and arousal) 
women were more likely to meet the required 
symptoms. The most significant result is a gender 
difference in peritraumatic dissociative symp-
toms which was associated with a higher risk of 
PTSD in women as compared to men.

28.2.4  Treatment Options

Treatment options of PTSD include psychothera-
peutic interventions (mostly techniques from 
cognitive-behavioral treatment programs, e.g., 
exposure-based cognitive therapy) as well as 
pharmacological interventions (e.g., selective 
serotonin reuptake inhibitors, SSRI). In addition, 
some effort has been invested in therapeutic 
interventions regarding eye movement desensiti-
zation and reprocessing therapy (EMDR).

28.3  Acute Stress Disorder

Acute stress disorder (ASD) describes a psycho-
logical condition as a response to a traumatic 
event. The prevalence of ASD following trau-
matic events is estimated with 13–16 % depend-
ing on the nature of the traumatic experience [5]. 
As opposed to PTSD or major depression, ASD 
does not constitute a psychiatric disorder but 
rather a normal response following traumatic 
exposure and typically transient, characterized 
by a reduction of the predominant symptoms 
(e.g., numbness, detachment, dissociative amne-
sia) hours or days after the traumatic event. ASD 

represents a particularly “new” diagnostic 
 category, as it was only introduced into the DSM 
in 1994. The utility of a diagnosis of ASD as pre-
dictor for a diagnosis of PTSD is controversial. 
O’Donnell et al. [21] indicated that a consider-
able number of accident victims developed PTSD 
without a prior ASD diagnosis. The authors fur-
ther stated that affective and anxious symptoms 
could be a more important predictor for PTSD 
considering the fact that major depression and 
generalized anxiety disorders show the highest 
comorbidity with PTSD. In contrast, other 
research groups emphasized that very early inter-
ventions in patients with ASD can prevent the 
development of a subsequent PTSD [6]. In this 
study, the authors compared the efficacy of expo-
sure therapy compared to a trauma-focused cog-
nitive restructuring intervention in participants 
who were exposed to civilian traumatic events 
(nonsexual assault or motor vehicle accidents). 
Results showed a superiority of exposure therapy 
in the reduction of PTSD occurrence 6 month 
after the traumatic experience.

28.4  Psychological Sequelae 
in Different Trauma Settings

Although motor vehicle accidents may be 
the most common nonpsychological cause of 
trauma, other sources of injuries can result in 
additional psychological sequelae as well. In the 
field of burn injuries, psychosocial consequences 
seem to predominate after physical recovery. 
This form of disfiguring and long-lasting altera-
tions of the patient’s outward appearance in addi-
tion to the traumatic experience and the usually 
painful treatment process may result in psycho-
pathological secondary damages. Beside high 
prevalence rates of PTSD and MD after burn 
injuries, problems in the patients’ social and 
occupational life as well as a reduced quality of 
life due to potential disfiguration and disability 
have to be considered [27]. Again, preexisting 
psychiatric symptoms like depression or anxiety 
as well as high levels of psychological distress 
after the injury seem to negatively influence the 
physical and psychological recovery of the burn 
victims [28].
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Patients with spinal cord injuries resulting in 
paralysis experience psychological difficulties 
and high levels of post-traumatic stress symp-
toms [11]. Due to the life-changing consequences 
of permanent paralysis the level of acceptance of 
these changes and constraints have to be consid-
ered while planning treatment and rehabilitation 
programs for the concerned patients.

28.5  Psychological Sequelae 
in Children and Adolescents

Among children and adolescents, the prevalence 
of PTSD is likewise common and is as high as 
12–46 % 4 months after a road traffic accident 
and 13–25 % 4–12 months after the accident 
[19]. Although only a limited number of data 
exist, these prevalence rates have been reported 
throughout different studies [13, 7]. The psycho-
logical care of these victims becomes even more 
problematic due to difficulties and heterogene-
ities in diagnosing symptoms of PTSD in chil-
dren and adolescents as well as differences in 
developmental stages. In addition, it is important 
to keep in mind that particularly children of 
young age are susceptible to develop psychologi-
cal symptoms after accidents or other traumatic 
events even if they were only mildly injured or 
not injured at all. In consequence of these results, 
it is important to acknowledge the psychological 
impact of injuries following accidents in minors 
and to keep this knowledge in mind while treat-
ing physical injuries in a clinical setting.

 Conclusion

Traumatic experiences are the leading trigger 
for trauma-related psychiatric disorders. Being 
confronted with a probable traumatic event, the 
majority of patients entering the emergency 
care system immediately after the event will 
feel symptoms of acute stress responses. This 
response is universal and not predictive of fol-
lowing PTSD. While most patients will recover 
from this temporary feeling of stress, a sub-
stantial percentage will not possess the neces-
sary mechanisms or resilience and will develop 
prolonged  psychological sequelae of the trau-

matic experience, resulting in  psychiatric dis-
orders like PTSD or depression. Considering 
the prevalence of traumatic injuries and the 
prevalence of subsequent mental diagnoses, 
this represents a personal as well as a major 
public health issue. While the treatment of 
physical injuries is of course of capital impor-
tance, the medical personnel – rescue work-
ers as well as emergency department staff and 
treating physicians – should be aware of these 
potential impending long-term impairments 
and be prepared to start the necessary referrals 
to psychiatric or psychosocial services.

Recovery and rehabilitation after a major 
traumatic injury are expensive and long-last-
ing. Furthermore, these processes can be hin-
dered by additional and in the last resort 
undiagnosed psychiatric illnesses as a conse-
quence of the traumatic event. The prevalence 
of mental illness after major trauma can be 
underestimated in the clinical or emergency 
care context because in general, trauma-
related psychiatric illnesses are easier affili-
ated with psychological trauma (e.g., rape or 
physical assault).

In addition, it is understandable that the 
primary concerns are the patient’s physical 
injuries which bear a certain amount of risk 
that the psychological consequences are “lost” 
or forgotten during the course of treatment 
and rehabilitation. On the other hand, it is 
important for clinicians to keep in mind that 
poor physical health as a consequence of 
major trauma can precede subsequent psycho-
logical impairments. These impairments in 
return can prolong the patient’s recovery and/
or the patient’s functional outcome. Therefore, 
the treating physicians need to be aware of the 
psychological consequences and of possible 
treatment facilities and options.
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29.1  Introduction

Well-designed clinical research remains neces-
sary in order to critically evaluate the quality of 
orthopaedic trauma care and to advance the field 
of orthopaedic trauma surgery. Recently, 
evidence- based medicine has provided valuable 
insights into clinical research and has empha-
sized the significance of thoughtful study designs 
and the importance of a critical appraisal of the 
orthopaedic literature. In particular, with the 
growing body of the orthopaedic trauma litera-
ture, it is becoming increasingly important for 
clinicians and researchers to critically evaluate 
the available literature, to recognize strengths 
and weaknesses of study designs, and to interpret 
study results within the clinical context. When 
assessing orthopaedic trauma outcome studies, 
important questions to ask include the 
following:

 1. What is the validity of the presented outcome 
data?

 2. What are the numerical results of the out-
comes reported?

 3. What are the implications for the clinical 
practice?

In this chapter, these fundamental questions 
will be discussed in the context of the orthopae-
dic trauma outcome literature. Moreover, this 
chapter will summarize the results of the most 
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pertinent outcome studies in the field of ortho-
paedic trauma and emphasize the lessons learned 
from these studies.

29.2  Validity of Outcome Data

When assessing the validity of an orthopaedic 
outcome study, the most pertinent question is 
whether the study represents an unbiased 
 estimation of treatment outcomes. Bias (or sys-
tematic error) is typically linked to the study 
design and execution of a study. Important 
variables when assessing the validity of ortho-
paedic trauma outcome data include the 
following:

 1. Level of evidence
 2. Outcome measures used
 3. Patient follow-up

29.2.1  Level of Evidence

Evidence-based medicine has recently gained 
significant prominence in the field of orthopae-
dic surgery as well as in other areas of medicine. 
Numerous manuscripts and textbooks in this 
field have been published and a detailed review 
of all evidence-based medicine principles is 
beyond the scope of this chapter. One of the key 
aspects of evidence-based medicine is the intro-
duction of a hierarchical rating system for the 
level of evidence whereby the level of evidence 
is grading the quality of the overall study design. 
In this context, a higher level of evidence sug-
gests a lower risk of bias. Most rating systems 
for the level of evidence of therapeutic studies 
(i.e. the majority of orthopaedic trauma out-
come studies) use a five level scale including 
level 1 (randomized clinical trial), level 2 (pro-
spective cohort study or poor quality random-
ized clinical trial), level 3 (case control study), 
level 4 (case series), and level 5 (expert opinion) 
[1]. Most major orthopaedic journals have 
adapted this five-level hierarchical rating sys-
tem and grade the published articles accord-
ingly. When assessing the clinical impact of 

outcome studies, the hierarchical grading sys-
tem for the level of evidence plays an important 
role.

While this rating system provides the reader 
with important information on potential bias, the 
level of evidence should also be used cautiously. 
First, the level of evidence only provides an over-
all assessment of the study design and further 
critical assessment of the study methods and 
study results is necessary. Second, randomized 
clinical trials are not always possible for each 
clinical scenario in particular in the orthopaedic 
trauma population. For instance, the Lower 
Extremity Assessment Project (LEAP) was 
designed to evaluate the outcomes of mangled 
lower extremity injuries to assess lower limb 
amputation versus salvage [2, 3]. This well- 
designed study was performed in a non- 
randomized fashion as randomizing patients with 
mangled lower extremities into limb salvage ver-
sus amputation would not appear feasible [2, 3]. 
Finally, it must be emphasized that no single 
study can provide a definitive answer to a study 
question. Clinical treatment algorithms in ortho-
paedic trauma should be based on a composite 
assessment of the entire literature and should 
consider all levels of evidence from level 1 (ran-
domized clinical trial) to level 5 (expert 
opinion).

29.2.2  Outcome Measures

The outcome measure is another important vari-
able when assessing the validity of an orthopae-
dic trauma outcome study. In the orthopaedic 
trauma literature, numerous outcome scoring 
systems have been used [4]. In general, outcome 
measures can be divided into clinician-based and 
patient-reported outcome measures. Standardized 
outcome measures may focus on general health, 
body region-specific function, or disease-specific 
function. As of today, no general recommenda-
tions exist as to which outcome measures should 
be used in orthopaedic trauma outcome studies. 
Well-designed outcome studies provide outcome 
data on the patient’s general health in addition to 
a body region- or disease-specific questionnaire. 
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When using more than one outcome measure, it 
is crucial to identify the main outcome measure 
of the study. The main outcome measure should 
be according to the main hypothesis that is being 
tested in the study. Another important consider-
ation is whether the used outcome measure has 
been validated in prior investigations. An out-
come instrument is considered valid if it truly 
measures what it is supposed to measure. In this 
context, it is important to emphasize that valida-
tion of an outcome measure is not an “all or 
 nothing” concept and validity has several compo-
nents (e.g. face validity, criterion validity, con-
struct validity, content validity, etc.). A detailed 
discussion of outcome measure validation proce-
dures is beyond the scope of this chapter. In gen-
eral, the validity of an outcome measure is 
typically established by comparison between the 
tested outcome measure and an established out-
come instrument. For instance, the short muscu-
loskeletal function assessment (SMFA) 
questionnaire has been established for the use of 
trauma patients, and validation studies used the 
Medical Outcomes Study 36-Item Short Form 
(SF-36), a well- established and validated out-
come measure, as a reference to test the validity 
of the SMFA [5].

As of today, the SF-36 can be considered to be 
one of the most commonly employed outcome 
instruments in orthopaedic trauma surgery as 
well as in orthopaedic surgery in general [6]. The 
SF-36 is a patient-reported outcome measure and 
measures the overall patient’s quality of life. It 
consists of 36 items and the questionnaire can be 
completed within 5–10 min. It has been validated 
and used in numerous studies within the field of 
orthopaedic surgery as well as in other fields of 
medicine [7–14]. The SF-36 also allows the com-
parison of outcomes with normative population 
data from age- and sex-matched controls. 
Moreover, the SF-36 has been translated and vali-
dated in multiple languages and international 
normative data have been recorded. Despite these 
favourable characteristics, the SF-36 also has 
some limitations that can affect the interpretation 
of outcome data. First, the items of the SF-36 
tend to focus more on lower extremity function 
than on upper extremity function [15]. This 

emphasizes the importance of including a body 
region-specific questionnaire along with a gen-
eral health questionnaire when performing clini-
cal outcome research in orthopaedic trauma. 
Moreover, the SF-36 does not incorporate certain 
basic quality of life domains, such as sexual func-
tion or sleep. In some instances, this may lead to 
the scenario that improvements as well as dimin-
ishments in these areas may go undetected. For 
example, patients undergoing treatment of pelvic 
fractures may frequently be impaired by sexual 
dysfunction and recording of SF-36 data may be 
limited by “ceiling effects” as well as “floor 
effects”.

Besides the assessment of clinical limitations, 
healthcare utilization and treatment costs repre-
sent important outcome measures when evaluat-
ing the efficiency of orthopaedic trauma care. In 
this context, it is important to emphasize that 
most importantly treatment should be chosen 
based on the best patient’s interest and according 
to highest level of standard of care. However, in 
the treatment of patients with musculoskeletal 
injuries, the orthopaedic trauma surgeon is also 
mandated to make fiscally sound decisions since 
cost-efficient treatment is above all in the best 
interest of the injured patient. The question of 
cost effectiveness becomes specifically important 
in areas of complex surgeries and when the effec-
tiveness of treatment remains uncertain. In the 
orthopaedic trauma literature, a frequently dis-
cussed topic is the cost effectiveness of limb sal-
vage versus amputation in patients with mangled 
lower extremities. A more detailed discussion on 
the clinical aspects of this topic will be provided 
in the Sects. 29.5. As of today, the question of 
limb salvage versus amputation remains contro-
versial and the multiple medical, social, and eco-
nomical aspects need to be considered when 
discussing treatment plans with the injured 
patient. In brief, patients with mangled lower 
extremities face the situation that attempted limb 
salvage may offer them the undoubted benefits of 
keeping their lower limb. In order to achieve this 
favourable result, these patients may undergo 
several reconstructive surgical procedures and 
repeat hospitalizations with the remaining risk of 
requiring an amputation at a later time point. In 
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contrast, primary amputation may offer the 
potential benefits of quicker discharge from the 
hospital, earlier ambulation after prosthesis fit-
ting is completed, and earlier return to work. For 
these reasons, the medical outcomes of limb sal-
vage versus amputation need to be assessed care-
fully and this sensitive issue needs to be discussed 
thoroughly with the patients and their families. 
Importantly, the financial aspects of treatment 
have to be included in this discussion as it is 
clearly in the patient’s best interest to be educated 
about the costs that will incur from medical 
 treatment, hospitalizations, time away from 
work, as well as lifetime costs from ongoing 
prostheses needs. Recent investigations have 
focused on cost utility analyses of amputation 
versus limb salvage in patients with mangled 
lower extremities emphasizing the importance of 
costs as a critical outcome measure [16].

29.2.3  Patient Follow-Up

A critical assessment of study data also requires a 
careful evaluation of the clinical follow-up that 
was obtained in the study presented. In an out-
come study reporting on patients’ recoveries after 
treatment of extremity injuries, the presented 
study data may be flawed if subjects who received 
treatment are not included in the data analysis 
due to lack of follow-up data. This lack of out-
come data may both overestimate as well as 
underestimate the benefit of treatment effects 
depending on the outcome of patients not return-
ing for follow-up. Hypothetically, “best case sce-
narios” and “worst case scenarios” could occur. 
Thus, patients who did not recover well from 
their injuries may be upset about their outcome 
and chose to receive follow-up treatment at a dif-
ferent institution (“I am upset. I am not going 
back”). If a large number of these patients do not 
get enrolled in the outcome analysis, the recorded 
outcomes may be better than the actual real out-
comes that have been achieved with the treatment 
rendered. Vice versa, patients who achieved an 
excellent recovery potentially may decide to skip 
their follow-up since they may not feel the neces-
sity to seek any further evaluations (“I feel fine. 

Why bother?”). If a large number of these patients 
do not get enrolled in the outcome analysis, the 
recorded outcomes may be worse than the actual 
real outcomes of the treatment rendered. For 
these reasons, any remarkable loss of follow-up 
carries the risk of skewing the study data and a 
critical assessment of the study data needs to 
include the assessment of the loss of follow-up.

Current guidelines of major orthopaedic jour-
nals request that any randomized controlled trial 
with more than 20 % loss of follow-up should be 
downgraded from an evidence level 1 to an evi-
dence level 2 study [www.jbjs.org]. However, 
these recommendations are based on traditional 
postulations and it remains unclear how much 
loss of follow-up can be considered as accept-
able. Recent statistical models using trauma data-
bases have pointed out that even less than 20 % 
loss of follow-up may frequently yield in a sig-
nificant change of study results [17]. For these 
reasons, authors of orthopaedic trauma outcome 
studies should not only report their loss of fol-
low- up, but should also report which specific 
attempts were made to minimize loss of follow-
 up and should record the data available on those 
patients who did not comply with their final fol-
low- up examinations.

Besides the loss of follow-up, orthopaedic 
trauma outcome studies need to be assessed for 
their length of follow-up. Patients with extremity 
injuries go through different phases in their reha-
bilitation process. Along the different phases of 
the recovery process, different outcome variables 
can be recorded. The immediate postoperative 
period provides information on early complica-
tions, such as surgical site infections, mortal-
ity rates, thromboembolic events, and length of 
hospital stay. Within the first few months after 
surgery further information, such as fracture 
healing and return to work, can be recorded. 
Furthermore, long-term outcome studies provide 
valuable information on the functional recovery, 
health- related quality of life, as well as the inci-
dence of posttraumatic arthritis and the need for 
late reconstructive procedures. Many guidelines 
have recommended 2-year outcome evaluations 
for patients with extremity injuries. However, 
these postulations have recently been challenged. 
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In patients with mangled lower extremities, 
comparisons between 1-year follow-up data and 
2-year follow-up data have shown that 1-year 
follow-up data provide sufficient information to 
test the pertinent study hypotheses while creat-
ing significantly less costs than 2-year follow-
up evaluations [18]. Current recommendations 
from the major orthopaedic trauma journal 
request 6 months of follow-up for pure soft tis-
sue injuries, 1-year patients follow-up for frac-
ture care, and 2-year follow-up data for treatment 
of arthritic conditions [http://journals.lww.com/
jorthotrauma]. These issues emphasize the sig-
nificant implications of the length of follow-up 
as an important variable for assessing the validity 
of outcome data. The length of follow-up pro-
vides valuable information as to which specific 
outcome measures can be addressed in outcome 
studies on patients with extremity injuries.

29.3  Numerical Results

The numerical results of clinical studies should 
be scrutinized carefully in order to make appro-
priate conclusions for the clinical practice. When 
reviewing the results of orthopaedic trauma out-
come studies, pertinent questions include the 
following:

 1. How large was the treatment effect?
 2. How precise was the estimate of the treatment 

effect?
 3. What is the statistical significance?

29.3.1  Size of Treatment Effect

With regard to the size of the treatment effect, it 
is important to distinguish if the main outcome 
measure was a continuous variable (e.g. SF-36 
scores ranging from 0 to 100) or a dichotomous 
variable (fracture union versus fracture non-
union). For dichotomous variables, several mea-
sures of treatment effect size exist. These include 
odds ratios, relative risk, relative risk reduction, 
absolute risk reduction, and numbers needed to 
treat.

In the orthopaedic trauma literature, odds 
ratios are frequently used to measure treatment 
effects. The odds ratio is a measure of the asso-
ciation between a risk factor and an outcome. The 
odds ratio calculates the odds that a particular 
outcome will occur in association with a particu-
lar risk factor as compared to the odds of the out-
come occurring in the absence of this particular 
risk factor. An odds ratio of 1.0 means that the 
evaluated risk factor does not increase the risk of 
the recorded outcome. An odds ratio of 1.5 means 
that the evaluated risk factor increases the odds of 
the outcome to occur by 50 %. Odds ratios are 
typically used in case control studies and in logis-
tic regression models.

Another frequently used measure for the size 
of the treatment effect in the orthopaedic trauma 
literature is the relative risk reduction. The rela-
tive risk reduction plays an important role in the 
reporting of treatment effects that are observed in 
prospective controlled trials. The relative risk 
reduction is expressed as a percentage. A risk 
reduction of 50 % means that treatment A reduces 
the risk of a particular outcome by 50 % as com-
pared to treatment B.

29.3.2  Precision of the Estimated 
Treatment Effect

It is important to realize that the measures of the 
size of the treatment effect, such as the odds ratio 
and the relative risk reduction, are point estimates 
and further information is required in order to 
measure the precision of these estimates. The 
confidence interval is the range within which the 
true treatment effect falls and provides important 
information on the precision of the estimated size 
of the treatment effect. By convention, the 95 % 
confidence interval is used to measure the preci-
sion of a point estimate. Thus, a 95 % confidence 
interval means that if the same study was 
repeated, there was a 95 % chance that the esti-
mated treatment effect would fall within this 
interval again. The 95 % confidence interval 
largely depends on the sample size. With larger 
sample sizes, the estimated treatment effects 
become more precise and the 95 % confidence 
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interval becomes smaller. Thus, the clinician can 
be more confident that the true treatment effect is 
close to the treatment effect recorded in the out-
come study. Vice versa, studies with smaller sam-
ple sizes typically result in larger 95 % confidence 
intervals and with large confidence intervals, the 
clinician may remain uncertain where the true 
treatment effect lies.

29.3.3  Statistical Significance

The p value provides another measure for the pre-
cision of the results. The p value provides the 
probability of an α-error. An α-error means that a 
study observes a difference between two study 
groups when in fact there is no difference. By 
convention, a cut-off p value of 0.05 is used in 
most clinical studies. Thus, a p < 0.05 means that 
there is 5 % chance of recording a difference 
between two study groups when in fact there is 
no difference between these two groups.

Typically, the p value is given great impor-
tance by authors, journals, and clinicians. Thus, a 
common perception is that reported differences 
are real whenever there is statistical significance 
whereas reported differences supposedly are 
irrelevant when the data is not statistically sig-
nificant. However, there are several issues with 
this viewpoint; there has been a recent trend to 
de-emphasize the importance of the p value [19]. 
As stated above, the p value only provides infor-
mation on the size of an α-error and it does not 
provide any information on the size of the treat-
ment effect. In addition, the 0.05 cut-off is arbi-
trary and in many scenarios changing only very 
few events may sometimes change the results 
from statistically significant to non-significant 
and vice versa. For this reason, it has been sug-
gested by journal editors to avoid stating “signifi-
cantly different”, but rather providing the exact p 
value [19]. Moreover, some trauma outcome 
studies [20–22] have been criticized for artifi-
cially creating statistically significant results by 
deviating from the main hypothesis and perform-
ing multiple subgroup analyses with multiple 
repeat testing procedures that ultimately may 
yield p values that fall below 0.05 [23]. However, 

the implications of “statistically significant 
results” stemming from multiple repeat testing 
procedures remain questionable since repeat test-
ing naturally increases the likelihood of finding at 
some point, a p value of less than 0.05 just by 
chance alone. For these reasons, the interpreta-
tion of “statistically significant” versus “statisti-
cally non-significant” results should be performed 
in a cautious fashion. In the interpretation of 
orthopaedic trauma outcome data, it remains 
important to review all numerical results includ-
ing not only the p value, but also the size of the 
treatment effect as well as the confidence 
intervals.

29.4  Implications for the Clinical 
Practice

When interpreting the outcomes of patients with 
extremity injuries, the foremost question remains 
how the results can be applied to clinical practice. 
In order to put an outcome study into a clinical 
context, it is important to consider several factors 
including the inclusion criteria, the outcome 
measures used, the study endpoints, and the dis-
tinction between statistical significance and clini-
cal significance.

The inclusion criteria of an outcome study 
play an important role with regard to the implica-
tions for the clinical practice. It is important to be 
aware which particular patient population was 
enrolled in the study and recommendations can 
only be made for this particular type of patient 
population. For instance, a recently published 
randomized controlled trial suggested that pri-
mary arthrodesis of Lisfranc injuries results in 
superior outcomes as compared to open reduc-
tion and internal fixation [24]. However, these 
authors only included ligamentous Lisfranc inju-
ries. In addition, patients with associated other 
orthopaedic injuries were excluded from the 
study, as well. Moreover, patients with co- 
morbidities, such as diabetes, peripheral vascular 
disease, or rheumatoid arthritis were also 
excluded from this study. Thus, the patient popu-
lation enrolled in this trial was very specific and 
probably different from most Lisfranc injuries 
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that typically present to level 1 trauma centres as 
a result of high energy injuries when associated 
injuries and co-morbidities are common. Another 
example would be the investigations performed 
in the field of mangled lower extremity injuries 
(LEAP) [2, 3]. These investigations have been 
performed in civilian trauma patients. In contrast, 
combat injuries in soldiers represent a completely 
different scenario with different injury mecha-
nisms (blast injuries versus high speed motorized 
vehicle collisions) and different rehabilitation 
resources available to military personnel [25]. 
Therefore, one must be careful when extrapolat-
ing outcome data from civilian patients with 
mangled lower extremities to combat injuries in 
soldiers. These issues emphasize that the inter-
pretation of clinical outcomes in patients with 
extremity injuries requires careful consideration 
of the patient population in which these outcomes 
were achieved.

The used outcome measures also play an 
important role when putting outcome data of 
patients with extremity injuries into a clinical 
context. Thus, orthopaedic outcome studies may 
frequently focus on fracture union as their main 
outcome measure which certainly appears appro-
priate since surgical treatment in orthopaedic 
trauma typically aims at restoring fracture union. 
However, this may not allow for any definitive 
conclusions on patient satisfaction, functional 
outcomes, associated complications, or the need 
for re-operation. For instance, a well-designed 
randomized controlled trial investigated the dif-
ferences of reamed versus non-reamed nailing in 
patients with tibial shaft fractures [26]. The 
authors reported that for most parts the outcomes 
were equivocal. However, there appeared to be a 
significantly higher rate of required nail dynam-
ization in the non-reamed group. While this out-
come suggested superior results in the reamed 
group, the authors emphasized that the need for 
nail dynamization was an outcome measure of 
lower importance and thus, appropriately moder-
ated their conclusions and recommendations.

The clinical implications of an orthopaedic 
trauma outcome study also strongly depend on 
the study endpoints. As stated above, patients 
with extremity injuries go through different 

stages of recovery. Along the recovery process, 
different variables become of interest at different 
time points. Thus, in the early perioperative 
period, early postoperative complications, length 
of hospital stay, and mortality rates are typically 
recorded and important information can be 
gained during this phase. Within the first few 
months after surgery, the rates of successful frac-
ture unions and return to work can be recorded 
efficiently. Long-term outcome studies provide 
important information on health-related quality 
of life and late complications from treatment, 
such as posttraumatic arthritis and the need for 
late reconstructive procedures. When extracting 
clinical implications from outcome studies, it is 
important to recognize which study endpoints 
were chosen. For instance, a hypothetical clinical 
study comparing the nonunion rates between 
operative versus nonoperative treatment of clavi-
cle mid-shaft fractures may use fracture union as 
an appropriate endpoint of the study. This may 
provide clinically important information on the 
union rates and the rate of required subsequent 
nonunion surgeries following treatment of clavi-
cle fractures. However, when using this informa-
tion in the clinical setting, it is important to be 
aware that the study endpoint “fracture union” 
may not serve as a good source of information for 
questions about late adverse events, such as the 
need for hardware removal due to prominent 
hardware, etc. For these reasons, the study end-
points predict which specific clinical implica-
tions can be concluded from outcome studies in 
patients with extremity injuries.

Another important concept is the distinction 
between “statistically significant” and “clinically 
significant”. This distinction becomes important 
when statistically significant results are pre-
sented, but the clinical significance of the detected 
difference remains questionable. For instance, a 
recently published level 2 study on surgical 
reconstruction of the anterior cruciate ligament 
compared the outcomes of two different recon-
struction techniques [27]. These authors reported 
that the postoperative side-to-side difference for 
anterior tibial translation was significantly higher 
in one treatment group with a reported p value of 
0.001. A closer look at the reported outcomes 
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revealed that one group had a side-to-side differ-
ence for anterior tibial translation of 2.2 mm as 
compared to 1.1 mm in the other group. While 
statistically significant, these results raise the 
question if a 1-mm difference for anterior tibial 
translation represents a clinically significant find-
ing since it can be assumed that most knee sur-
geons may not be able to clinically detect a 1 mm 
difference for anterior tibial translation. 
Moreover, the pertinent question remains if a 
1 mm difference of anterior tibial translation 
results in a remarkable improvement of the 
patient’s perceived health-related quality of life. 
Thus, in patients with extremity injuries, the 
results should always be scrutinized carefully in 
order to assess if the detected difference is not 
only statistically significant, but also clinically 
significant.

29.5  Outcomes After Lower 
Extremity Injuries

Multiple outcome studies in patients with lower 
extremity injuries have been performed over the 
last decades. Given the large spectrum of lower 
extremity fractures and the numerous treatment 
options, a detailed review of the outcomes of spe-
cific fractures or specific treatment options is far 
beyond the scope of this chapter. The goal of this 
chapter is to summarize the results of the most 
pertinent lower extremity outcome studies. 
Specifically, this review is focused on polytrauma 
patients with associated lower extremity injuries 
and patients with mangled lower extremities.

Over the last decades, improved preclinical and 
clinical emergency care has decreased the mortal-
ity and complication rates of polytrauma patients 
[28, 29]. Given the increased survival rates, the 
long-term functional outcome and patient satisfac-
tion have gained importance in polytrauma care. It 
has been shown by several investigations that the 
incidence of lower extremity injuries has a signifi-
cant impact on the functional recovery of patients 
after polytrauma [30–34].

The Hannover Rehab Study has provided 
important information on the long-term recovery 
of polytrauma patients [35–44]. Clinical outcome 

data with a minimum follow-up of years after 
polytrauma were recorded in this investigation. 
Detailed data analyses including binary logistic 
regressions from this study have suggested trau-
matic amputations and severe spine injuries to be 
significant independent predictors of poor long- 
term functional recovery after polytrauma [36]. 
In addition, it was recorded that patients with 
lower extremity injuries do significantly worse 
than patients with upper extremity injuries [36].

With regard to lower extremity injuries, the 
Hannover Rehab Study revealed that in particu-
lar, patients with injuries below the knee joint 
seem to be significantly limited in their func-
tional recovery as compared to patients with 
lower extremity injuries above the knee joint 
[43]. The reasons for this phenomenon remain 
unclear. However, it can be assumed that the rela-
tively thin soft tissue envelope surrounding the 
foot and ankle as well as the unfavourable distal 
circulation may contribute to this problem. 
Moreover, injuries below the knee joint include a 
large variety of complex fracture patterns, such 
as tibial plateau fractures, pilon fractures, talus 
fractures, and calcaneus fractures, which are also 
challenging to address from the reconstructive 
standpoint.

These data clearly emphasize the importance 
of lower extremity injuries for the long-term 
functional recovery after polytrauma. In poly-
trauma patients, injuries to the lower extremities 
frequently present themselves as mangled lower 
extremities with significant associated injuries to 
the surrounding skin, muscles, and neurovascular 
structures. These injuries frequently require mul-
tiple surgical reconstructions and the predomi-
nant question remains whether patients will 
benefit from limb salvage versus amputation. The 
Lower Extremity Assessment Project (LEAP) 
study was initiated with the goal to provide 
answers to this challenging question [2, 3]. The 
study was performed at eight level 1 trauma cen-
tres in North America and represents a milestone 
in orthopaedic trauma outcome research. A 
focused summary of the LEAP study will be pro-
vided in the following section.

The study focused on patients with severely 
mangled lower extremity injuries including (1) 
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traumatic amputations; (2) grade 3A open tibia 
fractures with high degree of nerve, muscle, or 
bone injury; (3) grade 3B and 3C open tibia frac-
tures; (4) vascular injuries below the distal femur; 
(5) major soft tissue injuries below the distal 
femur; (6) grade 3 open pilon fractures; (7) grade 
3B open ankle fractures; and (8) severe open 
hindfoot and midfoot injuries. The rendered 
treatment of these patients was according to the 
treating surgeon and the study was performed 
prospectively, but in a non-randomized fashion. 
A total of 601 patients were enrolled in this study 
and the investigators recorded 7-year follow-up 
data on most patients.

Bosse et al. reported the outcomes of patients 
undergoing limb salvage versus amputation [45]. 
At 2 years after injury, there was no significant 
difference in the outcome scores between the two 
treatment groups. In both treatment groups, self- 
efficacy and social support were found to be sig-
nificant predictors of the functional outcome. 
Predictors of poor functional outcomes included 
the incidence of major complications, lower edu-
cational level, nonwhite race, low income, lack of 
health insurance, smoking, and involved litiga-
tions. Patients who underwent surgical recon-
struction were also significantly more likely to 
have a secondary re-hospitalization.

Further cohort analyses of the LEAP study 
data focused on comparing the outcomes of 
patients with above knee amputation versus knee 
disarticulation versus below knee amputation 
[46]. Patients treated with above knee amputation 
showed no significantly different outcome scores 
than patients with below knee amputations. 
However, patients with amputations below the 
knee joint showed faster walking speeds. Patients 
with knee disarticulations had significantly worse 
outcomes than patients with above- or below 
knee amputations.

A widely used indication for amputation in 
patients with mangled lower extremities has been 
the absence of plantar sensation. The LEAP study 
also investigated the outcomes of patients with 
absent plantar sensation [47]. This cohort analy-
sis included 29 patients with initially absent plan-
tar sensation who underwent limb salvage. In this 
cohort, only one patient continued to have absent 

plantar sensation at 2 years after trauma. The 
remaining 28 patient showed partial or even full 
recovery of their plantar sensation. Moreover, 
patients with initially absent plantar sensation 
showed no significantly worse functional out-
come scores than patients with initially present 
plantar sensation. Therefore, the LEAP study 
refuted the widely held belief that absent plantar 
sensation should be used as a definitive indica-
tion for amputation in patients with mangled 
lower extremities.

The LEAP study also provided important 
descriptive data on the overall complication rates 
in patients with mangled lower extremities [48]. 
In patients undergoing amputation, the revision 
amputation rate was 5.4 % and the overall com-
plication rate was approximately 25 %. In 
patients undergoing limb salvage, approximately 
4 % required a secondary amputation and the 
overall complication rate in this cohort was 
approximately 40 %. This data represents useful 
information for preoperative patient counselling 
and patients undergoing limb salvage need to be 
educated that they are at high risk for complica-
tions, re-hospitalization, as well as secondary 
amputation.

As indicated above, healthcare utilization and 
treatment costs must be considered important 
outcome measures in patients with extremity 
injuries. This question was also addressed in the 
LEAP study [49]. The cost calculations included 
hospitalizations, rehabilitation, outpatient visits 
and therapy, purchase and maintenance of pros-
thetic devices. At 2 years, limb salvage appeared 
to be associated with slightly higher costs than 
amputation ($91,106 versus $81,316). However, 
the projected life-time costs appeared more than 
three times higher in the amputation group 
($509,275 versus $163,282) which was mostly 
driven by the required renewal of lower extremity 
prosthetics. Thus, the LEAP study refuted an 
additional widely held belief, which is the 
assumption that amputation is a cheaper solution 
over limb salvage.

In addition, the LEAP study provided impor-
tant information on the long-term recovery using 
7-year follow-up data [50]. It was found that a 
total of 58 % of patients with mangled lower 
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extremities had returned to work at 7 years after 
trauma. Approximately 25 % of patients experi-
enced some degree of limitation with regard to 
performing their work. There was no significant 
difference between patients with amputation ver-
sus limb salvage. However, factors predicting a 
successful return to work included younger age, 
white race, higher education level, non-smoker, 
high self-efficacy, pre-injury tenure, and absence 
of litigation.

In summary, the LEAP study has provided a 
wealth of useful data that may guide the surgeon 
in counselling the patient. However, it appears 
that despite the tremendous efforts made by the 
investigators, the pertinent question remains 
which patients will benefit from limb salvage 
versus amputation. Moreover, it appears that the 
main outcome predictors, such as self-efficacy, 
age, race, education level, smoking, pre-injury 
employment, and litigations, cannot be controlled 
by the surgeon.

29.6  Outcomes After Upper 
Extremity Injuries

As stated above, injuries to the upper extremity 
appear to cause fewer limitations in the func-
tional recovery process of polytrauma patients 
than injuries to the lower extremity [36]. 
Moreover, the functional recovery of polytrauma 
patients with upper extremity injuries has gained 
little attention in the literature and most reports 
have focused on the outcomes of patients with 
specific upper extremity injuries. Data from 
patients with severe upper extremity injuries have 
suggested that associated brachial plexus injuries 
significantly limit the functional recovery of 
patients with severe upper extremity injuries [51, 
52]. Further investigations in polytrauma survi-
vors showed that approximately 50 % of patients 
with shoulder girdle injuries continued to have 
functional impairments at 5 years after trauma 
[32]. Displaced and articular fractures were iden-
tified to be associated with long-term disability. 
Moreover, 45 % of patients with shoulder girdle 
injuries and 62 % of patients with upper extrem-
ity fractures complained of chronic pain [32].

Further data on the long-term functional 
recovery of polytrauma patients with upper 
extremity injuries has been provided by the 
Hannover Rehab Study [53]. At approximately 
18 years follow-up, polytrauma patients with 
upper extremity injuries showed significant 
limitations from their upper extremity injuries 
with regard to range of motion, muscle 
 weakness, and neurologic impairment. In par-
ticular, the combination of associated shaft and 
articular upper extremity injuries seemed to 
significantly impact the long-term functional 
recovery. Thus, decreased range of motion, 
joint contractures, and muscle weakness were 
significantly more common in patients with 
combined articular and shaft injuries as 
 compared to patients with isolated shaft 
 fractures or isolated articular fractures. These 
data  indicate that multiple upper extremity 
injuries provide significant challenges from  
the reconstructive and the rehabilitation 
standpoint.

 Conclusion

In summary, the functional long-term out-
comes in polytrauma patients require a critical 
evaluation of the available literature. Lower 
extremity fractures seem to significantly 
impact the functional recovery of polytrauma 
patients. In particular, fractures below the 
knee joint seem to be associated with signifi-
cant long-term disability. With regard to man-
gled lower extremities, it remains unclear 
which particular subset of patients may benefit 
from limb salvage versus amputation. Recent 
research has emphasized that certain patient 
factors, such as patient self- efficacy, age, race, 
education level, smoking, pre- injury employ-
ment, and litigations, seem to have a signifi-
cant impact on the patient recovery regardless 
of the surgical treatment rendered. With regard 
to upper extremity injuries in polytrauma 
patients, the currently available literature 
remains limited. Clinical outcome studies 
have shown that associated nerve injuries to 
the upper extremity in particular, such as bra-
chial plexus injuries, seem to limit the func-
tional long-term recovery.
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Numerous improvements in the delivery of 
trauma care and rehabilitation have been made 
over the past decades, such as injury prevention 
advancements in rescue systems, improvements 
in hospital diagnostics and surgical techniques, 
and the development of better treatment strate-
gies. A decrease in the mortality rate (37–18 %) 
of multiple trauma patients was noted over the 
past two decades [1–6]. Thus, long-term out-
come evaluation and assessment of quality of 
life and patient satisfaction have gained atten-
tion in polytrauma care. Severe musculoskeletal 
trauma is a life-altering condition leading to 
prolonged morbidity and numerous repetitive 
interventions. Trauma is a main contributor to 
work disability [7–9], impaired long-term psy-
chosocial outcome and persisting disabilities. It 
has an economic burden to society a lasting 
impact on the affected individuals and their fam-
ilies [7–12].

30.1  Factors Affecting the  
Long- Term Outcomes 
in Polytrauma Patients

To look beyond mortality and assess the patients’ 
longitudinal evaluation is a helpful tool for iden-
tifying the factors that influence long-term out-
come following major injuries and the appropriate 
beneficial interventions. Several large projects 
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[7–9, 13–16] have been conducted that focus on 
patients long-term functional recovery following 
polytrauma. These studies provide evidence that 
not only injury-related factors, such as injury 
severity, injury location, and treatment methods, 
but also the specific characteristics of the indi-
vidual, socioeconomic factors, and health habits 
have a strong impact on outcome [8, 13, 17]. In 
addition, authors underlined the role of  postinjury 
depression, anxiety, and chronic pain. High inci-
dence rates of posttraumatic stress disorder (24–
39 %), anxiety (32–70 %), and depression 
(35–68 %) have been observed among trauma 
patients. Additionally, cognitive defects, such as 
memory impairment, difficulty with concentra-
tion and emotional problems have been reported 
[3, 7, 18–20]. All these factors negatively affect a 
patient’s functional outcome. These studies stress 
the need for concomitant posttraumatic psycho-
logical support. Moreover, self-efficacy was 
shown to be one of the strongest predictors of the 
sickness impact profile and return to work [7–9, 
13]. It was assumed that persons with low self- 
efficacy are more likely to be disengaged from 
the physical rehabilitation and recovery process. 
To address this issue, it has been suggested that 
self-efficacy and self-management training 
should be introduced to polytrauma patients, 
especially as positive effects have been demon-
strated in the treatment of patients with chronic 
diseases such arthritis, diabetes, and chronic pain 
[21, 22].

Several groups have demonstrated evidence of 
gender-related differences after severe injury [16, 
23]. The advantages of premenopausal women 
over men in the acute phase after multiple inju-
ries have been described [16, 23]. However, long- 
term results demonstrate the opposite. Women 
showed a higher rate of posttraumatic stress dis-
order and psychological support, longer duration 
of rehabilitation, and longer sick leave time 
[24–27].

Blunt injuries of the trunk are acutely associ-
ated with life-threatening complications. Long- 
term investigations, however, demonstrate that 
after blunt injuries involving the chest and abdo-
men, substantial recovery may occur [28]. These 
injuries were rarely the reason for worse outcome 

or functional impairments in long-term follow-up 
studies [28–30].

We previously undertook a long-term out-
come study. Its goal was to evaluate functional 
outcome with a minimum follow-up of 10 years 
(mean 17.5 years) [14–16]. This study revealed 
that head and lower extremity injuries accounted 
for the most frequent causes of long-term disabil-
ity [16]. At follow-up, 33 % of patients required a 
medical aid for their disability and 20.1 % reported 
disability due to their injury. Approximately the 
same percent of patients (76.5 %) and physi-
cians (69.1 %) reported success from rehabilita-
tion. Moreover, it has to be considered that the 
results found in isolated fractures are likely to be 
different from those of severely injured patients 
who have sustained high-energy trauma and con-
comitant injuries. In addition, the initial surgical 
reconstruction of multiple fractures is more com-
plex. A large proportion of these patients require 
additional operative treatments and reconstruc-
tions. The interference of multiple fractures in 
the rehabilitation process is another factor that 
negatively affects long-term functional results 
following severe injury.

30.2  Pelvic Fractures

Approximately 25 % of polytraumatized patients 
experience pelvic ring injuries [31]. They are 
known to be associated with a high mortality 
rates and with multiple concomitant injuries of 
the lower limb, spine, abdomen, and head [32, 
33]. Pelvic fractures are more frequently seen in 
men than women [34]. However, women appear 
to have worse outcome results than men [35]. 
Certainly, the type of fracture fixation and qual-
ity of reduction affect the outcome as well. 
Accordingly, analysis of long-term outcomes 
may be difficult to interpret because the accom-
panying injuries may affect the results [36–38]. 
It has been shown that both the severity of pelvic 
fracture (stable vs. unstable) and the presence of 
associated injuries contribute to poor long-term 
outcome [39]. Incomplete recovery and func-
tional impairments were observed following 
unstable pelvic ring fractures, while stable  pelvic 
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injuries rarely led to major long-term problems 
[32, 40, 41]. Others could demonstrate an asso-
ciation of sequelae and poor outcomes following 
open pelvic fractures [42]. Moreover, the clinical 
outcomes of patients with unstable pelvic ring 
trauma and associated injuries were less satisfac-
tory than the outcomes of patients with unstable 
pelvic ring trauma and no associated injuries 
[38, 40].

Chronic pain syndromes, neurological impair-
ments, and nonunions have been described as 
determining factors that influence the long-term 
outcome in patients who have sustained pelvic 
fracture [41]. An overview of long-term (2 years) 
pain results was demonstrated by Pohlemann and 
coauthors [39, 41, 43]. Pain was observed in 
every fracture classification group; the rate of 
completely pain-free patients was 55 % after 
A-type fractures, 41 % after B-type, and 27 % 
after C-type fractures [39, 41, 43]. Nonanatomical 
reduction or insufficient fixation can provide 
poor long-term outcome results resulting in 
chronic back pain, instability, and mal-unions or 
nonunions [33, 44, 45].

Moreover, authors described a close correla-
tion between neurological and functional long- 
term outcome [37]. At follow-up (2.2 years), 
21 % of patients with B-Type and 60 % with 
C-type fractures had at least some neurological 
impairments [46]. In particular, vertical unstable 

injuries and trans-foraminal sacral fractures were 
shown to be associated with severe neurologic 
disabilities [47, 48]. Among the neurologic 
sequelae were peripheral nerve lesions, inconti-
nence, and sexual dysfunctions [36, 39–43, 45, 
46]. These sequelae are also the main reason for 
work disability (Table 30.1) [33]. Approximately 
50–75 % of previously employed patients with 
pelvic fractures were able to return to their previ-
ous occupation [36, 40, 42].

The evaluation of the Hannover Rehab Study 
database [14–16] with regard to acetabular and 
proximal femoral fractures has demonstrated the 
following long-term outcomes (Table 30.2): A 
significant percentage of patients (45–50 %) with 
hip fractures experienced posttraumatic pain and 
approximately (20–35 %) reported an abnormal 
gait. High rates of gait abnormality were observed 
in patients who had sustained acetabular frac-
tures. Moreover, outcome scores, as measured by 
HASPOC and SF-12, were poor in patients with 
acetabular fractures and proximal femur injuries. 
In general, patients with shaft fractures demon-
strated significantly more favorable scores than 
patients with an articular fracture. This might be 
explained by the degeneration of the affected 
joint following articular fractures which may 
lead to functional disabilities and chronic pain 
[49–53]. The observed rates of arthroplasty were 
7.5 % for hip joint.

Table 30.1 Clinical examination of pelvic ring fractures following polytrauma

Study Fracture type Follow-up Patientb Pain
Functional 
disability RTW

Neurologic 
impairments

Pohlemann 
(1994)

Unstable 
fractures

2.2 years 58 11–66 % No data No data 21–60 %

Miranda (1996) Pelvic ring 
fracture

5 years 80 16–35 % 8–21 % 75–81 % No data

Tornetta (1996) Unstable 
fracture

3.7 years 48 37 % 37 % 67 % 35 %

Brenneman 
(1997)

Open fracture 4 years 27 No data No data 64 % 18 %

Kabak (2003) Unstable 
fracture

3.8 years 36 31 % No data 72 % 16–31 %a

Suzuki (2007) Unstable 
fracture

3.9 years 57 No data No data 84 % 28 %

RTW return to work
aSexual and urinary dysfunction
bSkeletally immature patients
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When analyzing the outcome of pelvic ring 
fractures in the same study population, patients 
with combined anterior and posterior pelvic ring 
injuries had significantly worse physical SF-12 
and HASPOC subjective scores in comparison to 
patients with isolated anterior or posterior pelvic 
fractures (Table 30.3) [54]. In addition, patient 
group with anterior and posterior pelvic ring 
injuries more frequently reported negative sub-
jective health status. The number of patients 
reporting failing or bad health status was signifi-
cantly higher in patients with combined anterior 
and posterior pelvic injuries than patients with 
isolated fractures. This might be related to con-
stant pain that has been reported by 32.6 % of 
patients with combined pelvic injured. Moreover, 
this patient group reported limping and use of 
crutches more frequently [54].

Vallier and colleagues analyzed the outcome 
after pelvic ring injury in women and reported 
substantial residual dysfunctions [55]. In this 
study, isolated pelvic ring trauma without con-
comitant injuries of the lower extremity was 
associated with a significantly better outcome 
[55]. On the other hand, patient sustained antero- 
posterior compression injuries and bladder rup-
tures showed negative results. Dyspareunia was 
more frequently reported in women with antero- 
posterior compression fractures, B-type injuries, 
bladder ruptures, and symphyseal plate fixation 

[56]. At follow-up, the caesarean delivery among 
woman with pelvic injuries was significantly 
higher performed than in woman without pelvic 
injuries [57]. However, uncomplicated pregnancy 
and deliveries are possible even with retained 
fixation material, [57].

30.3  Spinal Fractures

There are few studies highlighting health-related 
quality of life in polytrauma patients with spinal 
fractures. In a retrospective review of 915 
 polytrauma patients, Tee et al. demonstrated that 
on arrival, as well as tachycardia, hyperglycemia, 
and multiple chronic comorbidities; the presence 
of thoracic spine injuries were early predictive 
factors for poor outcome [58]. This was substan-
tiated by Reinhold et al. analyzing data from the 
Spine Study Group of the German Association of 
Trauma Surgery comparing 733 patients with a 
2-year follow-up. They demonstrated that tho-
racic spine injuries showed less potential for neu-
rological recovery compared to injuries located at 
other heights [59]. Hofbauer et al. confirmed 
these findings also for a pediatric cohort [60].

Spinal cord injury in severely injured patients 
was one of the significant determinants for a 

Table 30.2 Functional status of the lower extremities 
following polytrauma with fractures at different 
localizations

Acetabulum
N = 20

Proximal 
femur
N = 20

Persistant pain 50.0 % 45.0 %
Abnormal gait 35.0 % 20.0 %
Work disability 27.8 %a 10.0 %
Successful 
rehabilitation

70.0 % 60.0 %

HASPOC-total 78.78 70.07
SF-12 PCU 40.91 40.95

HASPOC Hannover Score for Polytrauma Outcome, SF- 
12 PCU Short-Form 12 items health survey, Physical 
Component Summary
aSignificantly worse outcome vs. fractures of the proximal 
femur (p < 0.05)

Table 30.3 Long-term results of severely injured 
patients with: A, isolated anterior pelvic ring injuries; P, 
posterior pelvic ring injuries; A/P, combined anterior and 
posterior pelvic ring fractures

Group 
A

Group 
P

Group 
A/P p value*

Patients (N) 33 33 43
Male (n, %) 22 

(66.6)
21 
(63.6)

35 
(81.4)

p < 0.001

Mean age at 
follow-up 
(years)

43 43 46 0.505

ISS (mean) 24 
(16–41)

24 
(16–43)

22 
(16–45)

0.216

SF-12 (mean)
Physical score 44.4 45.87 38.71 0.004
Mental score 48.68 50.97 48.35 0.476
HASPOC (mean)
Subjective 47.89 48.7 67.27 0.024
Objective 17.00 25.18 27.78 0.217

* A/P vs A and A/P vs P

R. Pfeifer et al.



423

decreased health-related quality of life measured 
with the EuroQol-Score [61]. These findings ware 
mainly based on decreased autonomous mobility.

In patients with traumatic spinal cord injuries, 
an initial poor neurological status is among well- 
known predictors such as traumatic brain injury, 
high injury severity score and comorbidities that are 
significantly associated with early mortality [62].

In a 5-year follow-up of 70 patients (38 % poly-
traumatized) with spinal fractures McLain found 
a high significance of the neurological injury for 
unsatisfying recovery. The regained work sta-
tus also correlated highly with the neurological 
impairment [63]. The total rate of patients able to 
return to full-time work was 70 %, but only 12 % 
in patients with persistent neurological impair-
ment. Holtslag et al. substantiated these findings 
in a large cohort of severely injured patients, by 
finding a 21 % return to full-time work rate [64].

It seems natural that outcome of severely 
injured patients with spinal fractures is mostly 
determined by the neurological recovery. 
However, Putz et al. compared two cohorts of 
multiply injured paraplegic patients with and 
without neurological recovery after 1 year. Their 
study was one of the first to look after influence 
factors of successful recovery other than the ini-
tial neurological damage. They could show that 
functional improvement was independent from 
neurological improvement [65]. Additionally 
they suggested that severity of accompanying 
thoracic trauma is one key factor of successful 
rehabilitation. None of the patients with a tho-
racic C-type fracture and an AIS (Impairment 
scale) type A could show a neurological improve-
ment during the first year. Early decompression 
and stabilization of spine injuries seems to be 
beneficial especially in incomplete neurological 
defects. Length of stay at intensive care unit and 
days of ventilation seem to be reduced and lower 
pulmonary complications are seen [66, 67]. 
However, good prospective clinical trials are still 
missing on this topic.

 Conclusion

Due to improved mortality rates of severely 
injured patients, long-term follow-up observa-
tion studies have gained more attention. 

Studies emphasized the importance of psy-
chosocial variables on the long-term func-
tional outcome. Early psychological 
intervention for polytrauma patients has been 
suggested to address this issue. Large outcome 
studies have demonstrated that acetabular 
fractures, anterior and posterior pelvic ring 
injuries, especially those with concomitant 
injuries are associated with poor long-term 
functional results and unfavorable outcome 
scores. Persisting neurological impairment 
leads to a decreased health-related quality in 
spinal injuries. Patients with severe injuries 
that are associated with poor outcome should 
be identified earlier in order to improve their 
rehabilitation results. Social reintegration of 
patients and return to work were defined as 
main long-term goals in the treatment of poly-
trauma patients.
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