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13.1	 �Introduction

The average life length has increased considerably throughout the world; over the 
next 20 years, the population over 65 years of age is projected to double insides, 
reaching 82.3 million by 2020 [1]. This implies an increase in healthcare costs for 
the treatment of this kind of patient. In fact, this age group represents 40% of hos-
pitalized adults (in the US population) [2].

In western countries, old people keep driving cars as long as possible. As a con-
sequence, 17% of all traffic fatalities involved older people, who are the 9% of all 
people injured in traffic crashes during the years [3]. However, physiological 
changes and decline make the body’s compensatory mechanisms less effective fol-
lowing a trauma. Still, the higher comorbidity rates (66%) make complications 
more frequent during hospitalization. Blunt trauma is the principal kind of trauma 
(80%) in elderly patients (EPs). Falls are 70% of blunt trauma, caused by physiolog-
ical change with age and comorbidities affecting the muscle-skeletal system and the 
brain causing tremor, rigidity, and dementia. The rest of the trauma causes are pen-
etrating trauma and suicide attempts. Moreover, domestic abuses and assaults rep-
resent an underrated cause of trauma with an estimate 25.886 elderly people treated 
in emergency departments yearly in the US for lacerations, contusions, or fractures. 
By now there are no specific guidelines addressing the management and treatment 
of the trauma in geriatric patients. EPs even if seriously injured are underestimated 
in 25% of cases. This bias results in significant delay in treatment. In 43% of the 
EPs at the time of access to the emergency department had experienced a cardio-
genic shock not associated with alteration of the hemodynamic state at the time of 
admission; consequently, they are erroneously considered hemodynamically stable. 
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Fifty-four percent of these cases result in death [4]. Mortality among those patients 
may be substantially reduced by employing “age over 70”, as an activation code for 
the trauma team [5]. There is a strong relationship between age, Injury Severity 
Score (ISS), and mortality, so a clear trauma classification is essential for the man-
agement and treatment of the EPs at presentation. The invasive procedures are 
widely accepted in ISS > 18, whereas in ISS < 18 the indication needs to be continu-
ously evaluated according to risks and benefits balance [6]. A recent study showed 
that the integration of new standard operative procedures (such as early whole-body 
CT scan, damage control surgery, and the use of goal-directed coagulation manage-
ment) was associated with a lower mortality rate in severely injured geriatric trauma 
patients [7]. This same benefit was not demonstrated for a moderately injured 
patient (ISS 9–15). It has been evaluated that a poor pre-injury functional status is a 
strong predictor of undesirable outcome than the admitting diagnosis [8]. Respiratory 
complications are most frequent among all and increase the risk of in-hospital mor-
tality [9]. The most important predictor of long-term mortality is age. Quickly 
accessible factors independently associated with mortality, besides age, are coagu-
lopathy, acidosis, and a lower level of consciousness. These parameters can be 
defined as follows [10]:

–– Coagulopathy: International Normalized Ratio—INR ≥ 1.4;
–– Acidosis: arterial base excess—ABE ≤ –6;
–– Level of consciousness: Glasgow Coma Scale—GCS score ≤ 8.

13.2	 �The Physiology of Aging

The body response to trauma may be related to the physiological change occurring 
with age (Table 13.1). In cases of trauma with bleeding, the first body reaction is 
the release of catecholamine hormones to raise blood pressure and provide more 
blood to muscle and brain. In EPs, the cardiovascular system responds to this stim-
ulation with a consistent delay [11]. Furthermore, the heart becomes stiffer as fat 
and fibrous tissue replace cardiac muscle cells. This leads to a decreased respon-
siveness to endogenous stimulation and a limited capability to increase cardiac 
output. Also, medications such as beta-blockers or diuretic medications may miti-
gate the hormones’ effect and exacerbate a forced status of hypotension and hypo-
perfusion. EPs try to compensate by increasing systemic vascular resistance which 
results in an unreliable normal pressure. It will be necessarily a continuous param-
eters revaluation in EPs during the very first admission period; for example, 
Heffernan et al. found that mortality increased in EPs with a systolic blood pres-
sure <110 mmHg and >130 beats/min, respectively whereas the same results were 
obtained when the blood pressure was <95 mmHg and >90 beats/min, respectively 
in youngers [12].

There are substantial differences between the physiology of adult patients’ popu-
lation and EPs. Blood vessels may be extremely narrow and stiff; the cardiac reserve 
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is limited; the respiratory rate and pulmonary compliance is decreased. Furthermore, 
lung tissue becomes fibrotic and this worsens pulmonary compliance. Hence, early 
intubation is recommended in patients with borderline respiratory function [13].

The kidneys filtration system is less functional, for those reasons, even tempo-
rary hypotension and hypoperfusion or nephrotoxic drugs represent a trigger for an 
acute kidney injury [14].

Osteoporosis and arthritis decrease bone density and make EPs susceptible to 
fracture, even in low-energy trauma [15]. Lastly, the loss of adequate thermoregula-
tion may drive to hypothermia after a mild or moderate trauma, resulting in a coagu-
lopathy worsening, and consequent raising of mortality risk [16].

Table 13.1  Physiological aging and management strategies

Organ system Changes Considerations and management
Head and 
Brain

�• Cortical atrophy
�• �Cerebrovascular vessel plaque
�• Cognitive decline
�• �Cerebellar functions decreased → 

worse balance

�• �SDH are four times more common 
than in younger patients and may 
manifest later

�• EDH are rare
�• �Combination of polypharmacy and 

injury may lead to delirium
�• �High incidence of ICH in 

anticoagulated patients (even for 
minor head trauma)

Cardiovascular �• �Loss of connective tissue elasticity 
→ stiff veins and arteries

�• �Death of cardiac muscle cell and 
replacement by fibrous tissue → 
stiff heart

�• �Decreased responsiveness to 
stimulation (catecholamines)

�• �Medications such as beta-blockers or 
diuretics → forced status of 
hypotension and hypoperfusion

�• �Unreliable vital signs → 
SBP < 100 mmHg; HR > 130 b/min

�• �Limited physiologic reserves and 
rapid deterioration

�• �Blood loss is not well tolerated, 
transfuse early

Pulmonary �• �Increased chest wall stiffness, 
decreased pulmonary compliance

�• �Reduced respiratory rate, impaired 
gas exchange (reduced PO2)

�• �Increased residual volume (air 
trapping)

�• �Higher risk of aspiration, atelectasis, 
pneumonia, and pulmonary embolism

�• Early intubation recommended
�• �Do not underestimate severe trauma in 

EPs with “normal” respiratory 
function → frequent rapid 
decompensation

Renal �• �Less effective filtration system
�• �Loss of renal mass (glomerular 

tissue replaced by fibrous tissue)

�• �Decreased tolerance to hypotension 
and nephrotoxic drugs

�• Higher risk of acute kidney injury
Bones �• �Osteoporosis and arthritis → 

decreased bone density
�• �Higher risk of more severe and 

multiple fractures
General �• �Decrease immune system 

functions
�• Malnutrition
�• �Loss of adequate thermoregulation

�• Decreased wound healing
�• Higher risk of hypothermia

SDH subdural hematoma, EDH epidural hematoma, ICH intracranial hemorrhage, SBP systolic 
blood pressure, HR heart rate, EPs elderly patients
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13.3	 �Neurotrauma

The most common mechanism for traumatic brain injury (TBI) is the fall. To pre-
vent such injuries several studies listed a number of strategies to decrease the prob-
ability of these traumatic events happening, like the careful choice of the more 
appropriate antihypertensive (thiazide-type diuretic therapy reduces hip and pelvic 
fracture risk compared with other antihypertensive medications), and the promotion 
of physical exercise to strengthen their musculoskeletal systems [17, 18]. In the 
general population TBI physiology is divided into two phases: the first phase con-
sists of cellular death that leads to a neurological impairment and the second phase 
results in microenvironmental changes associated with inflammation and the conse-
quent edema. In EPs, physiological age-related changes exacerbate the phases of 
TBI. Additionally, TBI conduces to further cellular loss and may boost the progres-
sion of preexisting diseases [19]. In Eps, the maintaining of an appropriate blood 
pressure and, consequently, a correct cerebral oxygenation is crucial, given the high 
rate of EPs with hypertension [20]. In EPs, the heart ejection should be precisely 
calculated to determine the fluid management. Currently, the mainstays in TBI 
treatment are as follows: (1) balance hypoxia and hypotension; (2) carefully avoid 
hypoperfusion from hyperventilation; (3) administer anticonvulsants over the first 
7  days after the trauma; and (4) do not administer steroids [21]. For the typical 
physiological change in EPs (reduced brain volume; enlarged dead space between 
the brain and the head bone), a brain swelling with a consequent increased intracra-
nial pressure needing surgical intervention is rare. Despite mannitol may worse 
cerebral edema, it remains the most efficient drug in the control of increased intra-
cranial pressure in these patients. More recently, several studies have shown that 
statins reduce the risk of both in-hospital mortality and 12-month adverse outcome 
[22, 23]. From the surgical perspective, guidelines currently recommend evacuating 
an acute subdural hematoma when it is >10 mm and/or midline shift is >5 mm on 
CT scan, regardless of the patient’s Glasgow Coma Scale (GCS) [21]. While this 
recommendation is well established for young patients, it is vague and controversial 
regarding EPs. Though, EPs who underwent craniotomy for hematoma evacuation 
showed acceptable outcomes (in-hospital mortality 5–16%) and a similar ability to 
return to the baseline when compared to younger counterparts. The difference is that 
EPs may result in a longer hospitalization and rehabilitation. Historically, most sub-
dural hematoma cases were treated conservatively and resulted in a chronic event. 
Patients have occasionally reported headache and/or minor mental changes; less 
than 10% have reported substantial neurological symptoms [20]. As shown in some 
recent studies chronic subdural hematoma (CSDH) may lead to complications in the 
long-term. In the intermediate long-term CSDH in EPs may lead to a mortality rate 
of 26.3% and 32%, respectively at 6 and 12 months [24]; hip fractures have similar 
intermediate long-term results [25]. It might be postulated that CSDH may exacer-
bate preexisting comorbidities and affecting the brain functions may result in a mor-
tality rate increase [25]. Further studies looking at specific TBI cohorts of EPs 
indicated “male gender” as a predictive factor for a worse outcome. In women better 
outcomes are likely due to estrogen and progesterone release, which act in the repa-
ration process [26]. Another parameter that deeply affects the TBI outcome is the 

F. Coccolini et al.



235

anticoagulation therapy commonly used in EPS. Even a ground-level fall in antico-
agulated geriatric patients is a mechanism of injuries significantly associated with 
intracranial hemorrhages (ICH) [27]. Anticoagulants also make treatment much 
more demanding and challenging [28]. Howard et al. found a relationship between 
an increased risk of mortality in EPs and those on warfarin who fall [29]. However, 
not all the author agrees with this assertion. Indeed, over the last decade, new oral 
anticoagulants (NOACs) are available worldwide. NOACs are as efficient as warfa-
rin but relatively safer, even though there is a significant risk of delayed ICH for 
elderly patients on NOACs, so repeated evaluation is recommended [27]. The action 
mechanism consists in the direct inhibition of the coagulation cascade. NOACs 
have a shorter half-life compared to warfarin (8–16 h vs. 1 week, respectively) and 
are, thus, easier to manage. The major limitation of NOACs is the lack of a specific 
antidote [30]. The RE-LY trial documented that low doses of NOACs decrease the 
risk of intracranial hemorrhage as compared with warfarin; conversely, high doses 
result in a similar risk [31].

13.4	 �Rib Fracture

Rib fractures after chest wall trauma are a common injury, especially in EPs. The 
age-related bone loss and osteoporosis make the bone easily fractured even with 
minor trauma. Furthermore, aging processes such as impaired mucociliary clear-
ance of bacteria, reduced cough effectiveness, and reduction in lung and chest wall 
compliance make the respiratory performance globally reduced [32]. As a conse-
quence, relatively simple rib fractures can lead to pneumonia and other pulmonary 
complications as respiratory failure. Rib fractures in patients older than 65 years are 
associated with an average mortality risk of 20% and a pneumonia acquisition risk 
of 19% [33]. They also carry a 10% increase in mortality risk for each additional rib 
[33]. Treatment options consist of oxygen support, pulmonary toilette, and analge-
sia. Pain control is critical in multiple rib fractures. In EPs is suggested to avoid 
polypharmacy or narcotic administration, epidural anesthesia and early intubation 
are strongly recommended. A decreased risk of delirium using regional analgesia in 
EPs with multiple rib fractures has been demonstrated [34]. Some authors have also 
suggested to consider rib plating as a valid treatment option, even in EPs, due to an 
improvement in outcome measures such as survival and quality of recovery [32, 35].

13.5	 �Pelvic Fracture

The pelvis is the strongest bone unit in the body and its fracture is secondary to 
high-energy injury (13–18%). However, comorbidities (osteoporosis, arthritis, and 
osteopenia), preexisting conditions (previous surgery, metastases), and age may 
weaken the bone pattern and make it prone to fracture even in cases of low-energy 
trauma [36]. In EPs, the most common cause of pelvic fracture is low-energy trauma 
(usually falls from standing) [37]. Therefore, prevention of falls is fundamental to 
decrease the risk factors. Pelvic fractures are more prevalent among males in 

13  Trauma in Elderly



236

younger patients and among females in EPs. The difference in prevalence between 
sexes is presumably attributable to the hormonal changes in females (estrogen and 
progesterone decline) which unleash subsequent osteoporosis [38]. In 64% of pelvis 
fractures, preexisting osteoporosis is present and this rises to 94% in <60-year-old 
patients [39]. Mortality in EPs (7.6%) is mostly related to hemorrhage; this is four 
times higher than in younger patients, where morbidity is due to incomplete healing 
and/or nerve damage [40]. Pelvic fracture management is standardized. According 
to ATLS, the first assessment is based on clinical findings and pain sites. Physical 
examination is essential to determine the anatomical site entailed in the trauma, 
which requires further investigations. Bimanual compression of the iliac wings can 
rule out either vertical or rotational instability [41]. Pelvic X-ray represents the first 
radiological investigation. Inlet, outlet, or judet views may offer additional data. CT 
scan may be useful in suspected active bleeding in order to define the site of a sub-
sequent angiographic embolization if necessary [42]. When underlying osteoporo-
sis is suspected, an extensive investigation, including levels of calcium, thyroid 
function, and sexual hormones in the serum, should be carried out [43]. As previ-
ously mentioned, management is primarily based on clinical presentation. In EPs 
comorbidities should be considered, especially for potential medication interac-
tions. It is likely that home therapy might interact with drugs administered over the 
course of hospitalization, causing confusion and obnubilation. Is necessaries correct 
those therapies in order to avoid any aggravation of the EPs. A prompt correction of 
coagulopathy in patients on anticoagulants is essential, while desmopressin may 
help to treat patients with chronic kidney disease [44]. The clinical examination and 
the radiological investigations looking at potential bleeding define the diagnostic 
phase. Even if the patient is hemodynamically stable, there could be an identified 
bleeding, so a conservative treatment (bed rest, minimally invasive interventions, 
and pain control) is preferred. If there is a bleeding, can happen that the sites of 
hemorrhage are multiple. Besides, in one-third of pelvic fractures, sources of bleed-
ing are outside of the pelvic borders [45] and that makes their identification more 
difficult. If the patient is hemodynamically stable and there is a small amount of 
bleeding, it can be controlled by putting in place a pelvic binder which stabilizes the 
fracture. Although arterial bleeding is unusual, its presence should be investigated 
with radiological investigations when suspected. Such bleeding is unlikely to be 
controlled with immobilization, and more invasive treatment (i.e., angioemboliza-
tion and/or surgery) is required [46]. To prevent bone resorption and to decrease the 
risk of pulmonary infection and vascular or gastrointestinal complications a mobili-
zation as soon as possible is recommended. The average hospital stays for EPs who 
sustain a pelvic fracture is around 21 days. A long rehabilitation is then necessary, 
but rarely there is a complete reestablishing for EPs [47].

13.6	 �Penetrating Trauma

While blunt trauma discussed so far (falls, motor vehicle injuries, or pedestrian col-
lision) is the most common and with outcomes favorable [48], the same cannot be 
said for penetrating trauma, which is relatively rare but with an extremely poor 
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prognosis. This poor prognosis is due to the scarce physiological reserve in associa-
tion with several comorbidities, as such preexisting cardiovascular disease, which 
requires the administration of anticoagulants. Penetrating trauma is most commonly 
due to a suicide attempt. Social context (urban setting) and comorbidities (depres-
sion and chronic pain) may deeply affect EP quality of life. Self-inflicted injury 
rates increase with aging (46.2% between 65 and 74 years of age and 51.5% over 
75 years of age). This type of injury represents a clear public issue [49]. In 80% of 
suicide attempts, firearms are predominantly employed, and the head is the site most 
commonly involved (54.2%), with an extremely high mortality (over 90%). Further 
anatomical sites of penetrating trauma are the thorax (13.5%) and abdomen (8.2%). 
In assaulted patients, the thorax and abdomen are the most commonly involved area 
(43%), followed by the extremities (16.9%). Higher mortality is recorded in suicide 
attempts (60%) as compared to assault-related patients (25%) or unintentional pen-
etrating injuries (9%) [49]. Given the complex history and home therapy often pres-
ent in EPs, these patients should be closely assessed and monitored. As mentioned 
above, it has been demonstrated that the classic hemodynamic criteria (systolic BP 
<90 mmHg or heart rate >120/min), which are typically applied in trauma team 
activation, are inadequate in EPs [12]. As soon as the patient is admitted, it is crucial 
to gather the detailed clinical history and the home therapy must be scrupulously 
evaluated. The anticoagulant therapy is frequent in EPs, so the anticoagulants need 
to be promptly interrupted and the coagulopathy corrected if the ISS is high [50]. 
Multiple blood tests may help in assessing EPs whose vital signs are modified by 
anticoagulants and beta-blockers. In these patients, vital signs “wrongly” consid-
ered stable may conceal potentially life-threatening bleeding. ATLS guidelines 
should be adopted. Radiological investigations need to be completed while monitor-
ing vital signs continuously, and angioembolization or aggressive interventions 
should be considered in the first phase of the evaluation [51]. Fluid administration 
needs to be managed carefully because the physiological response between hypovo-
lemia and edema in EPs is extremely thin. However, a regulated hydration and 
bicarbonate administration reduce nephropathy. In trauma patients, the thermoregu-
latory response may be dysregulated causing hypothermia, acidosis, and coagulopa-
thy. Therefore, hypothermia prevention through the administration of warm fluids 
represents a mainstay in the management of trauma [52]. Surgical management is 
related to the injured area and whether vital signs are stable. If vital signs are stable, 
further investigations (such as CT scan, endoscopy, and bronchoscopy) should be 
considered and a conservative treatment evaluated. Patients with penetrating trauma 
to the neck need an emergency operation if the vascular or aerodigestive system is 
involved and vital signs are unstable. Historically, less than 15–20% of penetrating 
neck injuries need surgery [53, 54]. In cases of chest trauma with hemodynamic 
instability, an emergency thoracotomy or median sternotomy, depending on the site 
involved, is required. Most cases of penetrating trauma to the chest (nearly 80%) 
may be treated with a chest drain [55]. Penetrating trauma to the abdomen which 
results in peritonitis or in hemodynamic instability requires an emergency laparot-
omy [56]. An emergency laparoscopy should be taken into consideration in left 
thoracoabdominal trauma and penetrating trauma to the lower part of the left thorax, 
in order to rule out lacerations to the diaphragm [51] (Fig. 13.1).
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