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Abstract 

Background The trauma mortality rate is higher in the elderly compared with younger patients. Ageing is associated 
with physiological changes in multiple systems and correlated with frailty. Frailty is a risk factor for mortality in elderly 
trauma patients. We aim to provide evidence‑based guidelines for the management of geriatric trauma patients 
to improve it and reduce futile procedures.

Methods Six working groups of expert acute care and trauma surgeons reviewed extensively the literature accord‑
ing to the topic and the PICO question assigned. Statements and recommendations were assessed according 
to the GRADE methodology and approved by a consensus of experts in the field at the 10th international congress 
of the WSES in 2023.

Results The management of elderly trauma patients requires knowledge of ageing physiology, a focused triage, 
including drug history, frailty assessment, nutritional status, and early activation of trauma protocol to improve out‑
comes. Acute trauma pain in the elderly has to be managed in a multimodal analgesic approach, to avoid side effects 
of opioid use. Antibiotic prophylaxis is recommended in penetrating (abdominal, thoracic) trauma, in severely burned 
and in open fractures elderly patients to decrease septic complications. Antibiotics are not recommended in blunt 
trauma in the absence of signs of sepsis and septic shock. Venous thromboembolism prophylaxis with LMWH or UFH 
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should be administrated as soon as possible in high and moderate‑risk elderly trauma patients according to the renal 
function, weight of the patient and bleeding risk. A palliative care team should be involved as soon as possible to dis‑
cuss the end of life in a multidisciplinary approach considering the patient’s directives, family feelings and representa‑
tives’ desires, and all decisions should be shared.

Conclusions The management of elderly trauma patients requires knowledge of ageing physiology, a focused tri‑
age based on assessing frailty and early activation of trauma protocol to improve outcomes. Geriatric Intensive Care 
Units are needed to care for elderly and frail trauma patients in a multidisciplinary approach to decrease mortality 
and improve outcomes.

Keywords Elderly, Geriatric patient, Trauma management, Imaging, Laboratory test, Trauma score, Resuscitation, 
Delirium, Pain control, Antibiotics, Thrombo‑prophylaxis, Direct oral anticoagulants management, Vitamin K 
antagonists anticoagulants management, Palliative care, End of life, Frailty, Ageing

Graphical abstract

The 2023 WSES guidelines on the management of trauma in elderly and frail patients. 

BACKGROU D 

The trauma mortality 
rate is higher in the 
elderly compared with 
younger patients. 

Ageing is associated with 
physiological changes in 
multiple systems and 
correlated with frailty. 
Frailty is a risk factor 
for mortality in elderly 
trauma patients.  

We aim to provide 
evidence-based 
guidelines for the 
management of geriatric 
trauma patients to 
improve it and reduce 
futile procedures.

The management of elderly trauma patients requires 
knowledge of ageing physiology, a focused triage, including 
drug history, frailty assessment, nutritional status, and early 
activation of trauma protocol to improve outcomes. 

Acute trauma pain in the elderly has to be managed in a 
multimodal analgesic approach, to avoid side effects of 
opioid use. 

Antibiotic prophylaxis is recommended in penetrating 
(abdominal, thoracic) trauma, in severely burned and in 
open fractures in elderly patients to decrease septic 
complications.  

Antibiotics are not recommended in blunt trauma in the 
absence of signs of sepsis and septic shock. 

Venous thromboembolism prophylaxis with LMWH or UFH 
should be administrated as soon as possible in high and 
moderate-risk elderly trauma patients according to the renal 
function, weight of the patient and bleeding risk. 

A palliative care team should be involved as soon as possible 
to discuss the end of life in a multidisciplinary approach 

representatives' desires. All decisions should be shared. 

B.De Simone, F.Catena et al; WJES, 2024
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Background
With improvements in health and social care in the last 
century, the over-65-year-old patient cohort makes up 
a quarter of the population in the developed world. In 
the year 2000, the number of persons aged 65 years and 
older represented just more than 12% of the US pop-
ulation; by 2050, they are expected to make up more 
than 21% of the total population and almost 39% of 
trauma admissions, with an increasing of more than 
20%. Patients aged 80 years and older that represent the 

group of “oldest old” patients, will increase to nearly 20 
million persons by the year 2030 [1, 2].

In 2020, more than one-fifth (20.6%) of the EU popu-
lation was aged 65 and over [2].

The longer life expectancy of the world population, 
who adopt an active lifestyle, and the effect of aging on 
patients’ physiology sustain trauma and mortality. Age-
related anatomical modifications such as decreased mus-
cle mass and strength, bone density, and joint flexibility 
and physiological changes, including decreased vision 
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and hearing, slower reflexes, poorer balance, impaired 
motor and cognitive function associated with unrecog-
nised frailty, make caring for geriatric patients challeng-
ing [3, 4].

Trauma is the fifth leading cause of death when all age 
groups are considered, the fourth leading cause of death 
in those aged 55–64 years and the ninth leading cause of 
mortality in patients aged 65 years and older [4–6].

The most common mechanism of injury in patients 
aged ≥ 65 is the ground-level fall. Six percent of ground-
level falls patients will sustain a fracture, and 10–30% of 
these patients will have polytrauma, being elderly people 
more likely to sustain fractures of the cervical spine, ribs, 
hip, and extremities. Mortality rate in this age-group is 
reported to be as high as 7% [7–12]. Prevention strate-
gies, endorsed recently by several western countries, 
to reduce falls in elderly such as home-based exercise 
programs and home safety interventions are effective to 
reduce the risk of falling but they have limited applica-
tions in active and independent people in the immediate 
future because of their high costs for healthcare systems 
[10].

Motor vehicle crashes are the second most common 
mechanism of injury among older patients, and the most 
common cause of traumatic mortality [4–7]. About one-
quarter of all older adult victims of motor vehicle crashes 
sustain a chest injury which can exacerbate preexisting 
cardiopulmonary disease and increases the risk of signifi-
cant complications, including pneumonia and respiratory 
failure [4–6].

Older adults are second only to children as victims of 
pedestrian injuries, but account for the largest percent-
age of the auto-pedestrian fatalities. The highest mortal-
ity rate in geriatric trauma is among pedestrians struck 
by a vehicle [7, 11–13].

Elderly women are also at high risk of burn injury, 
mainly due to home accidents, caused mostly by fire 
and scalding [3, 14]. Burns can have a devastating effect 
on geriatric patients, in whom mortality is significantly 
higher than in younger adults for any size and localiza-
tion burn [15].

Geriatric patients are especially vulnerable to assault 
(the fourth most common mechanism of injury), result-
ing in 10% of geriatric trauma admissions. Geriatric vic-
tims of violence are 5 times more likely to die compared 
with younger victims [7, 11, 12].

Geriatric trauma mortality is high because of preex-
isting medical conditions, frailty and poor physiological 
reserve in elderly victims [16–19]. Eighty percent of geri-
atric trauma patients have at least one chronic disease, 
such as hypertension, arthritis, heart disease, pulmonary 

disease, cancer, diabetes, or history of stroke [4 Grabo]. 
These comorbidities, when combined with frailty result 
in more vulnerability to stress.

This is the raison why elderly trauma patients cannot 
be managed like adult younger trauma victims [18]. Deep 
understanding of their physiology is essential to pro-
vide them with proper treatment [20]. Important issues 
in improving the management and clinical outcomes of 
geriatric trauma include: (1) avoiding under-triage; (2) 
early, targeted, and aggressive care; and (3) early admis-
sion to an Intensive Care Unit (ICU). To accomplish 
these points, we need to early assess and manage “frail” 
patients. We aim to provide evidence-based guidelines 
for the management of geriatric trauma patients so as to 
improve it and reduce futile procedures.

Methodology
According to PICO [21] criteria, the coordinator of the 
project identified research areas, main topics and ques-
tions correlated to geriatric trauma management to 
investigate. The main topics and PICO questions are 
summarized in the Table 1.

Six working groups of experienced acute care and 
emergency surgeons were constituted to carry out a 
focused systematic review about the topic assigned, using 
PubMed, EMBASE, Google Scholar, and the Cochrane 
Central Register of Controlled Trials databases. accord-
ing to PRISMA methodology [22]. Literature search was 
concluded in May 2023, limited to articles in English 
language and focused on the analysis of previously pub-
lished systematic reviews with/without meta-analysis, 
randomized controlled trials, and observational stud-
ies (retrospective, prospective, and registry studies). The 
coordinator supervised each step of literature searching, 
study selection, the final presentation of evidence and 
wrote the manuscript.

Each working group provided a focused draft and a 
variable number of statements and recommendations 
according to the Grading of Recommendations, Assess-
ment, Development and Evaluation (GRADE) [23]. The 
provisional statements and the supporting literature were 
reviewed and discussed by email/call conferences and 
modified if necessary. Controversies statements and rec-
ommendations were validated with a Delphi consensus of 
WSES experts [24].

The final manuscript was discussed during the WSES 
Congress held in Pisa in June, 2023. Comments and sug-
gestions were implemented to improve the recommenda-
tions in the geriatric trauma management.

The recommendations are summarised in Table 2.
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Notes on the use of these guidelines
The 2023 WSES geriatric trauma guidelines are the result 
of an extensive review of the literature and a validation 
by a consensus of experts in the field. The statements and 
recommendations provided in this work do not represent 

a standard of practice but a suggested plan of care, 
based on the best available evidence and the consensus 
of experts, but they do not exclude other approaches as 
being within the standard of practice. These guidelines 
should be used and tailored by the treating surgeons and 

Table 1 Topics and PICO questions

MAIN TOPIC PICO QUESTIONS

DEFINITIONS Q.1.1: Which trauma patient is defined as “old” at initial evaluation?

Q 1.2: When a patient is considered “physiologically old” and does he/she deserve 
different management after (blunt and penetrating) trauma?

PRIMARY EVALUATION/ASSESSMENT Q 2.1:
Which injury (physiological and anatomical) scores are higher predictive of outcome 
in evaluating elderly patients for trauma?

Q 2.2:
Which clinical features do better define the hemodynamic instability in geriatric 
trauma patients?

Q 2.3:
Which laboratory tests and biological markers are useful to evaluate the elderly 
trauma patient before resuscitation?

Q 2.4:
Which imaging studies are useful to better evaluate trauma elderly patients?

RESUSCITATION Q 3.1:
What early resuscitative protocol including intravenous fluids, blood transfusions 
or vasopressors should be used to manage geriatric trauma patients at primary 
evaluation?

Q 3.2:
Which are the resuscitation endpoints in elderly trauma patients?

Q 3.3:
Which vasopressors are indicated in comorbid elderly injured patients?

Q 3.4:
Vasopressors treatments versus permissive hypotension in geriatric trauma patients: 
which are the clinical parameters and laboratory tests to consider in the choice?

Q 3.5:
How intraoperative hypotension status is correlated with delirium in geriatric 
patients?

MANAGEMENT OF ORAL ANTICOAGULANTS Q 4.1:
Which blood tests are useful to evaluate geriatric patients with anticoagulant drugs 
in trauma setting?

Q 4.2:
Which reversal protocol is indicated in patients in treatment with vitamin K antago‑
nists?

Q 4.3:
Which reversal protocol is indicated in patients in treatment with direct oral antico‑
agulants (DOACs) ?

ANTIBIOTICS, ANALGESIA AND ANTI‑THROMBOTIC PROPHYLAXIS Q 5.1:
When is it indicated to administer antibiotics in elderly trauma patients?

Q 5.2:
How to control pain in elderly patients admitted for trauma?

Q 5.3:
When and how is indicated to perform thrombo‑prophylaxis in elderly trauma 
patients?

MANAGEMENT OF THE END‑OF‑LIFE IN IN TRAUMA SETTING 
FOR ELDERLY PATIENTS

Q 6.1:
Which are the clinical features and vital parameters to define the elderly patient 
at end of life after trauma?

Q 6.2:
Could palliative management be useful in the management of an elderly patient 
at the end of life?
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Table 2 List of recommendations

PICO QUESTIONS RECOMMENDATIONS

Q.1.1: Which trauma patient is defined as “old” at initial 
evaluation?

We suggest early trauma protocol activation in patients aged ≥ 55 years old [Weak recom‑
mendation based on a low level of evidence 2C]
We recommend to carefully evaluate injured patients aged ≥ 55‑year‑old for potential high 
risk of mortality and to avoid under‑triage [Strong recommendation based on a low level 
of evidence 1C]

Q 1.2: When a patient is considered “physiologically 
old” and does he/she deserve different management 
after (blunt and penetrating) trauma?

We suggest an early and rapid assessment of the patient including vital signs on presenta‑
tion, mechanism of injury, injury severity and frailty including comorbidities and medication 
history to identify vulnerable trauma patients [Weak recommendation based on low level 
of evidence 2C]
We recommend assessing frailty in all elderly trauma patients [Strong recommendation 
based on a moderate level of evidence 1B]

Q 2.1:
Which injury (physiological and anatomical) scores 
are higher predictive of outcome in evaluating elderly 
patients for trauma?

We suggest evaluating elderly patients for trauma through the Geriatric Trauma Outcome 
Score (GTOS) to predict in‑hospital mortality and the Trauma‑Specific Frailty Index in order 
to identify patients at highest risk of poor outcome [Weak Recommendation, based on Mod‑
erate Quality of Evidence, 2B]

Q 2.2:
Which clinical features do better define the hemody‑
namic instability in geriatric trauma patients?

We recommend keeping a lower threshold for trauma protocol activation in geriat‑
ric patients, with triage set points of heart ratio 90 bpm and systolic blood pressure 
less than 110 mmHg [Strong Recommendation, based on Moderate Quality of Evidence, 1B]

Q 2.3:
Which laboratory tests and biological markers are useful 
to evaluate the elderly trauma patient before resuscita‑
tion?

We recommend performing an early blood gas (arterial or venous) for baseline base‑deficit 
or a lactic acid assessment in geriatric trauma patients [Strong Recommendation, based 
on Moderate Quality of Evidence, 1B]

Q 2.4:
Which imaging studies are useful to better evaluate 
trauma elderly patients?

We recommend a low threshold for initial imaging with CT scan in geriatric trauma patients. 
The diagnostic yield of a contrast‑enhanced CT outweighs the risk of contrast‑induced 
nephropathy, especially in view of the potential, dramatic effects of under‑triage [Strong 
Recommendation, based on Moderate Quality of Evidence, 1B]

Q 3.1:
What early resuscitative protocol including intravenous 
fluids, blood transfusions or vasopressors should be 
used to manage geriatric trauma patients at primary 
evaluation?

We recommend that every trauma center provides meticulous triage criteria to recognize 
the need to early activate resuscitative protocols for elderly patients. These triaging criteria 
should include physical examination, vital signs, blood gas analysis, and medical history, 
emphasizing clinical conditions and drug history that may guide resuscitative therapies, 
early coagulative support, and the need to correct coagulopathies, and minimise fluids 
[Strong recommendation based on moderate quality of evidence 1B]
We recommend rapid recognition and correction of coagulation disorders related to trauma 
or chronic medication intake in elderly patients. [Strong recommendation based on moder‑
ate quality of evidence 1B]
We recommend performing serial base deficit assessment and lactate levels as markers 
of occult hypoperfusion in addition to close monitoring of vital parameters trend (heart 
rate, blood pressure, respiratory rate, urinary output), and mental status in elderly patients 
in a dedicated intensive geriatric care unit [Strong recommendation based on moderate‑low 
level quality of evidence 1B]
We suggest considering carefully to administer inotropic agents in selected non‑responding 
elderly patients to target resuscitation [Weak recommendation based on low level of evi‑
dence 2C]

Q 3.2:
Which are the resuscitation endpoints in elderly trauma 
patients?

We recommend evaluating the indication for invasive versus non‑invasive hemodynamic 
monitoring on a case‑by‑case basis in injured elderly patients. Hypoperfusion should be 
ruled out by serial base deficit assessments and lactate concentration [Strong recommenda‑
tion based on moderate‑low level of evidence 1B]
We suggest the implementation of POCUS in monitoring the cardiac function and blood 
volume in elderly injured patient, if skills are present. Invasive hemodynamic monitor‑
ing should be reserved in selected cases, to critically ill elderly trauma patients who have 
hypotension, significant injuries (as defined by an Abbreviated Injury Score > 3 or a Trauma 
Score < 15), or uncertain cardiovascular and/or fluid status [Weak recommendation based 
on moderate and low level of evidence 2B]
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Table 2 (continued)

PICO QUESTIONS RECOMMENDATIONS

Q 3.3:
Which vasopressors are indicated in comorbid elderly 
injured patients?

We recommend against the routine use of vasopressors in elderly injured patients present‑
ing with hypotension caused by hemorrhage [Strong recommendation based on high‑
moderate level of evidence 1A]
We recommend identifying the cause of hypoperfusion and assessing preexisting condi‑
tions and pharmacologic history before choosing a vasopressor in managing trauma 
in an elderly patient [Strong recommendation based on a high‑low quality level of evidence 
1A]
We suggest using norepinephrine in elderly patients suffering from neurogenic shock. The 
dose to be used must be the lowest to guarantee tissue perfusion. The possible onset of car‑
diac arrhythmia and possible hypotensive effects should be monitored [Weak recommenda‑
tion based on a moderate‑low quality level of evidence 2B]

Q 3.4:
Vasopressors treatments versus permissive hypotension 
in geriatric trauma patients: which are the clinical param‑
eters and laboratory tests to consider in the choice?

We recommend to carefully evaluate to implement permissive hypotension in managing 
selected elderly trauma patients. Tissue perfusion has to be constantly monitored by base 
excess level, arterial lactates dosage, urine output, and when possible, neurologic assess‑
ment. [Strong recommendation based on a high‑low quality level of evidence 1A]

Q 3.5:
How intraoperative hypotension status is correlated 
with delirium in geriatric patients?

We suggest assessing, as early as possible, the risk factors for the onset of delirium because it 
is related to unfavourable outcomes in trauma geriatric patients. [Weak recommendation 
based on a moderate‑low quality level of evidence 2B]

Q 4.1:
Which blood tests are useful to evaluate geriatric 
patients with anticoagulant drugs in trauma setting?

We recommend performing routinely the common coagulation assays in elderly patients 
including the Activated Partial Thromboplastin Time (aPTT), Thromboplastin Time (TT), 
Prothrombin Time (PT), INR, and anti‑Xa levels to assess early anticoagulants exposure 
in the trauma setting. There is not enough evidence to support the routinely use of TEG 
or ROTEM in elderly trauma patients. Further studies are necessary to determine their role. 
[Strong recommendation based on a moderate level quality of evidence 1B]

Q 4.2:
Which reversal protocol is indicated in patients in treat‑
ment with vitamin K antagonists?

We recommend administrating a reversal agent in elderly trauma patients anticoagulated 
with oral vitamin K antagonists who present with bleeding, not responding to supportive 
measures, major life‑threatening bleeding, bleeding located in critical organs (central nerv‑
ous system, abdominal, thoracic), or needing urgent surgical or invasive procedures [Strong 
recommendation based on a moderate level quality of evidence 1B]
We recommend using the reversal protocol including intravenous four factor prothrombin 
complex concentrates (4F‑PCCs) and 5 mg intravenous vitamin K in case of life‑threatening 
bleeding and/or urgent surgical procedures. Further doses should be administered 
if needed to achieve INR < 1.5 [Strong recommendation based on a high level quality of evi‑
dence 1A]
We recommend giving Fresh frozen plasma (FFP) as oral vitamin K antagonists (VKAs) agent 
reversal only if no other treatment is available [Strong recommendation based on a moder‑
ate quality level of evidence 1B]
We do not recommend the use of recombinant activated coagulation factor VII (rFVIIa) 
as first‑line VKA reversal agent [Strong recommendation based on a low level of quality 
evidence 1C]

Q 4.3:
Which reversal protocol is indicated in patients in treat‑
ment with direct oral anticoagulants (DOACs) ?

We recommend an early assessment of laboratory coagulation tests and direct measure‑
ments of DOAC levels, if quantitative tests are available, in elderly trauma patients receiving 
or suspected of having received a DOAC before deciding for reversal due to the thrombo‑
embolic risk [Strong recommendation based on a moderate level quality of evidence 1B]
We suggest the administration of DOACS reversal agents only in critically ill patients 
with dosable plasma DOAC levels and presenting with hemorrhagic shock not respond‑
ing to resuscitation, when level of DOACS can be assessed [Weak recommendation based 
on a moderate‑low quality of evidence 2B]
If the trauma patient with uncontrolled life‑threatening bleeding, was treated with dabi‑
gatran (anti‑FIIa activity), the suggested reversal protocol is to administer idarucizumab 
5 g IV. If idarucizumab is not available, 50 units/kg IV of activated prothrombin complex 
concentrates (APCC) may be administrated [Weak recommendation based on a moderate‑
low quality level of evidence 2B]
In patients with rivaroxaban‑associated or apixaban‑associated (FX inhibitors) life‑threat‑
ening and uncontrolled bleeding, the suggested reversal protocol is the administration 
of andexanet alfa as an intravenous bolus of 400 mg over 15 min followed by a continuous 
infusion of 480 mg over 2 h (low dose) or 800 mg over 30 min followed by a continuous 
infusion of 960 mg over 2 h (high dose), according to the last dose of DOAC and the size 
of the dose. If andexanet alfa is not available, 2000 units of four‑factor prothrombin complex 
concentrates (PCC) may be administrated [Weak recommendation based on a moderate‑
low quality level of evidence 2B]
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Table 2 (continued)

PICO QUESTIONS RECOMMENDATIONS

Q 5.1:
When is it indicated to administer antibiotics in elderly 
trauma patients?

We recommend antibiotic prophylaxis in penetrating (abdominal, thoracic) trauma, 
in severely burned and in open fractures in elderly patients to decrease septic complications 
[Strong recommendation based on a high‑moderate quality level of evidence 1A]
We recommend early empiric antibiotic therapy in patients presenting with signs of sepsis 
and septic shock and high risk patients (obesity, immunocompromised, high ASA score) 
in penetrating abdominal trauma, which should be active against common bacteria 
causing surgical site infections in peritonitis, such as Escherichia coli or other Enterobacteri-
ales or Clostridiales [Strong recommendation based on a moderate quality level of evidence 
1B]
We recommend against the administration of antibiotics in blunt trauma in absence of signs 
of sepsis and septic shock [Strong recommendation based on a moderate‑low quality level 
of evidence 1B]

Q 5.2:
How to control pain in elderly patients admitted 
for trauma?

We recommend a regular administration of intravenous acetaminophen every 6 h as first 
line treatment in managing acute trauma pain in the elderly in a multimodal analgesic 
approach [Strong recommendation based on high quality level of evidence 1A]
We suggest considering to add NSAIDs in elderly patients presenting with severe pain, tak‑
ing into account potential adverse events and pharmacological interactions [Weak recom‑
mendation based on a moderate quality level of evidence 2B]
We recommend the implementation of Multi‑Modal‑Analgesia approach (MMA) in trauma 
setting for elderly injured patients including acetaminophen, gabapentinoids, NSAIDs, lido‑
caine patches, and tramadol and opioids only for breakthrough pain for the shortest period 
of administration at the lowest effective dose [Strong recommendation based on a moder‑
ate quality level of evidence 1B]
We recommend peripheral nerve blocks placement in elderly patients with acute hip 
fractures at the time of presentation to reduce preoperative and postoperative opioid use 
for analgesia [Strong recommendation based on a high quality level of evidence 1A]
We suggest the adoption of epidural analgesia and regional anaesthesia to control severe 
pain in acute hip fractures in selected elderly patients [Weak recommendation based 
on a moderate quality level of evidence 2B]
In elderly patients with ribs fractures, we recommend the association of systemic analgesic 
treatment with thoracic epidural and paravertebral blocks to offer an adequate pain control 
with limited contraindications and improvement in respiratory function, reducing opioid 
consumption, infections and delirium, if skills are available [Strong recommendation based 
on a high quality level of evidence 1A]
We recommend to routinely consider the use of epidural or spinal analgesia for manage‑
ment of postoperative pain in elderly patients who undergo major thoracic and abdominal 
procedures for trauma, if skills are available [Strong recommendation based on a high‑
quality level of evidence 1A]
We recommend carefully evaluating the use of neuraxial and plexus blocks for patients 
receiving anticoagulants to avoid bleeding and complications [Strong recommendation 
based on a high‑quality level of evidence 1A]
We suggest the implementation of non‑pharmacological measures such as immobilizing 
limbs and applying dressings or ice packs in conjunction with drug therapy, in control acute 
pain in elderly patients in the trauma setting [Weak recommendation based on a very low 
level of evidence 2D]

Q 5.3:
When and how is indicated to perform thrombo‑prophy‑
laxis in elderly trauma patients?

We recommend administering venous thromboembolism prophylaxis with LMWH or UFH 
as soon as possible in high and moderate risk elderly patients in the trauma setting accord‑
ing to the renal function, weight of the patient and bleeding risk [Strong recommendation 
based on a low quality level of evidence 1C]
If pharmacological prophylaxis of venous thromboembolism is contraindicated, we rec‑
ommend mechanical prophylaxis [Strong recommendation based on a low quality level 
of evidence 1C]

Q 6.1:
Which are the clinical features and vital parameters 
to define the elderly patient at end of life after trauma?

We recommend discussing in a multidisciplinary approach the end of life in an elderly 
patient in the trauma setting. The decision should be considering the patient’s directives, 
family feelings and representatives desires and should be shared [Strong recommendation 
based on a low‑very low quality of evidence 1D]

Q 6.2:
Could palliative management be useful in the manage‑
ment of an elderly patient at the end of life?

We recommend involving as soon as possible the palliative care team in managing 
an elderly severely injured patient at the end‑of‑life status [Strong recommendation based 
on a low‑very low quality level of evidence 1C]
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individualized for each patient depending on the setting 
and should not be followed blindly.

Results
Definitions
Key Question 1.1

Which trauma patient is defined as “old” at initial 
evaluation?

Statement 1.1.1
The chronological age does not correspond to the 

biological age. Aging is correlated with para-physiolog-
ical changes in organ systems with altered response to 
trauma, compared with younger injured patients [QoE 
MODERATE B].

Statement 1.1.2
Patients aged ≥ 55 may require dedicated trauma care, 

because they may have high mortality rates after trauma 
[QoE LOW C].

Statement 1.1.3
The age of 65 is most often used referring to “old”, 

“elderly” or “geriatric” patients [QoE HIGH A].
Recommendation 1.1
We suggest early trauma protocol activation in patients 

aged ≥ 55 years old [Weak recommendation based on a 
low level of evidence 2C].

We recommend to carefully evaluate injured patients 
aged ≥ 55-year-old for potential high risk of mortality and 
to avoid under-triage [Strong recommendation based 
on a low level of evidence 1C].

Summary of evidence and discussion
There are different ways of defining elderly people. Sta-
tistics on ageing generally categorize older people as 
being above a certain age threshold. Despite that, differ-
ent cut-off levels of age have been suggested, generally a 
patient is defined as “geriatric” when aged 65 years old. 
The United Nations (UN) noted in World Population 
Ageing 2019 that older people are commonly defined as 
those aged from 60 or 65 years or more, while the World 
Health Organisation (WHO) states that older people in 
developed world economies are commonly defined as 
those aged 65 years or more. The WHO uses an alter-
native definition, whereby an older person is defined as 
someone who has already passed the median life expec-
tancy at birth [25].

In trauma management, recent data suggest that mor-
tality as adjusted for injury severity scale (ISS) increases 
at the age of 70 years, making the age of 70 the cutoff at 
which to consider a patient with trauma elderly or geri-
atric [26]. This notion is distinct from Advanced Trauma 
Life Support (ATLS) teaching, which recommends trans-
portation to a trauma center for any patient older than 55 
years. The Eastern Association for the Surgery of Trauma 

(EAST) guidelines which defines patients older than 65 
years as elderly [27, 28].

Recently, a large multicenter analysis of 255,099 
patients reported a significant increase in mortality 
at ages of 55, 77, and 82 years suggesting that trauma 
patients older than 55 years have to be considered for 
inclusion in geriatric trauma protocols. Furthermore, 
patients aged above 77 and at 82 years may need addi-
tional specialized care considerations. As age increased, 
patients were more female, have more dementia, sustain 
a ground level fall, and are more likely to be discharged 
to a skilled nursing facility after admission for trauma 
[29]. Although there is no consensus on an age cutoff for 
a patient with trauma to be considered elderly, the age of 
65 is most often used in the trauma literature. Neverthe-
less, patients aged 55 and older are at high risk for mor-
tality after trauma.

Key Question 1.2
When is a patient considered “physiologically old” 

and does he/she deserve different management after 
(blunt or penetrating) trauma?

Statement 1.2.
Frailty, hearth diseases, hepatic diseases, renal diseases, 

and cancer according to their stage and severity are risk 
factors for mortality in trauma patients [QoE low C].

Recommendation 1.2
We suggest an early and rapid assessment of the patient 

including vital signs on presentation, mechanism of 
injury, injury severity and frailty including comorbidi-
ties and medication history to identify vulnerable trauma 
patients [Weak recommendation based on low level of 
evidence 2C].

We recommend assessing frailty in all elderly trauma 
patients [Strong recommendation based on a moder-
ate level of evidence 1B].

Summary of evidence and discussion
Older adults are becoming increasingly involved in major 
trauma, which is often defined as an Injury Severity 
Score greater than 15 [30]. One-third of all injury-related 
deaths among males and two-thirds of such deaths 
among females occur in those aged 65 years or older. The 
care of major trauma in this growing age group remains 
challenging [27, 30–33]. Older patients with trauma are 
at risk for increased morbidity and mortality and pro-
longed hospital stay [26, 34–36]. Older patients experi-
ence major trauma from low-velocity mechanisms, such 
as falls from 1 m or less [37]. This may partially explain 
an under-triage of older patients, which delays activating 
the trauma team and transfer to a trauma center [38–45]. 
Chronological age is not a physiological age. Trauma out-
comes in older patients are worse for those with comor-
bidity. A population-based study focused on assessing the 
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impact of pre-existing conditions on mortality and mor-
bidity in trauma patients older than 65 years. It enrolled 
33,781 patients and showed an overall mortality of 7.6%. 
For each 1-year increase in age beyond age 65, odds of 
dying after geriatric trauma increased by 6.8%. When 
presenting vital signs, Glasgow Coma Scale (GCS) score, 
and ISS were adjusted for, hepatic disease, renal disease 
and cancer were risk factors for mortality. Furthermore, 
chronic steroid use increased the odds of death after geri-
atric trauma, whereas Coumadin therapy did not [16].

A prospective cohort study of 250 (median age of 80 
years old) patients at a level I trauma center reported 
the frailty was present in 44% and was correlated with 
increased in-hospital complications such as cardiac, pul-
monary, infectious, hematologic, renal, reoperation, and 
worse discharge disposition. Patients who died had more 
frailty [19]. Frailty is a syndrome of decreased physiologi-
cal reserve and resistance to stressors, which results in 
worsening mobility and disability, hospitalizations, com-
plications, and death [19].

Primary evaluation and triage of older people victims 
of a trauma, which includes clinical exam and objec-
tive assessment is challenging because of the physiologic 
differences between older and younger patients. Kehoe 
and colleagues [46] reported that older patients with a 
traumatic brain injury are often evaluated with a higher 
GCS score compared with younger patients. Heffernan 
and colleagues [47] reported also an increased mortality 
in patients aged 65 or older with trauma admitted with 
a systolic blood pressure less than 110 mm Hg (vs. > 95 
mm Hg in younger patients) and heart rate greater than 
90 beats/min (vs. > 130 beats/min in younger patients). In 
fact, older patients with trauma may have chronic occult 
hypoperfusion, which makes the presence of “normal” ini-
tial vital signs unreliable. Elderly patients frequently have 
higher blood pressure, therefore, a “normal” blood pres-
sure may be hypotension in the elderly. Other examples 
include modification of conventional GCS cut-off values 
[48] and initial vital signs [47, 49] for older patients. Other 
authors have recommended using markers such as serum 
lactate level and base deficit [50–54] as alternative predic-
tors of mortality. There is a need to modify trauma care of 
the elderly to improve the clinical outcome [55].

Primary evaluation/assessment
Key Question 2.1

Which injury (physiological and anatomical) scores 
are stronger predictors of outcome in evaluating 
elderly patients for trauma?

Statement 2.1.1
Geriatric trauma patients are usually under-triaged to 

trauma centers due to low energy mechanisms of injury, 
unreliability of vital signs, and the use of medications that 

can obscure the physiologic response to trauma. Specific 
triaging scores can be used to predict outcomes in geriat-
ric trauma patients and guide the triage decision-making 
process towards transfer to a Level I trauma centers and 
aggressive treatment (QoE moderate B).

Recommendation 2.1
We suggest evaluating elderly patients for trauma 

through the Geriatric Trauma Outcome Score (GTOS) 
to predict in-hospital mortality and the Trauma-Specific 
Frailty Index to identify patients at highest risk of poor 
outcome [Weak Recommendation, based on Moderate 
Quality of Evidence, 2B].

Summary of evidence and discussion
Several scoring systems, with the purpose of supporting 
decision making, have been proposed to accurately pre-
dict outcomes for geriatric trauma patients. Age ≥ 65 years 
has shown to be an independent risk factor for increased 
mortality in trauma, controlled for the same Injury Sever-
ity Score (ISS), with a 2.4–5.6 greater risk of death [16, 26, 
56, 57]. However, the risk of death from trauma seems to 
increase earlier, at the age of 56 [58]. With the purpose of 
predicting in-hospital mortality in patients over the age 
of 65 years, in 2015 Zhao et  al. developed an objective 
tool based on the covariates of age, ISS and transfusion 
requirements during the first 24 h of care. The Geriatric 
Trauma Outcome Score (GTOS) (Fig.  1) uses a formula 
that is [age] + [2.5 × ISS] + 22 (if packed red blood cells 
transfused ≤ 24 h of admission). In practice it showed to 
accurately predict continuous odds of mortality across a 
spectrum of injury severity. In the original publication by 
Zhao et al., the area under the receiver operating character-
istic curve for the GTOS model was 0.82 [59]. Afterwards, 
the Prognostic Assessment of Life and Limitations After 
Trauma in the Elderly (PALLIATE) consortium [60] con-
firmed that the GTOS accurately predicts an elderly trauma 
patient’s probability of dying during the index admission 
after injury, with an area under the curve applied to the 
validation sample of 0.86. Conversely, the GTOS does not 
seem to be a reliable prediction of 1-year mortality [61].

Recently, Ravindranath et  al. evaluated retrospectively 
all elderly trauma patients admitted to the State Trauma 
Unit (Western Australia) between 2009 and 2019. Of the 
57.473 trauma admissions during the study period, 15.034 
(26.2%) were ≥ 65-year old. The ability of the GTOS to pre-
dict mortality was good (area under the curve 0.838, 95% 

Fig. 1 The Geriatric Trauma Outcome Score (GTOS)
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CI 0.821–0.855), and better than either age (area under the 
curve 0.603, 95% CI 0.581–0.624) or ISS alone (area under 
the curve 0.799, 95% CI 0.779–0.819) alone. Notewor-
thy, the GTOS score (area under the curve 0.683, 95% CI 
0.591–0.775) was inferior to the APACHE III (area under 
the curve 0.783, 95% CI 0.699–0.867) in predicting mor-
tality for patients requiring intensive care. The calibration 
of the GTOS was reasonable when the predicted risk of 
death was < 50%, whereas when the predicted risk of death 
was > 50%, the model tended to be over pessimistic by over-
estimating the risks of death [62].

Both the ISS and GTOS trauma scoring systems were 
confirmed to be predictive of mortality in the study by 
Egglestone et  al., with an area under the curve of 0.66 
(95% CI 0.59–0.74) for the ISS, and 0.68 (95% CI 0.61–
0.76) for the GTOS. The optimal cut-off points were ≥ 28 
and ≥ 142, for ISS and GTOS, respectively [63]. In the 
study by Jiang et  al., compared with APACHE II and 
SAPS II (Simplified acute physiology score II), the ISS, 
NISS (New Injury Severity Score), and TRISS (Trauma 
and Injury Severity Score) appeared to be better predic-
tors of in-hospital mortality in elderly trauma patients. 
The area under the curve for the ISS was 0.807, 0.850 for 
the NISS, 0.828 for the TRISS, 0.715 for the APACHE II, 
and 0.725 for SAPS II (Simplified acute physiology score 
II) [64].

Although the GTOS seems to predict mortality in 
elderly trauma patients quite accurately, this score highly 
relies on ISS judgments, which are known for their sub-
jectivity and suboptimal inter-observer reliability [65].

By conducting a receiver operating characteristic anal-
ysis, Scherer et al. performed a comparison with GTOS 
and the Revised Injury Severity Classification II (RISC-II) 
Score on a total of 58.055 geriatric trauma patients (mean 
age 77 years). Univariable models led to the following 
variables: age 80 years, need for packed red blood cells 
(PRBC) transfusion prior to intensive care unit (ICU), 
American Society of Anesthesiologists (ASA) score 3, 
Glasgow Coma Scale (GCS) 13, Abbreviated Injury Scale 
(AIS) in any body region 4. The maximum GERtality 
constructed on these five-variable score was 5 points. A 
mortality rate of 72.4% was calculated in patients with 
the maximum GERtality score. Mortality rates of 65.1 
and 47.5% were encountered in patients with GERtality 
scores of 4 and 3 points, respectively. The area under the 
curve for the accuracy of mortality prediction was 0.784 
and 0.879 for the GTOS and the RISC-II, respectively, 
whereas the novel GERtality score yielded an accuracy 
of 0.803. The new GERtality score seems to be an user-
friendly and adequate in-hospital mortality prediction 
model for severely injured geriatric trauma patients, as 
it includes only five easily assessable patient variables, 

which makes it practical and simple to calculate. How-
ever, further studies should validate the novel GERtality 
score on different datasets [66].

The Trauma-specific Frailty Index (TSFI) (Fig.  2), 
including frailty, is a modified 15-component scale vali-
dated in 200 patients; it has shown to be useful in plan-
ning discharge disposition of elderly trauma patients [67]. 
In a prospective cohort follow-up study conducted on 
250 geriatric trauma patients at a Level I trauma center 
at the University of Arizona (the 44% of whom were clas-
sified as frail according to the TSFI), patients with frailty 
were more likely to have in-hospital complications (odds 
ratio, 2.5; 95% CI 1.5–6.0) and adverse discharge disposi-
tion (odds ratio, 1.6; 95% CI 1.1–2.4). The mortality rate 
was 2.0%, and all patients who died were frail [19]. Simi-
larly, the Clinical Frailty Score (CFS) was found able to 
discriminate older patients at risk of higher mortality, 
delirium and increased care requirements at discharge. 
A large prospective study looking at frailty and trauma 
in older people in the UK have shown the CFS to be a 
useful tool to identify adverse post-injury outcomes in 
geriatric (≥ 65 years) trauma patients. This study showed 
that effect of frailty on mortality persists in less severe 
injury patterns with ISS ≤ 15. Frail patients had lower 
ISS (median 9 vs. 16) but greater 30-day mortality [68]. 
In keeping with these results, Cheung et  al. performed 
a 4-year retrospective cohort study with 266 patients 65 
years and older admitted to a level I trauma center, and 
found that pre-admission frailty as per the CFS (CFS 6 or 
7) was independently associated with adverse discharge 
destination (odds ratio 5.1; 95% CI 2.0 to 13.2) [69].

The study by Hamidi et  al. compared the predictive 
ability of different frailty scores to predict complications, 
mortality, discharge disposition, and 30-day readmission 
in trauma patients. The TSFI and the Rockwood Frailty 
Score (RFS) were found better predictors of outcomes 
compared with the modified Frailty Index (mFI) and the 
International Association of Nutrition and Aging 5-item 
a frailty scale (FS) [70].

Available data support the inclusion of a frailty assess-
ment through the Trauma-Specific Frailty Index in the 
trauma evaluation for the geriatric population, to identify 
patients at highest risk of poor outcome.

Key Question 2.2
Which clinical features do better define the hemo-

dynamic instability in geriatric trauma patients?
Statement 2.2.1
Most geriatric patients have hypertension, cardiovas-

cular disease, and impaired sensitivity to catecholamines. 
They can be on chronic medications such as beta-blocker 
therapy that can affect heart rate and blood pressure, 
blunting the systemic response to injury and significant 
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blood loss with the absence of early tachycardia (QoE B 
moderate).

Statement 2.2.2
Geriatric patients should have appropriate assess-

ment of their poly-pharmacologic profile as soon as 
possible after admission. They should be screened for 
beta-blockers, steroids, antiplatelet and anticoagulant 
medications. The frequent use of anticoagulant (warfa-
rin, coumadin, dabigatran, rivaroxaban) and antiplate-
let (clopidogrel, aspirin) medications in the geriatric 
population, puts these patients at high risk for signifi-
cant bleeding events, even after minor trauma (QoE B 
moderate).

Recommendation 2.2
We recommend keeping a lower threshold for trauma 

protocol activation in geriatric patients, with triage set 
points of heart ratio 90 bpm and systolic blood pressure 
less than 110 mmHg [Strong Recommendation, based 
on Moderate Quality of Evidence, 1B].

Summary of evidence and discussion
Falls are the main cause of trauma in the geriatric popula-
tion, accounting for 75% of cases, and are often low-level 
from standing or sitting height [16, 71–73].

Hashmi et  al. investigated mortality rates in severe 
injured geriatric subjects aged ≥ 65 years and found 

Fig. 2 The Trauma‑specific Frailty Index (TSFI)
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that trauma patients aged ≥ 74 years were at a higher 
risk for mortality (overall mortality rate: 14.8%, 95% CI 
9.8%-21.7%) than the younger geriatric group. Severe, 
extremely severe injuries, increasing age, and low sys-
tolic blood pressure at the presentation among geriatric 
trauma patients were found significant risk factors for 
mortality. Combined odds of dying in trauma patients 
older than 74 years was 1.67 (95% CI 1.34–2.08) com-
pared with the elderly population aged 65 years to 74 
years, but the odds of dying in patients 85 years and older 
compared with those of 75 years to 84 years was not dif-
ferent (odds ratio 1.23; 95% CI 0.99–1.52). A pooled mor-
tality rate of 26.5% (95% CI 23.4–29.8%) was observed in 
the severely injured (ISS ≥ 16) geriatric trauma patients. 
Compared with those with mild or moderate injury, the 
odds of mortality in severe and extremely severe injuries 
were 9.5 (95% CI 6.3–14.5) and 52.3 (95% CI 32.0–85.5), 
respectively. Low systolic blood pressure had a pooled 
odd of 2.16 (95% CI 1.59–2.94) for mortality [74].

A systematic review and meta-analysis conducted 
by Sammy et  al. in 2016 showed that trauma patients 
aged ≥ 75 had higher mortality rates than younger 
patients aged 65–74 years. Men had a significantly higher 
mortality rate than women (cumulative odds ratio 1.51, 
95% CI 1.37–1.66), and patients with pre-existing comor-
bidity reported a higher risk of death. In particular, two 
studies that were evaluated in the systematic review 
reported increased mortality in patients on warfarin 
(cumulative odds ratio 1.32, 95% CI 1.05– 1.66). Higher 
mortality was found in patients with lower Glasgow 
Coma Scores and systolic blood pressures. Mortality 
increased with increased injury severity and number of 
injuries sustained. Low level falls were associated with 
higher mortality than motor vehicle collisions (cumula-
tive odds ratio 2.88, 95% CI 1.26–6.60) [75].

Polypharmacy, defined as simultaneous co-adminis-
tration of more than five medications, is often found in 
elderly people [76]. Fifty percent of geriatric patients have 
hypertension, 30% have heart disease, and 10% have dia-
betes, dementia, stroke, chronic pulmonary obstructive 
pulmonary disease, arrhythmias, or endocrine dysfunc-
tion [17].

The comorbidity–polypharmacy score (CPS) is able to 
quantify the magnitude of comorbid conditions using the 
number of co-administered medications as a measure of 
the “intensity” of therapy required for associated comor-
bidities [77]. Several studies have shown a negative asso-
ciation between polypharmacy and trauma outcomes, 
noting that higher CPS was associated with greater mor-
tality, complications, longer hospital and intensive care 
unit stay, and need for discharge to a facility [77, 78].

Systolic blood pressure (SBP) and shock index (SI) are 
solid indicators of hemodynamic instability and the need 

for transfusion in the general trauma population [79, 80]. 
SI is also an accurate and specific predictor of morbid-
ity and mortality in geriatric trauma patients. In the large 
study by Pandit et  al. (217.190 geriatric trauma patients 
included), patients with SI greater than or equal to 1 
were more likely to require blood products. Moreover, 
an SI greater than or equal to 1 was associated with the 
need of an exploratory laparotomy and the occurrences 
of in-hospital complications. The overall mortality rate 
was 4.1%, with an SI ≥ 1 being the strongest predictor 
for mortality (odds ratio, 3.1; 95% CI 2.6–3.3). With this 
in mind, geriatric trauma patients with SI ≥ 1 should be 
transferred to a Level 1 trauma center [81].

However, several studies have shown that SBP and SI 
cutoff points vary depending on the cause of trauma, pre-
existing patient’s illness, age, hypertension, and medica-
tion such as beta- or calcium channel blockers [78, 82, 
83].

Park et  al. retrospectively analyzed 4.681 trauma 
patients referred to a Level 1 trauma center between 
2017 and 2018 with the aim to assess the utility and cut-
off points of SBP and SI for predicting massive transfu-
sion according to patients’ age and antihypertensives 
taking. There were 1.949 patients aged 65 years or older 
(41.6%), and 1.375 hypertensive patients (29.4%) in this 
study. Massive transfusion was given to 2.9% of patients, 
and 30-day mortality rate was 6.3%. In geriatric trauma 
patients taking antihypertensives, a prehospital SBP less 
than 110 mmHg was the cutoff value for predicting mas-
sive transfusion in multivariate analyses, whereas emer-
gency department SI greater than 1.0 was the cutoff value 
for predicting massive transfusion in patients who were 
older than 65 years and were not taking antihyperten-
sives [84].

Hemorrhage and hypoperfusion can be missed in 
this population because vital signs do not reflect shock 
response. Medication, such as beta-blockers and comor-
bidity including hepatic and renal impairment, previ-
ous or ongoing malignancy, and chronic steroid use, can 
further increase the mortality risk in geriatric trauma 
patients by up to five times [16]. Geriatric blunt trauma 
patients warrant increased vigilance despite normal 
vital signs on presentation. Triage set points of heart 
ratio 90 bpm should be considered in these patients, and 
lower threshold for trauma protocol activation is recom-
mended, because in cases of under-triage of geriatric 
trauma patients, discharge disability and mortality rate 
are increased up to four times greater than younger adult 
patients [72].

The classic definition for hypotension in adults (90 
mmHg) is linked to significantly greater mortality in the 
geriatric population [85].
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The U.S. National Trauma Triage Protocol (NTTP) 
developed by the American College of Surgeons’ Com-
mittee on Trauma and the Centers for Disease Control 
recognized that systolic blood pressure less than 110 
mmHg may represent shock in patients older than 65 
years [86]. Similarly, in a large retrospective cohort study 
on 902.852 trauma victims, Oyetunji et  al. showed that 
optimal emergency department systolic blood pressure 
cutoff values for hypotension were 85 mmHg for patients 
aged 18–35 years, 96 mmHg for patients aged 36–64 
years, and 117 mmHg for elderly patients [85].

Heffernan et al. performed a Level 1 trauma center ret-
rospective chart review of heart rate and blood pressure 
at presentation in 2.081 young (aged 17–35 years) and 
2.194 geriatric (aged 65 years or older) blunt trauma vic-
tims. They found that mortality increased considerably in 
the elderly patients for heart rates 90 bpm, whereas this 
association was not seen until hearth rate of 130 bpm 
in the young group. Moreover, mortality significantly 
increased with systolic blood pressure less than 110 
mmHg in the geriatric patients, but not until a systolic 
blood pressure of 95 mmHg in the young patients [47].

Brown et al. evaluated the impact of substituting a SBP 
of less than 110 mmHg for the commonly recognized SBP 
of less than 90 mmHg criterion within the context of the 
triage protocol on triage performance and mortality in 
geriatric trauma patients. The study included 1.555.944 
patients and demonstrated that a SBP < 110 mmHg had 
higher sensitivity but lower specificity in the geriatric 
cohort of patients (13 vs. 5%, 93 vs. 99%). The area under 
the curve was higher for SBP of less than 110 mmHg 
individually in both geriatric and adult cohorts. Within 
the NTTP, the area under the curve was similar for SBP 
of less than 110 mmHg and SBP of less than 90 mmHg 
in geriatric patients. Substituting SBP of less than 110 
mmHg resulted in an under-triage reduction of 4.4% with 
an increase of overtriage of 4.3% in the geriatric cohort. In 
summary, this study demonstrated that implementing the 
SBP of less than 110 mmHg criterion in geriatric trauma 
patients results in discrimination as good as the current 
SBP of less than 90 mmHg criterion, but with superior 
improvements in under-triage relative to over-triage [87].

The implementation of these recommendations results 
in more timely care for geriatric patients and leads to 
faster mobilization of important resources in the emer-
gency department.

Key Question 2.3
Which laboratory tests and biological markers are 

useful to evaluate the elderly trauma patient before 
resuscitation?

Statement 2.3.1
Occult hypoperfusion is often under-estimated in 

the geriatric trauma patient. A prompt assessment of 

base-deficit and lactates levels should be performed 
to identify those patients who need resuscitation and 
admission to an ICU. Elevated lactate and base deficit are 
definitely strong predictors of mortality within 24 h from 
hospital admission (QoE moderate).

Recommendation 2.3
We recommend performing an early blood gas (arterial 

or venous) for baseline base-deficit or a lactic acid assess-
ment in geriatric trauma patients [Strong Recommen-
dation, based on Moderate Quality of Evidence, 1B].

Summary of evidence and discussion
Decreased physiologic reserve results in relative intoler-
ance to hypoperfusion and increased risk of multiorgan 
failure and death in the geriatric trauma patient [88].

Comorbidity and polypharmacy may mask the hemo-
dynamic responses to hypovolemic shock. The Eastern 
Association for the Surgery of Trauma guidelines esti-
mated under-triage rates of nearly 50% among geriatric 
trauma patients [57], this trend being likely because of 
the presence of occult hypoperfusion, and injuries asso-
ciated with low-energy mechanisms of trauma. However, 
with a prompt recognition of the traumatic injuries, and 
aggressive resuscitation, up to 85% of geriatric trauma 
patients return to their pre-injury functional levels [89].

In hemodynamically stable elderly trauma patients, the 
identification and treatment of occult hypoperfusion are 
particularly challenging. Reliable triage tools for identify-
ing the at-risk geriatric trauma patient are critical, as pro-
longed occult hypoperfusion in these patients increases 
mortality from 12% to nearly 35% [88]. In the general 
trauma population, lactate and base deficit are reliable 
markers of blood perfusion and have been shown to be 
highly sensitive in the identification of high-risk trauma 
patients [90, 91].

Schulman et  al. evaluated the effects of prolonged 
occult hypoperfusion on mortality in 195 younger (mean 
56 years) and 69 elderly (mean 55 years) blunt trauma 
patients. This study found that elevated arterial lactate 
at admission and prolonged clearance times were prox-
ies for prolonged occult hypoperfusion and predicted 
increased ICU admission and overall mortality. Specifi-
cally, elderly trauma patients with admission arterial lac-
tate greater than 2.4 mmol/L had mortality rates of 34.6% 
compared with 11.6% for patients with normal lactate. By 
comparison, patients less than 55 years of age with ele-
vated lactate had mortality rates of 4.6% [88]. In the same 
line, compared with a hospital survival rate of 85% to 86% 
for elderly normotensive patients with normal blood base 
deficit or lactate concentration upon emergency depart-
ment arrival, the results of the study by Callaway et  al., 
indicated a significantly decreased hospital survival rate 
of 60% associated with blood base deficit of 6 mEq/L or 
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lactate concentration of 4 mmol/L upon hospital arrival. 
Mean lactate was significantly higher in non-survivors 
compared with survivors (2.8 mm/L ± 1.8 mm/L vs. 2.0 
mm/L ± 1.0 mm/L). Patients in the severely elevated lac-
tate group had 4.2 increased odds of death compared 
with the normal lactate group. Similarly, base deficit 
was more abnormal in non-survivors compared with 
survivors (2.3 mEq/L ± 5.2 mEq/L vs. 0.28 mEq/L ± 1.0 
mEq/L). Normal, moderate, and severe base deficit 
were associated with mortality rates of 14% (95% CI 
10.3–17.1%), 27% (95% CI 20.1–34.2%), and 40% (95% CI 
24.9–54.1%), respectively [50]. Patients with a lactate 2.5 
mmol or greater were 3.7 times more likely to die than 
those with a lactate less than 2.5 mmol (95% CI 1.6–8.2) 
in the study by Neville et al. The odds for mortality was 
5.2 (95% CI 2.5–11.2) in patients with a base deficit of − 4 
or less [92]. Early identification and treatment of occult 
hypoperfusion in geriatric patients with trauma using 
venous lactate-guided assessment and early trauma sur-
geon involvement is associated with significantly lower 
mortality [93].

Geriatric trauma patients have lower hemoglobin levels 
on admission, and persistently lower hemoglobin levels 
on discharge compared with younger trauma patients, 
despite they receive more blood transfusions [94], sug-
gesting that aging may have a negative impact on post-
injury anemia. Acute and subacute anemia is common 
among geriatric trauma patients, and they appear to 
respond less well to blood transfusion compared with 
young trauma patient. Moreover, as anticoagulant and 
antiplatelet medication use in trauma patients has been 
associated with increased risk of bleeding from minor 
injuries, elevated severity of injury, and increased mortal-
ity [6, 95].

In the study by Williams et  al., warfarin anticoagu-
lation was associated with increased mortality after 
trauma in the geriatric patient (mortality for patients 
with an INR > 1.5 was 22.6%, versus 8.2% for those with 
an INR < 1.5). The logistic regression gave an age and ISS 
adjusted odds of death of 30% for a one-unit increase in 
INR (OR 1.3, 95% CI 1.1–1.5). This correlates to an age 
and injury score adjusted odds of death of 2.5 for an 
INR > 1.5 (95% CI 1.2–4.2). As elderly patients are com-
monly anticoagulated, considering the increasing num-
ber of indications for and prevalence of anticoagulation, 
the low cost of an INR dosage and the potential reduc-
tion in costs associated with traumatic brain injury, the 
assessment of a coagulation profile in elderly trauma 
patients is recommended to identify earlier those in need 
of closer monitoring and a more aggressive reversal of 
their anticoagulation [96].

Major trauma is also associated with a higher incidence 
of sepsis and multiple organ dysfunction, as a result of 

tissue damage, hypotension, hypoxia, cytokine release, 
and inflammation. Early identification of elderly patients 
at risk of developing post-traumatic complications is 
important for outcomes.

Al Rawahi et al. reviewed 19 observational studies that 
showed a strong correlation between initial procalcitonin 
levels and ISS. Twelve studies demonstrated significant 
elevation of initial procalcitonin levels in patients who 
later developed sepsis after trauma. Procalcitonin level 
was a strong predictor of multiorgan failure in seven 
studies, making it a promising as a surrogate biomarker 
for trauma [97]. Initial peak PCT level may be used as an 
early predictor of sepsis, multiorgan failure, and mortal-
ity in trauma patients.

In assessing hemostasis and bleeding disorders, TEG 
may have a role in managing elderly trauma patients. In 
the prospective observational study by Williams et  al., 
the correlation between conventional coagulation tests 
(INR an PTT), platelet function analysis (PFA) and TEG 
values was examined. INR and PTT correlated positively 
with TEG Reaction-time. However, TEG had a higher 
specificity, although non-significant (86.1%) in identify-
ing hemorrhage progression compared with conventional 
coagulation tests (72.8%) and PFA (59.6%) [98, 99].

Key Question 2.4
Which imaging studies are useful to better evaluate 

trauma elderly patients?
Statement 2.4.1
Geriatric patients show injury patterns that differ con-

siderably from those seen in the younger population. 
They are prone to serious injuries after relatively minor 
trauma because of overall frailty, comorbidity, and medi-
cation effects. Early diagnosis and aggressive intervention 
can decrease mortality and enable geriatric patients to 
return to independent living (QoE B moderate).

Recommendation 2.4
We recommend a low threshold for initial imaging with 

CT scan in geriatric trauma patients. The diagnostic yield 
of a contrast-enhanced CT outweighs the risk of contrast-
induced nephropathy, especially in view of the potential, 
dramatic effects of under-triage [Strong Recommenda-
tion, based on Moderate Quality of Evidence, 1B].

Summary of evidence and discussion
CT is the primary imaging modality used in the setting of 
geriatric trauma [17, 72].

Intravenous contrast medium is used as part of CT 
standard protocols unless the patient reports docu-
mented evidence of a contrast allergy [100]. Although 
there is a higher prevalence of baseline renal impair-
ment in elderly patients, there is no evidence that age 
is an independent risk factor for contrast-enhanced 
nephropathy [101]. Reason for which, the diagnostic 
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yield of a contrast-enhanced study outweighs the risk of 
contrast-induced nephropathy, especially in view of the 
potential, dramatic effects of under-triage. In geriatric 
trauma patients with impaired renal function, it is impor-
tant to follow age-appropriate guidelines for contrast 
agent administration in cases of minor trauma. How-
ever, in the setting of major trauma, intravenous contrast 
agent can be administered in patients with severe renal 
insufficiency (GFR < 30 mg/mL) to help diagnose life-
threatening injuries at CT or before obtaining the serum 
creatinine concentration and estimating the GFR [72].

Head trauma in the geriatric patient carries a greater 
risk of intracranial injury irrespective of ISS, together 
with an increased mortality and morbidity (two-fold 
and four-fold, respectively) compared to the younger 
population. This is due to the increased risk of hemor-
rhage in all the intracranial compartments, but particu-
larly the subdural compartment [72, 102]. Even in cases 
of serious intracranial injury, geriatric patients are less 
likely to manifest neurologic signs of raised intracranial 
pressure because of brain atrophy. It is estimated that 
around 3% of geriatric trauma patients have intracra-
nial injury without clinical signs, history of loss of con-
sciousness, focal neurology, or change in GCS [103]. 
Therefore, consensus documents currently recommend 
performing head CT scan in all geriatric patients with 
head injury, included those who report minor trauma 
[72, 101]. There is greater probability that geriatric 
patients with head trauma will return to independent 
living if early detection and treatment of traumatic 
injuries did occur and if they are treated promptly [103, 
104]. Patients who are under anticoagulants, and those 
with hematologic conditions or liver disease are at 
increased risk for intracranial hemorrhage after trauma 
[105]. Aspirin and non-steroidal anti-inflammatory 
medication also cause coagulopathy. Prompt head CT 
of geriatric trauma patients who take anticoagula-
tion medication should be carried out, even in those 
with minor head trauma. If CT images are positive for 
intracranial injury, coagulopathy should be reversed as 
soon as possible because the risk from head injury gen-
erally outweighs the benefit of anticoagulation therapy. 
If CT images are negative for hemorrhage the patient’s 
coagulopathy does not require reversal, but the patient 
should be monitored closely within a protocol of 24-h 
of observation followed by repeat CT to identify occur-
rences of delayed bleeding [106]. The threshold for per-
forming follow-up CT should be low in these patients 
if there is any evidence of clinical deterioration. Proto-
cols suggest that all patients with traumatic intracranial 
hemorrhage who are treated conservatively undergo 
follow-up CT at 4–6 h, or earlier if there is clinical 
deterioration [72].

Poorer osseous mineralization, osteoporosis, and 
increased spinal rigidity put the elderly at a greater risk 
of having a spinal injury. Since 50% of geriatric cervi-
cal spine fractures are clinically unstable, and delayed 
diagnosis may result in secondary neurologic deteriora-
tion, prompt imaging is required. Geriatric patients are 
also more likely than younger patients to sustain mul-
tiple injuries. In these patients, the diagnostic value of 
radiographic assessment of cervical spine fracture is lim-
ited by reduced bone density and spondylotic changes. 
Therefore, injuries may be missed in up to 80% of elderly 
trauma patients at the radiographs [107–109].

Geriatric patients who sustain moderate to high-energy 
trauma, from both motor vehicle or fall from a height, 
and patients with focal neurologic signs, head injury, 
and associated injuries should be evaluated with cer-
vical spine CT. Those who require head CT for trauma 
evaluation should also have concurrent screening CT of 
the cervical spine, since patients with an apparently iso-
lated head injury have a 5% risk of additional spinal injury 
[109]. Screening CT of the cervical spine is also recom-
mended in geriatric patients older than 75 years who 
sustain minor trauma, because of the high incidence of 
injury at C2 in this age group [108]. In summary, there 
should be a low threshold for imaging with CT scan 
(eventually associated with MRI) in these patients, given 
the complications that may arise from a missed cervical 
spinal fracture and the risk of spinal cord injury without 
radiological evidence of trauma (SCIWORET).

Cervical trauma may be also associated with blunt cer-
ebrovascular injury. In patients with alarming clinical 
and radiological findings, including neurological deficits, 
GCS < 6, petrous bone fracture, foramen transverseria 
fracture, diffuse axonal injury, and a Le Fort II or III frac-
ture, CT angiography is helpful in detecting any cerebro-
vascular injury [101]. According to the Denver criteria, 
CT angiography is recommended to screen for blunt 
cerebrovascular injury in patients with cervical spine 
fractures from C1 to C3, and traumatic cervical spine 
subluxations [110].

Osteoporosis is a major risk factor also for vertebral 
compression fractures in the thoracolumbar spine in the 
elderly population. The most common site of injury is at 
the thoracolumbar junction (T12–L2), followed by the 
mid-thoracic spine. Diagnosis of thoracolumbar osteo-
porotic compression fractures can be difficult at radiog-
raphy as radiographs may not reveal an acute fracture 
line because of decreased bone mineral density [111]. 
If radiographs show loss of height in a vertebral body 
and the patient has focal pain, a CT scan should be per-
formed to determine if the collapse is acute or chronic. 
CT achieve better diagnostic assessment of vertebral 
body height reduction and spinal canal diameter in cases 
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of burst fractures with retropulsion. A CT scan of the 
whole spine is indicated in patients with major spinal 
trauma because 40% of injuries involve multiple, non-
contiguous segments [72].

Age > 65 years, together with number of rib fractures 
(the more ribs that are fractured, the worse the outcome) 
and the ISS, is a well-recognized prognostic factor asso-
ciated with morbidity and mortality in older adults with 
blunt chest trauma [112]. Similar to what happens for 
spine fractures, bone demineralitazion put the geriat-
ric population at a high risk of rib fractures from lower 
energy trauma and at worse outcomes than do younger 
adults [113]. Rib fractures are also a potential sentinel 
injury associated with more severe trauma, including 
cardiac and aortic, pneumothorax, pulmonary contusion 
and laceration, as well as liver and splenic trauma. Simi-
larly, clavicular and first rib fractures are sentinel injuries 
for severe thoracic and brain injuries and are associated 
with a higher mortality rate in the elderly [56, 72]. The 
radiologist can identify patients with rib injuries and flail 
chest segment that may benefit from open reduction and 
internal fixation, in order to enable patients to commence 
physiotherapy earlier, and decreasing the risk of second-
ary chest infections [114].

Chest radiographs fail to detect approximately 50% of 
rib fractures visible at CT [115].

Several studies have reported the low sensitivity of 
chest X-ray for traumatic pneumothorax and hemotho-
rax [116, 117]. The image quality may be also worst in 
geriatric trauma patients with lack of decubitus capabil-
ity, and when using portable devices. Failure to detect 
these injuries at radiographs is a clinically relevant issue, 
as three or more traumatic rib fractures in patients aged 
65 years or older, if associated with a history of chronic 
obstructive pulmonary disease or congestive heart fail-
ure, substantial pain, mental status changes, pulmonary 
contusion or laceration, hemothorax or pneumothorax, 
flail chest and abnormal oxygenation or ventilation man-
date ICU admission and observation.

The extended Focused Assessment with Sonography 
in Trauma (eFAST) exam is another accepted part of the 
trauma evaluation nowadays, and can be implemented to 
identify pneumothorax, pericardial effusions, and intra-
abdominal free fluid. Early detection of these findings 
can guide the prioritization of the performance of further 
diagnostic and therapeutic interventions. The systematic 
review and meta-analysis by Netherton et  al. suggested 
that the e-FAST is a useful tool for ruling in pneumotho-
rax, pericardial effusion, and intra-abdominal free fluid 
in the trauma setting. Pooled sensitivities and specifici-
ties were 69% and 99%, respectively, for the detection of 
pneumothorax (area under the curve 0.994), 91% and 
94% for pericardial effusion (area under the curve 0.975), 

and 74% and 98% (area under the curve 0.888) for intra-
abdominal free fluid [118]. Recently, a Cochrane review 
of 13 studies (410 traumatic pneumothorax patients out 
of 1.271 patients) compared the diagnostic accuracy of 
chest ultrasonography by frontline non-radiologist phy-
sicians versus chest X-ray for diagnosis of pneumotho-
rax in trauma patients in the emergency department. 
The summary sensitivity and specificity of chest ultra-
sound were 0.91 (95% CI 0.85–0.94) and 0.99 (95% CI 
0.97–1.00); and the summary sensitivity and specificity 
of supine chest X-ray were 0.47 (95% CI 0.31–0.63) and 
1.00 (95% CI 0.97–1.00). There was a significant differ-
ence in the sensitivity of chest ultrasonography compared 
to chest X-ray, with an absolute difference in sensitiv-
ity of 0.44 (95% CI 0.27–0.61), whereas the two imaging 
tools had similar specificities. These findings suggested 
that chest ultrasonography for the diagnosis of traumatic 
pneumothorax could be incorporated into trauma pro-
tocols and algorithms [119]. Similarly, another Cochrane 
review, published by Stengel et al. in 2018, demonstrated 
that, in patients with suspected blunt thoracoabdominal 
trauma, positive point-of-care ultrasound findings are 
helpful for guiding treatment decisions in chest injuries, 
whereas, with regard to abdominal trauma, a negative 
point-of-care ultrasound exam does not rule out inju-
ries and must be verified by CT scanning. The review 
included 34 studies with 8.635 participants. Summary 
estimates of sensitivity and specificity were 0.74 (95% 
CI 0.65–0.81) and 0.96 (95% CI 0.94–0.98). Pooled posi-
tive and negative likelihood ratios were estimated at 18.5 
(95% CI 10.8–40.5) and 0.27 (95% CI 0.19–0.37), respec-
tively. The reported accuracy of point-of-care ultra-
sonography in the adult population was 0.78 (95% CI 
0.69–0.84), and associated specificity was 0.97 (95% CI 
0.96–0.99). For abdominal trauma, ultrasonography had 
a sensitivity of 0.68 (95% CI 0.59–0.75) and a specificity 
of 0.95 (95% CI 0.92–0.97). For chest injuries, sensitivity 
and specificity were calculated at 0.96 (95% CI 0.88–0.99) 
and 0.99 (95% CI 0.97–1.00) [120]. Similarly, the system-
atic review and meta-analysis by Staub et  al. suggested 
that chest ultrasonography is an accurate tool for the 
diagnostic evaluation of traumatic pneumothorax and 
hemothorax in adults. Nineteen studies were included 
in the review, 17 assessing pneumothorax and 5 assess-
ing hemothorax. The reference standard was chest CT 
scanning alone, or in parallel with chest radiography and 
observation of the chest tube. The diagnostic accuracy of 
chest ultrasonography showed an area under the curve of 
0.979 for pneumothorax. The absence of lung sliding and 
comet-tail artifacts were the most reported sonographic 
sign of pneumothorax, with a sensitivity of 0.81 (95% CI 
0.71–0.88), and specificity of 0.98 (95% CI 0.97–0.99). An 
echo-poor or anechoic area in the pleural space was the 



Page 17 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18  

only sonographic sign for hemothorax, with a sensitiv-
ity of 0.60 (95% CI 0.31–0.86), specificity of 0.98 (95% CI 
0.94–0.99), and area under the curve of 0.953 [121].

Blunt abdominal trauma is uncommon in geriatric 
patients after a ground-level fall, unless the patient has 
a preexisting condition such as coagulopathy. However, 
when abdominal trauma does occur, this is related with 
a five-fold increase in the mortality rate when compared 
to younger patients [72]. As clinical diagnosis of abdomi-
nal injuries is more challenging in the elderly than in 
the younger population, it is important to have a lower 
threshold for CT to diagnose intra-abdominal injuries 
in geriatric patients [101]. This decreases the duration of 
hospital stay, ICU admission rates, mortality, and mor-
bidity even in cases of high ISS [122]. Moreover, Arru-
zza et  al. demonstrated that whole-body CT as part of 
the trauma primary survey, in comparison to other con-
ventional radiologic procedures, shortens time spent in 
the emergency department [123]. These findings have 
relevant implications, entailing faster diagnosis time for 
definitive treatment and lessening the impact of emer-
gency department overcrowding.

Approximately one in ten of admitted blunt trauma 
patients in trauma referral centers sustain pelvic frac-
tures [124]. Bleeding pelvic fractures are an immediate 
life-threatening injury, but early invasive monitoring, 
intervention with angiography, and prompt hemorrhage 
control are associated with improved survival [125, 126]. 
Contrast enhanced CT is the mainstay screening imaging 
for evidence of arterial bleeding in patients with pelvic 
fractures, and contrast extravasation is the most reliable 
predictor of the need for pelvic angiography and Trans-
Arterial Embolization (TAE), regardless of hemodynamic 
status [127].

Surgical decision making remains challenging due to 
difficulty of determining the bleeding source. TAE and 
external fixation are the most common treatment strat-
egies for hemorrhage associated with pelvic fractures, 
with early TAE aimed at establishing an effective means 
of reducing transfusion requirement, complications, and 
mortality from arterial hemorrhage [127, 128], whereas 
low pressure bleeding from the pelvic venous plexus or 
fractured bone ends is best controlled through splinting, 
reduction of pelvic volume, and tamponade using exter-
nal fixation [125, 129].

Resuscitation
Key Question 3.1

What early resuscitative protocol including intrave-
nous fluids, blood transfusions or vasopressors should 
be used to manage geriatric trauma patients at pri-
mary evaluation?

Statement 3.1.1
Available data do not recommend a specific early resus-

citative protocol over another in geriatric trauma man-
agement. (QoE D very low).

Statement 3.1.2
Resuscitative protocols for elderly trauma patients aim 

to early identification of tissue hypoperfusion, and rapid 
treatment of coagulopathy, hypovolemia, and traumatic 
injury to improve outcomes and decrease mortality (QoE 
B moderate).

Statement 3.1.3
In the elderly trauma patient, the resuscitative strat-

egy should be individualized and tailored according to 
clinical history, comorbidities, concomitant medications, 
clinical and laboratory findings, and treatment response. 
(QoE B moderate).

Statements 3.1.4
In elderly trauma patient, close monitoring and frequent 

repeated measurements of vital signs trend and gas analy-
sis are likely to be more useful than any individual meas-
urement to guide the resuscitative strategy (QoE C low).

Recommendation 3.1
We recommend that every trauma center provides 

meticulous triage criteria to recognize the need to early 
activate resuscitative protocols for elderly patients. 
These triaging criteria should include physical exami-
nation, vital signs, blood gas analysis, and medical his-
tory, emphasizing clinical conditions and drug history 
that may guide resuscitative therapies, early coagulative 
support, and the need to correct coagulopathies, and 
minimise fluids [Strong recommendation based on 
moderate quality of evidence 1B].

We recommend rapid recognition and correction of 
coagulation disorders related to trauma or chronic medi-
cation intake in elderly patients. [Strong recommenda-
tion based on moderate quality of evidence 1B].

We recommend performing serial base deficit assess-
ment and lactate levels as markers of occult hypoperfusion 
in addition to close monitoring of vital parameters trend 
(heart rate, blood pressure, respiratory rate, urinary out-
put), and mental status in elderly patients in a dedicated 
intensive geriatric care unit [Strong recommendation 
based on moderate-low level quality of evidence 1B].

We suggest considering carefully to administer ino-
tropic agents in selected non-responding elderly patients 
to target resuscitation [Weak recommendation based 
on low level of evidence 2C].

Summary of evidence and discussion
The reliability of vital signs assessment alone is not suf-
ficient to guide the management of geriatric patients after 



Page 18 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18 

trauma. Personalized evaluation of hemodynamic stabil-
ity is crucial to establish a tailored resuscitation [75, 130]. 
A retrospective study reported that mortality increases 
among older trauma patients when their heart rate rises 
above 90 beats per minute and systolic blood pressure 
falls below 110 mmHg, while the same increase in mor-
tality is not evident in younger patients until heart rates 
reach 130 beats per minute and systolic blood pressure 
falls below 95 mmHg [47].

Another study reported evidence of tissue hypoper-
fusion despite "normal" blood pressure in older adult 
trauma patients without isolated head injury [54]. 
Around one-third of elderly trauma patients show 
chronic signs of tissue hypoperfusion (measured by lac-
tates and base excess) with threshold systolic blood pres-
sure values adopted for other types of patients [95].

Physiological response to shock is different in geriatric 
patients, and standard alarm vital signs such as tachy-
cardia and hypotension with systolic blood pressure less 
than 80 mmHg can be absent. In fact more than 50% of 
the geriatric trauma patients has underlying hyperten-
sion, and more than 30% has heart disease treated with 
medications [131]. Moreover geriatric patients have 
altered cardiovascular physiology, with cardiac function 
declining by 50% between 20 and 80 years of age [6].

It is crucial to recognise the effect of medications and 
polypharmacy which are used to treat hypertension, dia-
betes, previous cerebrovascular events, chronic obstruc-
tive pulmonary disease (COPD), dementia, arrhythmias, 
endocrine disorders and chronic renal failure which may 
obscure vital sign parameters. Beta blockers and other 
antihypertensive medications, eventually associated with 
a pacemaker in place, can blunt the normal tachycardic 
compensatory response for improving cardiac output in 
class II hemorrhagic shock. Furthermore, tachycardia 
response could be reduced by the decreased sensitivity 
of aging myocardium to circulating catecholamines limit-
ing increasing cardiac output via stroke volume [6–17]. 
Because of these mechanisms, geriatric patients compen-
sate by increasing systemic vascular resistance, result-
ing in a deceptively acceptable blood pressure [6–79]. 
Geriatric patients are frequently treated with antico-
agulants and antiplatelet agents mainly because of car-
diovascular diseases and atrial fibrillation (FA); this puts 
geriatric trauma patients at risk of severe bleeding from 
apparently mild wounds or after ground-floor fall with 
missed head trauma leading to poor outcomes [6–104]. 
The administration of steroids prescribed for COPD in 
the elderly can reduce wound healing and lead to clinical 
adrenal insufficiency in critically ill patients. Steroid use 
can independently increase mortality up to fivefold in the 
geriatric trauma population [6–104]. Antipsychotics and 
antidopaminergic agents for Parkinson disease make the 

neurologic examination unreliable. Glaucoma treatment 
may alter the pupillary examination and consequently the 
GCS score [6–48].

This makes the assessment of injury severity and hemo-
dynamic instability in geriatric patients depending only 
on clinical evaluation so as to timely activate resuscitative 
protocols very challenging.

An aggressive triage with rapid trauma team activation, 
early recognition, and treatment of hypoperfusion and 
coagulopathy may improve outcomes [132, 133].

Bradburn et al. showed that adopting rapidly high-risk 
geriatric trauma protocols, including early consultation 
by a geriatrician, measuring lactates and arterial blood 
gases, and point-of-care ultrasound to assess occult 
peripheral hypoperfusion, can decrease mortality [132].

Given that vital signs may be unreliable to guide the 
assessment of hemodynamic status in a geriatric patient, 
it is important to look for different signs of shock in 
patients who are normotensive and do not have tachy-
cardia. Signs such as mild confusion, somnolence, or agi-
tation, mild tachypnea, delayed capillary refill, and low 
urine output may reflect tissue hypoperfusion and early 
shock [47–54].

The early management of hypotensive geriatric patients 
is comparable to that of adults and hypotension should 
be considered hypovolemic until proven otherwise. The 
early resuscitation includes restrictive volemic replace-
ment with balanced crystalloids. In case of failure to 
respond, it is indicated to start a volemic restoration with 
blood products to reduce the possibility of the onset of 
Trauma Induced Coagulopathy (TIC) aiming at replacing 
the whole blood [27, 28].

The prompt recognition of the need for massive trans-
fusion (MT) is essential in geriatric trauma patients with 
different thresholds for systolic blood pressure (SBP) 
(< 90, < 100 or < 110 mmHg) depending on the cause/
mechanism of trauma, comorbidities, age and polyphar-
macy [133].

The shock index (SI), which is the ratio of heart rate 
(HR) to SBP, was reported to be an accurate indicator of 
hemodynamic instability and the need for transfusion in 
trauma patients [133].

Risk factors to predict the need for MT in elderly 
patients are related to Focused Assessment for Sonogra-
phy results, unstable pelvic fracture, and long bone open 
fracture of the lower limbs, along with pre-injury antico-
agulants use, anti-platelet agent use, lactate levels, and 
shock index [133].

A retrospective study assessing the cutoff for SBP and 
SI for predicting MT in geriatric trauma patients tak-
ing antihypertensives, showed that a pre-hospital SBP 
less than 110 mmHg was the cutoff value for predicting 
MT and that packed red blood cell transfusion volume 
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decreased based on prehospital SBP of 110 mmHg. At the 
ED, SI greater than 1.0 was the cutoff value for predicting 
MT in patients who were older than 65 years and were 
not taking antihypertensives [84].

In practice, elderly patients have poor tolerance to 
multiple injuries due to weak resistance and body func-
tion decline. They are significantly more likely to receive 
a blood transfusion, specifically for red cells and plasma. 
However, such patients may suffer coagulation disorders 
due to the release of coagulation factors after blood trans-
fusion, which increases the risk of organ failure, the main 
cause of late death in trauma patients [134]. In those 
cases, the use of prothrombin complex concentrates 
(PCC), with or without fresh frozen plasma (FFP) to cor-
rect the initial coagulation disorder has been described. 
PCC is effective in normalizing prothrombin time, bleed-
ing time, peak thrombin generation and overall control of 
bleeding [135].

Mador et  al. retrospectively studied 142 elderly 
(aged > 65 yrs) trauma patients compared with young 
patients were more likely to be female (41% vs. 24%), suf-
fer blunt trauma (96% vs. 80%), have higher ISS scores 
(mean 25.4 vs. 21.6) and mortality (19% vs. 8%). They 
were significantly more likely to receive blood transfu-
sion (42% vs. 30%), specifically for red cells and plasma 
[136].

Simon et  al. [137] showed that liberalized transfu-
sions, that is a strategy where transfusions are allowed 
as soon as hemoglobin (Hb) is ≤ 10g/dL, with a target 
Hb of ≥ 10g/dL, in the elderly were better than restric-
tive policies, which provides transfusion when Hb is ≤ 8g/
dL, with a target Hb of 8–10 g/dL. Postoperative anemia 
is poorly tolerated by geriatric patients. The use of “old 
blood”, transfused more than 14 days after collection, 
versus “new blood”, transfused within 14 days from col-
lection, is better in geriatric patients due to the presence 
of storage changing such as enhanced clearance, plasma 
transferrin saturation, nitric oxide scavenging and immu-
nomodulation with potential harmful effects such as lung 
injury [138].

Early MT (10 packed red blood cells (PRBCs) 
units/24h) is the main treatment for patients present-
ing with severe multiple injuries associated with massive 
bleeding so as to improve the microcirculation, main-
tain blood volume, prevent hypotension-induced shock, 
replenish various coagulation factors and correct acute 
hypoxia [139].

Li et  al. [140] reported that MT protocol for elderly 
patients with multiple injuries can improve coagulation 
function and platelet parameters, alleviate organ dys-
function, shorten length of ICU stay, and decrease the 
incidence of complications.

Initial volemic restoration should be guided by stand-
ard laboratory tests and Point of care Viscoelastic test-
ing. Thromboelastography (TEG) monitors the dynamic 
changes of blood clot formation and lysis, and has been 
implemented in trauma to diagnose acute trauma coagu-
lopathy, to assess expeditiously the level of coagulation 
factors, the function of fibrinogen and platelet, and the 
presence or absence of hyperfibrinolysis. TEG may guide 
transfusion practices and help identify patients with 
platelet function abnormalities requiring reversal. Nev-
ertheless, there are concerns about values of reference 
according to age [141–144]. Scarpelini et al. reported that 
TEG values in healthy volunteers did not differ between 
the young and old, but most values were significantly 
different from those of the manufacturer having only 
81% specificity. Healthy women were significantly more 
hypercoagulable than men. Aging was not associated 
with hypercoagulability [141].

Roeloffzen et al. showed that baseline TEG values may 
vary with age, elderly patients were more hypercoagula-
ble [142].

Age-based differences in TEG has been also inves-
tigated in the peri-operative period among geriatric 
patients showing conflicting data about hypocoagulable 
and hypercoagulable status [143].

Mador et  al. showed that trauma induced coagulopa-
thy, as measured by TEG, was less commonly observed 
in the elderly. This suggests that altered coagulopathic 
response to traumatic injury is partially influenced by 
increased anticoagulant and antiplatelet medication use 
in the geriatric population [136].

In clinical practice, patients who had TEG analysis were 
more likely to receive platelet reversal agents, regard-
less of antiplatelet medication usage. Geriatrics seem to 
be less susceptible to alterations in TEG and therefore 
trauma-induced coagulopathy [143, 144]. In the lack of 
standardised TEG values of references and validation 
studies, the correction of TEG coagulopathy in geriatric 
trauma patients should be conducted carefully. In case 
of failure to respond to volemic restoration, initiation of 
vasopressor therapy can be considered until adequate 
perfusion is restored. In this setting, it is essential to con-
sider other possible causes of shock (neurogenic, septic, 
obstructive, cardiogenic) especially in patients with sus-
pected or apparent traumatic brain injury [27, 28]. An 
inotropic agent (dobutamine or epinephrine) may be 
considered in patients presenting with cardiac dysfunc-
tions [145].

Key Question 3.2
Which are the resuscitation endpoints in elderly 

trauma patients?
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Statement 3.2.1
In the elderly trauma patient, normotension and the 

absence of tachycardia and tachypnea do not.
Rule out tissue hypoperfusion. (QoE A-B 

strong-moderate).
Statement 3.2.2
There is no evidence that one type of invasive hemo-

dynamic monitoring is more efficient than another in 
elderly trauma management; the indication for hemody-
namic monitoring should be evaluated according to the 
patient’s clinical features and the team’s expertise. (QoE 
B-C moderate-low).

Statement 3.2.3
The adoption of Point-of-Care Ultrasound (POCUS) 

in the resuscitation of the elderly severely injured patient 
may be an effective tool in monitoring the hemodynamic 
status of the patient as it provides information on blood 
volume and cardiac function in a rapid, cost-effective 
manner, without the side effects of invasive monitoring 
systems. (QoE B-C moderate-low).

Recommendation 3.2
We recommend evaluating the indication for invasive 

versus non-invasive hemodynamic monitoring on a case-
by-case basis in injured elderly patients. Hypoperfusion 
should be ruled out by serial base deficit assessments and 
lactate concentration [Strong recommendation based 
on moderate-low level of evidence 1B].

We suggest the implementation of POCUS in moni-
toring the cardiac function and blood volume in elderly 
injured patient, if skills are present. Invasive hemody-
namic monitoring should be reserved in selected cases, 
to critically ill elderly trauma patients who have hypoten-
sion, significant injuries (as defined by an Abbreviated 
Injury Score > 3 or a Trauma Score < 15), or uncertain car-
diovascular and/or fluid status [Weak recommendation 
based on moderate and low level of evidence 2B].

Summary of evidence and discussion
Resuscitation must be started rapidly even in (apparently) 
stable elderly patients with close monitoring in the ICU. 
Renal function and urine output are usually considered 
as a marker of resuscitation. Nevertheless, renal function 
is decreased, in the elderly because of chronic decreased 
renal blood flow and declining renal mass. Creatinine 
clearance value needs to be adjusted to the elderly patient 
muscle mass which is reduced. Tachypnea could be 
absent because ventilatory mechanics of the elderly differ 
significantly from the younger patients. Elderly patients 
may have a normal respiratory rate although becoming 
progressively hypoxic and hypercarbic [146].

Invasive hemodynamic monitoring techniques were 
reported to be useful in high-risk selected geriatric 
trauma patients with occult hypoperfusion. A prospective 

randomized study on elderly patients with hip fractures 
showed that invasive monitoring with pulmonary artery 
catheters was associated with a significantly reduced 
mortality rate when compared with only a central venous 
pressure catheter [147].

Scalea et  al. [20] reported the significant difference in 
cardiac output and peripheral vascular resistance between 
elderly trauma survivors and nonsurvivors. In their study, 
pulmonary artery catheters were used to guide resusci-
tation to a cardiac index of 4 L/min per  m2 or an oxygen 
consumption of 170 mL /min per  m2. The authors noted 
that the limited compensatory mechanisms of elderly 
patients might lead to the missed diagnosis of a perfusion 
deficit due to a decreased cardiac output.

Laboratory data used to estimate the acidemia (base 
deficit and lactates level) caused by perfusion deficits 
may help identify high-risk patients who may benefit 
from invasive monitoring with pulmonary artery cath-
eters. Base deficit and lactates levels and their trend 
in time are an easily measurable surrogate of the mis-
match between oxygen delivery and oxygen consump-
tion, the consequent tissue hypoxia, and the increase of 
aerobic metabolism. Bar-Or et. showed that a resuscita-
tive protocol based on lactate measurement helps rec-
ognize occult hypoperfusion and reduce mortality [93]. 
Callaway et al. found an association between base defi-
cit, lactates, and mortality in a population of normo-
tensive elderly trauma patients [50]. The presence of an 
increased base deficit (≤ − 6 mEq/L) on arterial blood 
gas sampling is associated with an increased mortal-
ity [148]. An elevated serum lactate level is a marker of 
occult hypoperfusion and the rate of clearance directly 
correlates with mortality [149]. The presence of a lactic 
acidemia level of more than 22 mg/dL (> 2.4 mmol/L) 
for longer than 12 h is associated with an increased 
mortality in geriatric patients [88]. Prompt normali-
zation of the base deficit and serum lactate level are 
thought to be appropriate end-points in trauma resus-
citation [150]. Elderly patients should be resuscitated 
with fluid and supported with pressor medications, as 
needed, to maintain a cardiac index of at least 4 L /min 
per  m2 or an oxygen consumption of 170 mL /min per 
 m2. The use of pulmonary artery catheters in high risk 
patients presenting with hypotension, significant inju-
ries (as defined by an Abbreviated Injury Score > 3 or a 
Trauma Score < 15), or have uncertain cardiovascular 
and/or fluid status is a good tool to guide and monitor 
resuscitation [151, 152].

Point-of-Care Ultrasound (POCUS) can help evaluate 
cardiac function and volume status in unstable and trau-
matized patients [153].

Cleveland et  al. showed that the use of POCUS can 
guide to resuscitation in an elderly trauma patients 
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significantly reducing volumes of intravenous fluids and 
mechanical ventilation days [154].

Key Question 3.3
Which vasopressors are indicated in comorbid 

elderly injured patients?
Statement 3.3.1
The use of a vasopressors before volume replacement 

may be deleterious in all trauma patients (QoE A strong).
Statement 3.3.2
The use of vasopressors is indicated in trauma patients 

who do not respond to early fluids in the context of dam-
age control resuscitation and permissive hypotension 
(QoE B moderate).

Statement 3.3.3
In trauma patients not responders to early resuscitation 

with hypotension refractory to volume filling, and with 
hypotension of neurogenic and septic origin, the vaso-
pressor of choice is norepinephrine (QoE A strong).

Statement 3.3.4
In an elderly trauma patients, it is appropriate to 

consider the administration of an inotrope in case of 
non-response or in case of hypotension due to cardiac 
dysfunction (QoE C low).

Statement 3.3.5
Dobutamine may be helpful in selected elderly trauma 

patients presenting with shock-related to heart failure, 
bradycardia from cervicothoracic myelic injury, and car-
diac contusion (QoE B-C moderate-low).

Recommendation 3.3
We recommend against the routine use of vasopressors 

in elderly injured patients presenting with hypotension 
caused by hemorrhage [Strong recommendation based 
on high-moderate level of evidence 1A].

We recommend identifying the cause of hypoperfu-
sion and assessing preexisting conditions and pharmaco-
logic history before choosing a vasopressor in managing 
trauma in an elderly patient [Strong recommendation 
based on a high-low quality level of evidence 1A].

We suggest using norepinephrine in elderly patients 
suffering from neurogenic shock. The dose to be used 
must be the lowest to guarantee tissue perfusion. The 
possible onset of cardiac arrhythmia and possible hypo-
tensive effects should be monitored [Weak recom-
mendation based on a moderate-low quality level of 
evidence 2B].

Summary of evidence and discussion
The use of vasopressors in geriatric trauma patients is an 
ongoing debate. Vasopressors, such as norepinephrine 
and epinephrine, are commonly used in the manage-
ment of hypotension and shock in critically ill patients, 
including trauma patients. However, their use depends 
on the origin of hypoperfusion that can be hemorrhagic, 

obstructive, cardiogenic, neurogenic, or septic. Each 
cause requires a different treatment. Vasodilation is a 
common manifestation of the various forms of shock 
after traumatic injury. While initial vasoconstriction is 
an early characteristic of hemorrhage (i.e., sympatho-
excitatory phase), continued blood loss with subsequent 
hypotension may cause vasodilation. Vasodilatory shock 
is the most common form of shock and represents the 
final common pathway for severe shock from any cause. 
Handling of shock should be individualized based on 
underlying cause. Vasopressors are required only under 
specific conditions and under close monitoring [155]. 
The implementation of vasopressors in elderly trauma 
patients depends on factors such as comorbidities, frailty, 
and medication interactions. Some studies have sug-
gested that their use in elderly trauma patients may be 
associated with increased mortality [156–164]. The con-
cerns about vasopressor use in trauma patients include 
rapid increases in arterial blood pressure, increased car-
diac afterload, arrhythmias, and reduced tissue perfusion 
with subsequent organ dysfunction [157, 158].

A retrospective study enrolling 255 trauma patients 
who had emergency surgery and received vasopres-
sors during surgeryshowed that these patients were 
older, more severely injured, had worse vital signs, and 
increased mortality (all P < 0.001). Epinephrine was inde-
pendently associated with increased mortality (odds 
ratio, 6.88; P = 0.001) [156].

A prospective observational study showed that older 
patients had high plasma noradrenaline, attenuated 
adrenaline release with higher Injury Severity, impaired 
platelet and leukocyte mobilization, enhanced consump-
tion of anticoagulants, and hyperfibrinolysis compared to 
younger patients [157].

These biological status of the elderly could be cor-
related with the negative outcomes following the 
administration of vasopressors but this has to be more 
investigated. Moreover, the use of vasopressors in the 
resuscitation of massively transfused trauma patients 
might be considered a marker of inadequate resuscita-
tion [158]. The immediate management goals in hemor-
rhagic shock should be mechanical control of bleeding, 
treatment of trauma-induced coagulopathy, and restora-
tion of intravascular volume. If bleeding cannot be con-
trolled immediately, then the management goal should be 
to minimize further blood loss until hemorrhage control 
can be achieved [27, 28].

Uchida et  al. demonstrated in a retrospective single 
centre study that non-survivors trauma patients were 
administered significantly earlier vasopressors and signif-
icantly higher doses despite their similar characteristics 
and injury severity to those who survived. Max catecho-
lamine index was significantly higher in non-survivors (2 
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[0–4] vs 14 [10–18]; P = 0.008). Administered vasopres-
sors were terminated significantly earlier (12 [4–26] vs 
34 [10–74] hours; P = 0.026) in survivors. Total blood 
transfusion within 24 h after admission was significantly 
higher in survivors (8430 [5680–9320] vs 6540 [4550–
7880] mL; P = 0.03) [158].

Vasopressor administration and their high-dose use for 
resuscitation of traumatic hemorrhagic shock patients 
are associated with increased mortality. Early termi-
nation of vasopressors has to be considered in these 
patients although transfused volume of blood products 
may increase [158]

Singer et  al. investigated the relationship between the 
maximum dose of norepinephrine, timing of norepineph-
rine administration, and mortality in trauma patients.
Patients who died received an average maximum dose 
of 16.7 mcg/min compared to 9.1 mcg/min in survi-
vors (P = 0.0003). Mortality rate increased with dosage 
(P < 0.0001), with doses greater than 20 mcg/min hav-
ing 79% mortality. Those who received norepinephrine 
within the first 24 h had an inflection point in mortality 
at 16 mcg/min (Youden = 0.45) (OR 1.06; 95% CI 1.03–
1.10). For patients who received norepinephrine after the 
first 24 h, an inflection point in mortality was at 10 mcg/
min (Youden = 0.34) (OR 1.09; 95% CI 1.04–1.14) [159].

Cardinale et al. investigated the impact of norepineph-
rine dose during damage control resuscitation High 
doses of norepinephrine infusion were associated with 
deleterious effects as attested by a higher SOFA score 
at 24 h, and likely hypovolemia as measured by reduced 
non-blood resuscitation volume in trauma patients with 
hemorrhagic shock [160].

In contrast several studies showed that the early 
administration of vasopressors does not increase mortal-
ity [161, 162].

A retrospective, propensity score–matched cohort 
study reported no significant increase with in-hospital 
mortality in patients who received prehospital norepi-
nephine [163].

A retrospective study of 746 trauma patients requiring 
emergent operations observed no significant increase in 
mortality in patients who received vasopressors, exclu-
sive of epinephrine [156].

Two RCTs investigated the role of arginine vasopressin 
(AVP) in managing resuscitation and hypotension. AVP 
activates vascular smooth muscle V1  receptors inde-
pendent of α-adrenergic stimulation, mitigates vasople-
gia and increases venous capacitance which is observed 
in late-stage shock by inhibiting vascular adenosine 
triphosphate–sensitive potassium channels and by blunt-
ing nitric oxide–induced vasodilation [164, 165]. Cohn 
et  al. assessed the safety and efficacy of adding AVP to 
resuscitative fluid. The authors blindly randomised 78 

hypotensive patients with acute traumatic injury to fluid 
alone group (control) and fluids + vasopressin (experi-
mental). The experimental group required a significantly 
lower total volume of resuscitation fluid over 5 days than 
did the control group (P = 0.04). The mortality rate at 5 
days was 13% in the experimental group and 25% in the 
control group (P = 0.19) [164].

Sims et  al. investigated whether low-dose AVP sup-
plementation decreased the need for blood product 
transfusions in patients with traumatic hemorrhagic 
shock. Using low-dose AVP supplementation in 
patients presenting significantly decreased the need for 
blood products without increasing morbidity [165]. All 
these studies were carried out on general population, 
without distinction of age.

In general, fluid resuscitation is the first-line therapy 
to restore intravascular volume and to prevent cardiac 
arrest. At this point of time, before source bleeding con-
trol, the main endpoint is to maintain arterial pressure 
to the bare minimum to minimize dilution of coagula-
tion factors and complications of over  fluid resuscita-
tion, considering the severity of the hemorrhage. A 
target systolic arterial pressure of 80–90 mmHg is rec-
ommended until the control of hemorrhage in trauma 
patients without brain injury. Early  vasopressor  sup-
port may be required to restore arterial pressure and 
prevent excessive fluid resuscitation. It is crucial to find 
the best harmony between fluid resuscitation and vaso-
pressors, to consider hemodynamic monitoring and 
to establish trauma resuscitative protocols [166]. The 
administration of vasopressors to manage hypotension 
has to be decided in a case by case basis and carefully 
monitored by the trauma team.

Clinicians give vasopressors to avoid hypotension 
which can be exacerbated in hemorrhagic shock due 
to vasodilatation; however, excessive vasoconstriction 
and other effects associated with vasopressors—such 
as increased cardiac workload—could cause harm to 
critically ill patients.  Invasive pressure monitoring is 
indicated in all patients receiving continuous infusion 
of vasopressors. The choice of vasopressor depends on 
the preexisting condition of the patient and the patho-
physiology of each case of hypoperfusion. Invasive and 
non-invasive hemodynamic monitoring can aid the 
choice of vasopressor and its titration of an appropriate 
dosage [167, 168].

There is no specific literature on vasopressors in the 
elderly population. Based on the evidence on general 
polytrauma patients, the use of vasopressors can be rec-
ommended in patients who do not respond to volemic 
filling in the context of damage control resuscitation 
and permissive hypotension. The vasopressor of choice 
is norepinephrine, which can be used in patients with 
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hypotension refractory to volemic filling and patients 
with hypotension of neurogenic and septic origin. It is 
appropriate to consider the addition of an inotrope in 
case of nonresponse or in case of hypotension due to 
cardiac dysfunction. Focused resuscitative protocols 
tailored to geriatric trauma patients are lacking, and 
further prospective studies on this topic are needed.

Key Question 3.4
Vasopressors treatments versus permissive hypo-

tension in geriatric trauma patients: which are the 
clinical parameters and laboratory tests to consider 
for choice?

Statement 3.4.1
The administration of vasopressors versus permissive 

hypotension debate during the early resuscitative stage of 
elderly trauma patients remains unresolved. Management 
should be individualized according to the mechanism of 
trauma, the patient’s acute and chronic conditions, and 
frailty (QoE B-C moderate-low).

Recommendation 3.4
We recommend to carefully evaluate to implement per-

missive hypotension in managing selected elderly trauma 
patients. Tissue perfusion has to be constantly monitored 
by base excess level, arterial lactate dosage, urine output, 
and when possible, neurologic assessment. [Strong rec-
ommendation based on a high-low quality level of evi-
dence 1A].

Summary of evidence and discussion
The concept of “permissive hypotension” refers to man-
aging trauma patients by restricting the amount of fluid 
resuscitation administered while maintaining blood 
pressure lower than normal if there is still active bleed-
ing during the acute period of injury [145] Although this 
treatment approach may avoid the adverse effects of early 
and high-dose fluid resuscitation, it carries the potential 
risk of tissue hypoperfusion. It is included in the damage-
control resuscitation (DCR) protocol and provides opti-
mal fluid resuscitation and transfusion to patients with 
hemorrhagic shock secondary to severe trauma. The 
main DCR principles are: (1) permissive hypotension/
hypotensive resuscitation; (2) rapid and definitive/surgi-
cal control of bleeding; and (3) the prevention/treatment 
of hypothermia, acidosis, and hypocalcemia;

Its main endpoints are: (1) to minimize iatrogenic 
resuscitation injury; (2) to prevent worsening of initial 
traumatic shock; and (3) to obtain definitive hemostasis 
[169, 170].

For patients with major trauma, defined by an ISS ≥ 16, 
the American College of Surgeons’ Advanced Trauma 
Life Support (ATLS) guidelines currently advocate “bal-
anced” resuscitation with an initial 1–2 L of crystalloids 
before definitive/surgical control of bleeding [27]. The 

European guideline on management of major bleeding 
and coagulapathy following trauma [145] recommends 
a restricted fluid resuscitation to achieve specific target 
blood pressure using serum lactate and/or base defi-
cit measurements to estimate and monitor the extent of 
bleeding and shock.

Permissive hypotension and possible cut-offs in the 
traumatized elderly are highly debated, but there is no 
evidence to-date to definitive recommendations. A RCT 
demonstrated that permissive hypotension did not sig-
nificantly reduce 90-day mortality compared with usual 
care in critically ill patients aged ≥ 65 years who received 
vasopressors for vasodilatory hypotension, [171].

In elderly patients, blood pressure is not sufficient to 
estimate tissue perfusion. Accordingly, permissive hypo-
tension can be dangerous in this vulnerable category of 
patients [47, 50, 83–85]. Data suggest that 110 mmHg 
is the threshold value associated with increased mortal-
ity in geriatric blunt trauma patients [87]. Vasopressors 
which is administrated to increase blood pressure in the 
hypovolemic hemorrhagic untreated shocked patient 
may worsen tissue perfusion by causing vasoconstriction 
[75, 84–158, 172].

An association between early vasopressor use and poor 
outcome in trauma was reported [169, 170].

There are no definitive trials focused on elderly trauma 
patients that could answer if the administration of vaso-
pressors versus permissive hypotension have benefits in 
the early resuscitation [156]. Evidence focused on geriat-
ric trauma patients, according to mechanism of trauma, 
are lacking. Further studies are needed.

Key Question 3.5
How intraoperative hypotension status is correlated 

with delirium in geriatric patients?
Statement 3.5.1
There is evidence correlating the occurrence of postop-

erative delirium and perioperative hemodynamic changes 
(QoE C low).

Recommendation 3.5
We suggest assessing, as early as possible, the risk fac-

tors for the onset of delirium because it is related to unfa-
vourable outcomes in trauma geriatric patients. (Weak 
recommendation based on a moderate-low quality 
level of evidence 2B].

Summary of evidence and discussion
Delirium is an acute and often fluctuating disturbance 
in attention and awareness that is extremely common 
among hospitalized older adults, with an incidence of 
29–64% in general medical wards, 50% after high-risk 
surgical procedures, and up to 75% in patients receiving 
mechanical ventilation in the intensive care unit [173, 
174].
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It is associated with adverse outcomes, including 
increased risk of falls, functional decline, dementia, pro-
longed hospitalization, institutionalization, and death, 
at an annual cost of $38 billion to $152 billion in the US 
[175, 176]

Risk factors associated with delirium are advanced 
age, dementia, cognitive impairment, frailty, history 
of delirium or other central nervous system disor-
ders, cumulative comorbidities, alcohol use, depres-
sion, malnutrition, and functional, visual, or hearing 
impairment [177]. In a systematic review, a total of 
112 precipitating factors were identified including 
surgical factors, tachypnea, hypotension, fever or 
hypothermia, type and depth of anesthesia, infection, 
fand trauma [177].

Neerland and al [178] investigated the associations 
between perioperative hemodynamic changes, use of 
vasopressor drugs, risk of acute delirium and risk of long-
term dementia in patients presenting with hip fracture 
who had surgery. Risk factors for postoperative delirium 
were low body mass index, low level of functioning, 
severity of physical illness, and receipt of ≥ 2 blood trans-
fusions. Long-term dementia was associated with sever-
ity of physical illness, delirium, receipt of vasopressor 
drugs perioperatively, and high mean arterial pressure 
postoperatively.

Radinovic and al [179] investigated the impact of 
intraoperative blood pressure on onset of postoperative 
delirium and showed that a higher MAP had a protec-
tive effect on the occurrence of postoperative delirium in 
patients managed for hip fracture. This issue has not been 
comprehensively addressed in the trauma setting. Predic-
tive models developed in elective surgery settings do not 
directly report intraoperative hypotension among predic-
tors of postoperative delirium. Some variables, including 
age, anesthesia methods, Mini-Mental State Examination 
(MMSE) score, hypoxia during operation, company of 
family members, serum concentration of IL-6 above 9 ng/
ml, and major hemorrhage and other  related to hypo-
tension may be involved in the development of delirium 
[180–183].

Studies focused on the prevention, assessment and 
management of geriatric patients’ delirium are lacking in 
the trauma setting. Further studies are needed to prevent 
and manage delirium in this group of patients according 
to age and frailty.

Management of oral anticoagulants
Key Question 4.1

Which blood tests are useful to evaluate geriatric 
patients on anticoagulant drugs in trauma setting?

Statement 4.1.1
When assessing the risk of bleeding in the emergency 

setting, the type of anticoagulant ingested, time of inges-
tion, age, renal and hepatic function must be evaluated 
(QoE A high).

Statement 4.1.2
Prothrombin Time and INR are a reliable methods 

to assess clinically relevant exposure to oral vitamin K 
antagonists anticoagulants (QoE A high).

Statement 4.1.3
Due to the low sensitivity and specificity of the Pro-

thrombin Time (PT) and Activated Partial Thromboplas-
tin Time (aPTT) to direct oral anticoagulants (DOACs), 
they are not reliable to assess DOACs activity, especially 
apixaban and endoxaban [QoE A high].

Statement 4.1.4
A normal Thromboplastin Time (TT) suggests that 

there is no clinical relevant Dabigatran activity (QoE B 
moderate).

Statement 4.1.5
Although viscoelastic testing including TEG or 

ROTEM has been advocated to guide the identifica-
tion of trauma coagulopathy, it’s role in elderly patients 
on anticoagulant therapy is not established (QoE B-C 
moderate-low).

Statement 4.1.6
More reliable and faster qualitative and quantitative 

tests of coagulation such as calibrated drug-specific anti-
Xa levels should be strongly considered in the workup of 
geriatric trauma patients (QoE B-C moderate-low).

Statement 4.1.7
Anti-Xa assay is the gold standard for monitoring Low 

Molecular Weight Heparin (LMWH) therapy (QoE A 
high).

Statement 4.1.8
Quantitative assays, such as ecarin clotting time (ECT), 

dilute thrombin time (dTT), and anti-Xa inhibitor, which 
can accuracy determine DOACs plasma concentrations, 
are not readily available in all hospitals. They can be uti-
lized, if the results don’t require urgency, as second-line 
tests (QoE B-C moderate-low).

Recommendation 4.1
We recommend performing routinely the common 

coagulation assays in elderly patients including the Acti-
vated Partial Thromboplastin Time (aPTT), Thrombo-
plastin Time (TT), Prothrombin Time (PT), INR, and 
anti-Xa levels to assess early anticoagulants exposure 
in the trauma setting. There is not enough evidence to 
support the routinely use of TEG or ROTEM in elderly 
trauma patients. Further studies are necessary to deter-
mine their role. [Strong recommendation based on a 
moderate level quality of evidence 1B].
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Summary of evidence and discussion
Elderly trauma patients using anticoagulants drugs 
have been steadily increasing [184, 185]. Acute trauma 
coagulopathy and bleeding occur in 25–35% in trauma 
patients, 3% of whom are on anticoagulant therapy hav-
ing an increased risk of bleeding [186–188]. VKAs, 
by inhibiting the enzyme Vitamin K oxide reductase, 
reduce levels of factors II, VII, IX and X and the natu-
ral anticoagulants Proteins C and S. These drugs, due 
to its narrow therapeutic index, their potential of life-
threatening effects, and their numerous drugs and food 
interactions, requires frequent monitoring [189]. Moni-
toring VKAs is accomplished by measuring the pro-
thrombin time (PT). This assay responds to a reduction 
of 3 (FII, FVII, and FX) of the 4 vitamin K-dependent 
clotting factors. Although it is simple to perform, PT is 
limited by the variability of the different thromboplas-
tins reagents in their respone to the anticoagulant effect 
of VKA [190].The International normal ratio (INR) was 
established to standardise the PT assay. It is the ratio 
between the patient’s PT and the PT of normal plasma 
raised to potential of the international sensitivity index 
(ISI) of the thromboplastin [191]. PT-INR measure-
ments are an excellent assay for trauma patients using 
VKAs.

Heparin is a glycosaminoglycan containing a penta-
saccharide that binds to and enhances the activity of 
antithrombin III. This binding reduces thrombin genera-
tion via inihibiting coagulation factors (XIIa, IXa, XIa, 
and Xa) [192]. Heparins were classified into Unfraction-
ated Heparin (UFH) and Low molecular-weight heparin 
(LMWH). The most widely laboratory test which meas-
ures the anticoagulant in clinical practice is the Activated 
Partial Thromboplastin Time (aPTT) [193]. Despite this, 
there are several factors that can make aPTT monitoring 
troublesome and questionable. Its sensitivity depends on 
other variables like standardizing the reagents used, lack 
of correct synthesis of coagulation factors, consumption 
of coagulation factors in active bleeding or thrombosis, 
and liver or hematological disorders increasing baseline 
aPTT [194, 195]. UFH may also be monitored through 
anti-factor Xa (anti-Xa) activity. Anti-Xa is more efficient 
in achieving the therapeutic range of UFH compared 
with aPTT. Nevertheless, this does impact clinical out-
come [196, 197]. Compared with aPTT, it is more costly, 
has little clinical expertise in its interpretation, and is less 
available. Anti-Xa assay is the gold standard for monitor-
ing LMWH therapy [198].

Direct oral anticoagulants (DOACs) specifically 
inhibit thrombin or activated factor X (FXa) which 
affects commonly used global coagulation assays as 
well as select special coagulation tests [199–201]. Their 
safety profile, low risk of spontaneous bleeding and the 

predictable bioavailability lacking the need of regu-
lar monitoring tests, made them the preferred choice in 
anticoagulation therapy. Dabigatran is a direct throm-
bin inhibitor that competitively inhibits thrombin and 
thus prevents the conversion of fibrinogen to fibrin. Peak 
plasma concentration occurs 2–3 h after ingestion and it 
is eliminated predominantly by the kidneys. Therefore, 
impairment in renal function can extend the drug half-
life and predispose to higher bleeding risks compared to 
other DOACs [202].

Rivaroxaban is a direct, reversible inhibitor of activated 
factor X (FXa). It prevents the conversion of prothrom-
bin to thrombin, which thereby prevents fibrin forma-
tion [203]. Peak plasma concentration occurs after 2 h, 
its elimination is by the kidney, where the unmetabolized 
drug is excreted in the urine, and by the liver. Both kid-
ney and hepatic impairment increase plasma rivaroxaban 
levels [204].

Apixaban and Endoxaban, are direct, reversible inhibi-
tors of FXa, with a high affinity for FXa which inhibits 
free FXa, FXa in the prothrombinase complex, and FXa 
bound to platelets. Apixaban has a peak plasma concen-
tration at 3 to 4 h, and it is eliminated by the intestine and 
kidney. Endoxaban has a faster peak plasma concentra-
tion of 1–2 h [191, 205].

Hence, it is necessary to interpret the population age, 
gender, renal function, bioavailability and pharmacody-
namics-kinetics to understand the usefulness and inter-
pretation of the coagulation assays.

Common coagulation assays (CCA) such as PT and 
aPTT are readily available in all hospitals and have been 
used as first-line tests to supply a qualitative assessment. 
Dabigatran may prolong clotting assays such as aPTT. 
The concentration–response curve for prolongation 
of the aPTT is non-linear at its higher concentrations 
(≥ 200 ng/mL) [206–209]. Additionally, the results of this 
assay vary between reagents and their different sensitivi-
ties to dabigatran [207]. PT/INR are mildly elevated on 
dabigatran, but these tests are less sensitive than aPTT. 
For example, aPTT levels can be twofold that of normal 
levels at the peak concentration of dabigatran. However, 
after 12 h, aPTT levels can still be as high as 1.5 times 
that of normal levels and therefore it is difficult to corre-
late the timing of dabigatran use with aPTT levels [188]. 
A normal aPPT has limited value in the trauma bay, espe-
cially in out of the peak plasma drug concentration.

On the other hand, rivaroxaban prolongs PT in a dose-
dependent manner, but this quantitative effect varies 
based on different thromboplastins because of their dif-
fering sensitivities to rivaroxaban [208]. As international 
normalized ratio (INR) and the international sensitivity 
index (ISI) are based on VKA sensitivity. PT should not 
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be interpreted as INR in patients treated with DOACs. 
PT can be a helpful tool determining the presence of 
DOACs in the trauma setting [209]. Rivaroxaban also 
prolongs the aPTT, but this assay is less sensitive than the 
PT [209–212].

Despite lack of publications on apixaban and endoxa-
ban, the qualitative CCA demonstrated that most PT 
and aPTT reagents show only mild or modest sensitivity 
for the drug [213, 214]. Depending on the reagent used, 
PT may remain normal at therapeutic concentrations of 
apixaban [215]. CCAs are not recommended for estimat-
ing the relative anticoagulation intensity or plasma con-
centration of apixaban and endoxaban after therapeutic 
doses. In general, direct thrombin inhibitors (Dabigatran) 
tend to affect the aPTT more than the PT. In contrast, 
direct FXa inhibitors (Rivaroxaban, Apixaban and 
Endoxaban) impacts the PT more than the aPTT, nev-
ertheless, a normal aPTT and/or PT cannot rule out the 
DOAC effect [216].

An analysis of a prospective observational study across 
16 trauma centers [217] showed that admission INR val-
ues were mildly elevated among patients on dabigatran 
and rivaroxaban compared with apixaban, patients on 
dabigatran presented with slightly higher than normal 
aPTT values whereas those on rivaroxaban and apixaban 
did not.

Ali et  al. [209], in a Trauma Level 1 Center, evalu-
ated a cohort of 54 patients to determine the impact of 
pre-injury anticoagulation on CCA and TEG variables. 
CCA, identified a greater proportion of coagulopathy 
for patients on pre-injury anticoagulation therapy. This 
result demonstrated prolongation of the INR or aPTT, 
in 67% of the patients in anticoagulation therapy. aPTT 
values for patients exceeded the threshold for coagulopa-
thy in 100% of patients on dabigatran, PT-INR in 85% of 
VKAs patients, and 63% of patients on anti-Xa inhibitors.

Although quantitative assays, such as ecarin clotting 
time (ECT), dilute thrombin time (dTT), and anti-Xa 
inhibitor have accuracy in determining DOACs plasma 
concentrations, they are not readily available in all hos-
pitals. They can be utilized, if the results don’t require 
urgency, as second-line tests. These assays are complex, 
costly, not widely available and have a long turn-around 
time. In trauma patients its utility is clinically limited. 
Thrombin time (TT) is another useful tool for bleeding 
patients using dabigatran. This test is very sensitive and 
important. Its normal assay excludes the presence of rele-
vant dabigatran levels. Nevertheless, the assay is too sen-
sitive for quantification of above therapy levels [218, 219]. 
To address this, issue dilute TT was developed which 
appears to have a good linear correlation with the drug 
plasma level [202].

Another range of tests, such as ecarin clotting time 
(ECT), ecarin chromogenic assay (ECA) and anti-FXa 
activity can be usefull but they are limited to high com-
plexity laboratories. Furthermore, their longer turn-
around time inhibits their utilization in the emergency 
department [220–223].

Viscoelastic coagulation test, including the throm-
boelastograph (TEG) and rotational thromboelasto-
gram (ROTEM), allows rapid detection of coagulation 
disorders. This point of care assay reproduces informa-
tion on clot development, stabilization, and dissolution 
in short time. The assay is immediately accessible in 
trauma and perioperative settings [224]. They demon-
strated that R times and clot formation times (CFT) are 
correlated with dabigatran and rivaroxaban concentra-
tion. However, they perform better with peak samples, 
losing their sensitivity to detect residual drug activity 
in patients. In an experimental porcine model study, 
Grotke et al. [225] investigated the anticoagulant effects 
of dabigatran in combination with trauma-induced 
bleeding using ROTEM parameters. The authors 
observed prolongation of Clot Time (CT) and reduced 
clot strength which was increased by bleeding after 
trauma.

Van Ryn et al. [226] showed that viscoelastic coagula-
tion tests may be useful in the detection of coagulopathy 
associated with dabigatran and in monitoring the effects 
of reversal therapy. These tests are fast, feasible in trauma 
setting, and can allow prompt decision making. Dias et al. 
[227] after characterization in  vitro effects of DOACs, 
concluded that TEG can be used to guide reversal thera-
pies. Bliden et al. [228] evaluated patients on dabigatran, 
rivaroxaban and epixaban, and found that automated 
TEG6s has more than 92% sensitivity and 95% specific-
ity indicating that TEG can be an effective tool to identify 
the anticoagulant effects of DOAC facilitating the care 
of bleeding patients. Seyve et al. [229] compared plasma 
DOACs concentrations on 3 commonly ROTEM tests 
and demonstrated the DOAC dose-dependent increase 
in ROTEM CTs. CTs were poorly impacted by low levels 
of edoxaban, rivaroxaban or dabigatran. Apixaban had a 
low effect even at high concentrations. Drug concentra-
tion must be taken into consideration when interpreting 
the assay. Kobayashi et  al. [216] sought to determine if 
DOACs were associated with abnormal values on CCA 
or TEG. They did not show significant differences in 
TEG ability to detect clinically significant coagulopathy 
at admission nor significant impact of reversal therapy. 
The median values for R, alpha, and maximum ampli-
tude (MA) were within normal limits and did not differ 
significantly between DOACs. PT values correlated mod-
erately with the R value on TEG only among patients on 
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rivaroxaban. aPTT correlated with the R value on TEG 
strongly in patients on dabigatran and moderately in 
patients on rivaroxaban but did not correlate for patients 
on apixaban. Ali et  al. [209] found that TEG identi-
fied coagulopathy only in 50% of patients on dabigatran 
and 8% on VKAs and suggested that TEG should not be 
used to guide anticoagulation reversal decisions in acute 
trauma patients.

A urine dipstick is a point of care method that can 
screen dabigatran from anti-Xa DOACs. It may be useful 
in trauma settings due to rapid assessment. Its limitations 
include difficulties in reading pads due to urine color, the 
lack of correlation with plasma DOAC concentrations, 
and delay between drug ingestion and urine detection 
[230].

Key Question 4.2
Which reversal protocol is indicated in patients 

being treated with vitamin K antagonists?
Statement 4.2.1
Oral vitamin K antagonists reversal protocol is indi-

cated in elderly patients presenting with hemorrhagic 
shock not responding to supportive measures or need-
ing for an urgent surgery or invasive procedure (QoE A 
high).

Statement 4.2.2
Anticoagulated patients with oral vitamin K antago-

nists (VKAs) presenting with head trauma but without 
radiographic evidence of Intracranial hemorrage (ICH) 
or other bleedings should not receive preventive reversal 
(QoE B-C moderate-low).

Statement 4.2.3
If an emergency surgical exploration is indicated and it 

can be delayed for 6–12 h, in trauma elderly patient with 
a history of VKAs treatment, the INR can be corrected by 
administrating intravenous vitamin K, in selected cases 
(QoE A-B high-moderate).

Statement 4.2.4
For surgery that requires reversal of oral vitamin K 

antagonists, and which cannot be delayed for vitamin 
K to have time to take effect, the INR can be corrected 
by giving prothrombin complex concentrate (PCC) and 
intravenous vitamin K. PCC should not be used to enable 
elective or non-urgent surgery (QoE C low).

Statement 4.2.5
Oral vitamin K antagonists (VKAs) reversal agents 

should be managed according to INR level (QoE B 
moderate).

Statement 4.2.6
PCC, preferably intravenous (4F-PCCs), is strongly 

recommended for prompt oral vitamin K antagonists-
VKAs reversal. If those are not available Fresh Frozen 
Plasma (FFP), III factor Prothrombin Complex (3PCC), 
or recombinant FVIIa could be used (QoE B moderate).

Statement 4.2.7
Vitamin K administration alone is not recommended as 

a reversal agent in patients with life-threatening bleeding, 
but as an adjunct treatment in these patients (QoE A-B 
high-moderate).

Statement 4.2.8
The use of Recombinant activated factor VII (rFVIIa) 

as VKAs reversal agent increases the risk of thrombo-
embolic events, especially in elderly patients (QoE B 
moderate).

Recommandations 4.2
We recommend administrating a reversal agent in 

elderly trauma patients anticoagulated with oral vitamin 
K antagonists who present with bleeding, not responding 
to supportive measures, major life-threatening bleeding, 
bleeding located in critical organs (central nervous sys-
tem, abdominal, thoracic), or needing urgent surgical or 
invasive procedures [Strong recommendation based on 
a moderate level quality of evidence 1B].

We recommend using the reversal protocol including 
intravenous factor prothrombin complex concentrates 
(4F-PCCs) and 5 mg intravenous vitamin K in case of 
life-threatening bleeding and/or urgent surgical proce-
dures. Further doses should be administered if needed to 
achieve INR < 1.5 [Strong recommendation based on a 
high level quality of evidence 1A].

We recommend giving Fresh frozen plasma (FFP) as 
oral vitamin K antagonists (VKA) agent reversal only if 
no other treatment is available [Strong recommenda-
tion based on a moderate quality level of evidence 
1B].

We do not recommend the use of recombinant acti-
vated coagulation factor VII (rFVIIa) as first-line VKA 
reversal agent [Strong recommendation based on a low 
level of quality evidence 1C].

Summary of evidence and discussion
Underlying cardiac, respiratory, or renal dysfunctions 
associated with previous drugs administration, can sig-
nificantly alter the fluid management and product resus-
citation goals in a bleeding elderly trauma patient.

Warfarin is the most widely prescribed oral anticoagu-
lant for the prevention and treatment of thromboem-
bolism. The reported annual incidence of any bleeding 
is 25.8%, major bleeding ranges from 1.3 to 7.2%, while 
intracranial haemorrhage (ICH) is up to 2.5% [231]. In 
the largest study, after adjusting for covariates, warfarin 
use was associated with an odds ratio (95% confidence 
interval) of 1.32 (1.05–1.65) for trauma-related mortality 
[232, 233].

Collins et  al. evaluated a cohort of Medicare patients 
with head trauma and found that pre-injury warfarin 
increased the odds of intracranial hemorrhage by 40%, 
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and doubled the risk of mortality [234]. These data high-
light the importance of obtaining accurate medication 
histories, so anticoagulated patients could be identified, 
and reversal strategies considered. Based on the patient’s 
history and results from the primary survey and physical 
examination, radiographic studies should be performed 
to identify occult injuries that could also be complicated 
by the patient’s anticoagulation status. Generally, the risk 
of bleeding increases simultaneously with an increase 
in the international normalized ratio (INR). Therefore, 
appropriate laboratory testing should be done to estab-
lish the degree of coagulopathy on presentation. In an 
emergency setting, the strategy for oral anticoagulant 
reversal depends on the type of drug; the presence, loca-
tion, and level of bleeding; and the need for surgery.

The current treatment options for the reversal of war-
farin anticoagulation effect includes withholding warfa-
rin, administering vitamin K1 (phytomenadione), fresh 
frozen plasma (FFP), and prothrombin complex con-
centrate (PCC) [145]. FFP is prepared from whole blood 
and plasma apheresis donations and contains both pro-
coagulant and anticoagulant proteins. It is indicated for 
coagulation factor replacement in patients with multiple 
coagulation factor deficiencies including vitamin K–
dependent coagulation factor deficiency due to warfa-
rin therapy. Administration of FFP requires ABO blood 
group compatibility testing, thawing, and infusion. The 
adverse effects of FFP include allergic reactions, acute 
lung injury, transmitted diseases, circulatory overload 
and thromboembolic events [145]. Prothrombin complex 
concentrate (PCC) is a concentrated vitamin K–depend-
ent coagulation factor product (factors II, VII, IX, and X) 
derived from large donor pooled plasma that is stored 
as a lyophilized powder. PCCs are available as 3-factor 
[3F-PCCs] (factors II, IX, X) or 4-factor[4F-PCCs] (fac-
tors II, VII, IX, X) concentrates. Three-factor PCCs have 
small amounts of natural anticoagulants (protein C and 
S), but 4F-PCCs have concentrated amounts of protein C 
and S and small amounts of heparin.

Guidelines [235–238] suggest that patients with major 
or life-threatening VKA-associated bleeding that all anti-
coagulants must be discontinued, and reversal agents 
must be administered if available. Major bleeding as 
defined by the Control of Anticoagulation Subcommittee 
refers to either bleeding with hemodynamic compromise 
and/or bleeding in a critical anatomic site (intracranial, 
pericardial, intraspinal, intraocular, retroperitoneal, 
intra-articular, or intramuscular with compartment syn-
drome) and/or an acute drop in hemoglobin by more 
than 2 g/dL or the requirement of more than 2 units of 
blood, or massive transfusion [239]. This should not delay 
fluid and blood resuscitation and local measures to con-
trol the bleeding whilst ensuring normothermia, normal 

acid base status and ionized calcium. Ivascu et al. dem-
onstrated more than 75% decrease in mortality related to 
posttraumatic intracranial hemorrhage in elderly patients 
with Coumadin-related coagulopathy after implementa-
tion of a protocol to ensure rapid head computed tomog-
raphy, initiation of INR-correcting therapy within 1.9 h, 
and full correction of coagulopathy within 4 h of admis-
sion. The same authors suggested that reversal of INR 
is not necessary in the absence of intracranial bleeding 
[240, 241].

While reversal is important in the situations 
described above, the risk of subsequent thromboem-
bolic events due to reversal, ranging from 7.2–12% 
within 30 days from the event, should also be kept in 
mind [242, 243]. Thus the decision on when and how 
to restart anticoagulation following an episode of acute 
bleed is also important.

Although large-volume FFP was previously the stand-
ard of care for VKA reversal in this population, PCC 
has become the treatment of choice for VKA reversal 
in emergency setting. American [236], British [238] and 
European [237], French [244] clinical practice guidelines 
recommended PCCs over FFP for warfarin associated 
major bleeding or urgent procedure [245]. PCC offers 
several advantages over FFP such as fast reconstitution 
into a relatively smaller volume which can be infused 
over a shorter period (20–30  min), fast onset of action, 
no requirement for ABO compatibility, minimal risk of 
viral transmission due to pathogen reduction and inac-
tivation processes conducted during manufacturing, and 
reduced risk of other clinical adverse reactions such as 
transfusion associated circulatory overload or transfu-
sion-related acute lung injury [239, 246, 247]. Not need-
ing cross-matching, and the speed of correction make 
PCCs the ideal agents for correction of warfarin antico-
agulation in trauma patients. The risk involved in the use 
of PCCs is mainly allergic reactions, heparin- induced 
thrombocytopenia, and thromboembolic complications.

4F-PCC has been approved by the FDA for warfarin 
reversal since 2013 and has demonstrated efficient and 
effective reductions in INR with low thromboembolic 
events. However, the evidence on the efficacy and safety 
of reversal procedures is still based on clinical experi-
ence more than on sound evidence of net clinical benefit. 
RCTs are available for a subset of anticoagulated patients. 
Three randomized controlled trials comparing PCCs 
vs FFP were published in patients with life-threatening 
bleeding during VKA treatment [246, 248]. Overall, 
patients receiving 4-F PCCs achieved a more rapid INR 
normalization in case of ICH and urgent surgical inter-
ventions [247, 249].

A multicenter European prospective trial with 4-fac-
tor PCC showed an INR decline to 1.4 or less in 100% of 
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patients at 30 min post-transfusion [250]. PCC use is also 
associated with a reduction in requirement of pack red 
blood cell (6.6 vs. 10 units; P = 0.001) and decline in mor-
tality (23 vs. 28%; P = 0.04) [251, 252].

Sarode et  al. [248] showed a lower incidence of 
fluid overload or cardiac events in the 4-factor PCC 
group compared with plasma group (4.9% vs 12.8%). A 
Cochrane Review evaluated 4-factor PCC compared to 
administration of FFP in patients with VKA associated 
bleeding or indication for emergent procedures. The 
authors conclude that PCC can reverse VKA associated 
INR prolongation without further requiring FFP or other 
blood products [253].

Yanamadala et  al. reported a study of patients under-
going emergency reversal of VKA anticoagulation using 
either plasma (n = 28) or PCC (n = 5). The time to rever-
sal was significantly shorter in the PCC group (65 vs 256 
min; P < 0.05) and, consequently, surgery was performed 
sooner in the PCC group [254].

Similarly, a retrospective study about ICH in geriatric 
trauma patients, showed that PCC resulted in signifi-
cantly faster INR reversal versus plasma. The incidence of 
ICH progression was decreased with PCC compared to 
plasma (17.2% vs 44.2%; P = 0.031) [255].

Rapid reversal of coagulopathy in geriatric patients on 
warfarin is vital to limit the extent of ICH. Adopting such 
a protocol is associated not only with a more rapid rever-
sal and less FFP use, but also will prevent further intrac-
ranial hematoma expansion and facilitate rapid surgical 
evacuation [256, 257].

Quick et  al. [256] reported their preliminary experi-
ence with PCC for warfarin reversal of geriatric patients 
in rural trauma setting. Fifteen patients who were tak-
ing warfarin before injury, received PCC (15 to 30 IU/
kg) alone or in conjunction with FFP. Compared with 10 
patients who received FFP alone, they showed benefit 
in patients receiving PCC including lower volume infu-
sion (< 50mL vs 1 L), a trend towards fewer units of FFP 
administration, and a greater decrease in INR. Although 
significance was not reached, fewer units of PRBC trans-
fusion were required in the PCC group. This indicates a 
potential positive impact of PCC use in rural hospitals 
with limited financial resources and limited ready access 
to blood bank facilities.

Four-factor PCC is preferred over 3-factor PCC in view 
of the more successful INR reversal, with less adverse 
events [258].

Four-factor PCC is administered intravenously in a 
dose of 25–50 U/kg. There are algorithms available with 
which to calculate the most appropriate dose based on 
bodyweight and INR level. At present, the FDA approves 
a variable dosing protocol for administration of 4FPCC 
for warfarin-induced anticoagulation based on patient 

weight and presenting INR. A stepwise dosage is recom-
mended, e.g. 25 U/kg if INR is 2–4.0, 35 U/kg if INR is 
4–6.0 and 50 U/kg if INR is > 6.0 [257].

Safaoui et  al. [259] published a preliminary report 
using 3-factor PCC for 28 patients on warfarin that pre-
sented with traumatic brain injury. They received 2,000 
units of PCC pre-emptively following the protocol. Mean 
INR was significantly reduced (5.1 to 1.9, P = 0.008). The 
mean time to correction of INR was 13.5 min. Joseph 
et  al. [260] reviewed 45 coagulopathic trauma patients 
who received 3-factor PCC (Profilnine SD). INR was 
significantly reduced with PCC (2.6 ± 1.0 vs. 1.5 ± 0.2, 
P = 0.001) in the 25 patients with pre-injury warfarin use. 
The Australian Society of Thrombosis and Hemostasis 
(ASTH) 2013 guideline recommends using 3F-PCC with 
or without FFP. 3F-PCC reverses the INR level faster with 
or without a low dose of FFP or vitamin K1 [261].

However, studies on 3F-PCC are limited due to the pref-
erence for four-factor (4F-PCC) use in most countries. 
Current literature on the efficacy of 3F-PCC is incon-
sistent. In a prospective, multicenter, observational trial 
detailing 256 patients who received PCC, no thrombo-
embolic adverse events were documented after 4F-PCC 
administration. In contrast higher incidence of throm-
boembolic events has been reported in trauma patients 
with the use of three-factor PCC compared with four-fac-
tor PCC [262]. Therefore, in patients who have received 
PCC, thromboprophylaxis is prudent as early as possible 
after bleeding has been controlled. Cost-effectiveness is 
another positive impact related to the use of PCC. In a 
cost-effective analyses using the cost per life-year gained, 
Guest et al. [263] concluded that the use of PCC appeared 
to be more cost effective than FFP in VKA reversal after 
several types of hemorrhage. Reduction of potentially 
severe transfusion reactions and/or circulatory overload 
may counterbalance the higher cost of PCCs compared 
to FFP; in addition, FFP requires additional staff time to 
be prepared and administered. Treatment with FFP and 
vitamin K is recommended only if no other treatments 
are available. FFP should be administered at 10–20 mL/kg 
IV in combination with one dose of vitamin K 10 mg IV. 
Vitamin K alone is not recommended as a reversal agent 
in emergency setting because it could take from 4 to 24 h 
to normalize coagulation [264].

However, it is recommended as an adjunct treatment 
in these patients at the dosage of 5–10 mg administered 
intravenously. In cases of bleeding, vitamin K administra-
tion helps replete stores of clotting factors II, IV, IX, and 
X, thereby increasing the speed of reversal and reducing 
the INR over 4 h to 6 h for IV infusion and up to 24 h for 
oral administration. When emergent reversal is required, 
IV vitamin K should be given with PCC or FFP to prevent 
rebound because FFP’s half-life is 4 h to 6 h whereas the 
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half-life of PCC is dependent on the clotting factors pre-
sent, ranging from 4 h for factor VII to 60 h for factor II 
[265].

A rare and unpredictable but important side effect 
of intravenous vitamin K is an anaphylactic reaction, 
in some cases resulting in cardiac arrest, with an inci-
dence of 3 per 100,000 doses via a non-immunoglob-
ulin E (IgE) mechanism, possibly due to the solubiliser 
in the vitamin K solution [266]. “Overcorrection” of 
warfarin reversal with additional PCC and vitamin K1 
can lead to harm. More than 10 mg vitamin K1 can pre-
vent re-warfarinisation for days and over use of PCC 
(administration of further PCC when INR is in the nor-
mal range) may create a prothrombotic state, which 
could lead to further thrombosis [265].

Recombinant activated factor VII (rFVIIa) is a hemo-
static agent that increases thrombin generation by acti-
vating factor X at the site of vascular injury. It should 
not be used as a single agent to reversal because it is 
usually not capable of restoring hemostasis. Limited 
evidence exists regarding the use of rFVIIa for reversal 
of VKA-related hemorrhage. The actual recommenda-
tion is not to use rFVIIa for warfarin reversal unless no 
other option is available, or in case of failure with pre-
vious treatments. Data from a literature review show 
that the use of rFVIIa as a prothrombotic agent could 
result in an increased risk of thromboembolic events, 
especially in elderly patients and when used for off-
label indications such as the reversal of anticoagulant 
agents [267].

Key Question 4.3
Which reversal protocol is indicated in patients in 

treatment with direct oral anticoagulants (DOACs)?
Statement 4.3.1
In deciding if it is necessary to proceed with active 

reversal of direct oral anticoagulants (DOACs) in 
trauma setting, it is crucial to assess DOAC plasma 
concentration, in fact the administration of a rever-
sal agent is useful only when the anticoagulant drug is 
active in patient’s plasma in measurable quantities but 
only few centres have the DOAC mesurement available 
(QoE A-B high-moderate).

Statement 4.3.2
In general clinical practice, it is recommended to con-

sider anticoagulant DOAC reversal for patients with 
serious bleeding and a DOAC level > 50 ng/mL, and for 
patients requiring an invasive procedure with high bleed-
ing risk and a DOAC level > 30 ng/mL (QoE A high).

Statement 4.3.3
The main DOACs reversal agents are the idaruci-

zumab (Praxbind®) for reversal of dabigatran and the 
andexanet alfa for reversal of apixaban and rivaroxaban 
(QoE A high).

Statement 4.3.4
Andexanet alfa is not indicated for DOACs reversal 

in patients requiring urgent surgery (QoE C low).
Statement 4.3.5
If a DOAC-treated patients requires an invasive pro-

cedure, the active reversal is indicated only if the pro-
cedure cannot be safely performed while the patient is 
anticoagulated, cannot be delayed, and there is dem-
onstration or reasonable expectation that the patient 
has clinically relevant plasma DOAC levels (QoE B-C 
moderate-low).

Recommendation 4.3
We recommend an early assessment of laboratory coag-
ulation tests and direct measurements of DOAC lev-
els, if quantitative tests are available, in elderly trauma 
patients receiving or suspected of having received a 
DOAC before deciding for reversal due to the throm-
boembolic risk [Strong recommendation based on a 
moderate level quality of evidence 1B].

We suggest the administration of DOACS reversal 
agents only in critically ill patients with dosable plasma 
DOAC levels and presenting with hemorrhagic shock 
not responding to resuscitation, when level of DOACS 
can be assessed [Weak recommendation based on a 
moderate-low quality of evidence 2B].

If the trauma patient with uncontrolled life-threat-
ening bleeding, was treated with dabigatran (anti-FIIa 
activity), the suggested reversal protocol is to adminis-
ter idarucizumab 5 g IV. If idarucizumab is not avail-
able, 50 units/kg IV of activated prothrombin complex 
concentrates (APCC) may be administrated [Weak 
recommendation based on a moderate-low quality 
level of evidence 2B].

In patients with rivaroxaban-associated or apixaban-
associated (FX inhibitors) life-threatening and uncon-
trolled bleeding, the suggested reversal protocol is the 
administration of andexanet alfa as an intravenous 
bolus of 400 mg over 15 min followed by a continuous 
infusion of 480 mg over 2 h (low dose) or 800 mg over 
30  min followed by a continuous infusion of 960  mg 
over 2  h (high dose), according to the last dose of 
DOAC and the size of the dose. If andexanet alfa is not 
available, 2000 units of four-factor prothrombin com-
plex concentrates (PCC) may be administrated [Weak 
recommendation based on a moderate-low quality 
level of evidence 2B].

Summary of evidence and discussion
The direct oral anticoagulants (DOACs), including dabi-
gatran, which is direct thrombin inhibitors, and apixa-
ban, betrixaban, edoxaban, and rivaroxaban, which are 



Page 31 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18  

direct factor Xa inhibitors, have been approved by the 
United States Food and Drug Administration (US FDA) 
for prevention of stroke and systemic embolism in non-
valvular atrial fibrillation (AF), prevention and treat-
ment of venous thromboembolism (VTE), and secondary 
prevention of arterial ischemic events in patients with 
chronic coronary or peripheral artery disease [268–270].

AF affects an estimated 2.7–6.1 million people in the 
USA, and the incidence is expected to rise as the popu-
lation ages and life expectancies increase [271]. The 
prevalence of AF is higher in the elderly with about 9% 
of people aged > 65 years and 2% of those aged < 65 years 
[272].

The risk for major bleeding with DOACs in patients 
with AF versus VKAs was reported ranging 1.6–3.6 for 
DOACs versus 3.1–3.6 for VKAs [273] The risk of major 
bleeding with oral anticoagulants in patients with VTE is 
2% to 3% per year [274].

Major bleeds are defined those that result in death, 
are life-threatening, cause chronic sequelae or consume 
major health-care resources. The Control of Anticoagula-
tion Subcommittee [275] defines major bleeding in non-
surgical patients as: (1) fatal bleeding; (2) Symptomatic 
bleeding in a critical area or organ, such as intracranial, 
intraspinal, intraocular, retroperitoneal, intra-articular, 
pericardial, or intramuscular with compartment syn-
drome; (3) bleeding causing a fall in hemoglobin level of 
20 g L)1 (1.24 mmol L)1) or more, or leading to transfu-
sion of 2 or more units of whole blood or red cell.

In a 2015 meta-analysis [276] including 13 randomized 
trials, DOACs were associated with a 47% reduction in 
the risk of fatal bleeding (RR 0.53, 95% CI 0.43–0.64) 
compared with VKAs. The case-fatality rate was reported 
lower with DOACs than warfarin (10% vs 15%; RR 0.66, 
95% CI 0.49–0.89) [277]. Although the risk of major 
bleeding with DOACs compared with VKAs is decreased, 
patients taking DOACs may present with serious bleed-
ing because of trauma or need for an urgent unplanned 
procedure.

Two specific DOACs reversal agents have been 
approved by the US FDA: the idarucizumab for reversal 
of dabigatran and the andexanet alfa for reversal of apixa-
ban and rivaroxaban [278].

Idarucizumab (Praxbind®)is a humanized monoclo-
nal antibody fragment that binds irreversibly to free 
and thrombin-bound dabigatran within few minutes. It 
is administered as two consecutive rapid bolus doses of 
2.5 g intravenous, no more than 15 min apart [279].

The RE-VERSE AD (Reversal Effects of Idarucizumab 
on Active Dabigatran) study [280] was carried out to 
assess whether 5 g of intravenous idarucizumab could 
reverse the anticoagulant effect of dabigatran. Five-
hundred three patients with uncontrolled bleeding (301 

patients in the group A) or needing for urgent procedure 
(202 patients in the group B) were enrolled. The median 
maximum percentage reversal of dabigatran was 100% 
(95% CI, 100 to 100), on the basis of either the diluted 
thrombin time or the ecarin clotting time. In group 
A, 137 patients (45.5%) presented with gastrointesti-
nal bleeding and 98 (32.6%) presented with intracranial 
hemorrhage; among the patients who could be assessed, 
the median time to the cessation of bleeding was 2.5 
h. In group B, the median time to the initiation of the 
intended procedure was 1.6 h; peri-procedural hemosta-
sis was assessed as normal in 93.4% of the patients, mildly 
abnormal in 5.1%, and moderately abnormal in 1.5%. At 
90 days, thrombotic events had occurred in 6.3% of the 
patients in group A and in 7.4% in group B, and the mor-
tality rate was 18.8% and 18.9%, respectively.

Andexanet alpha (Andexxa®) is a modified human 
recombinant factor Xa decoy protein that lacks cata-
lytical activity. It is a specific urgent reversal agent for 
rivaroxaban and apixaban that binds with high affinity to 
direct Xa inhibitors and also indirect Factor Xa inhibi-
tors, such as low-molecular-weight heparin and fonda-
parinux [279].

The dosing of andexanet alfa depends on the DOAC 
and on the timing since last intake: for rivaroxaban (with 
the last intake > 7 h before reversal) or apixaban, a 400 mg 
bolus is administered followed by a 480  mg infusion 
(4  mg/min). For rivaroxaban (with the last intake < 7  h 
before reversal or unknown recent intake), edoxaban or 
enoxaparin, an 800 mg bolus followed by a 960 mg infu-
sion (8  mg/min) is given [https:// www. porto la. com/ wp- 
conte nt/ uploa ds/ Andex xa- presc ribing- infor mation- pdf. 
pdf.].

The ANNEXA-4 (Prospective, Open-Label Study of 
Andexanet Alfa in Patients Receiving a Factor Xa Inhibi-
tor Who Have Acute Major Bleeding) [281] study was 
carried out to evaluate the andexanet alfa reversal efficacy 
in patients presenting with major bleeding ≤ 18 h after 
taking an FXa inhibitors (apixaban, rivaroxaban, edoxa-
ban). Three-hundred fifty-two patients were enrolled and 
treated with andexanet alfa administered as an intrave-
nous bolus, followed by a 2-h infusion, according to the 
type of FXa inhibitor and timing of the last FXa inhibitor 
dose. At the end of the andexanet bolus, anti-FXa activ-
ity was reduced from baseline by 92% (95% CI 91–93) in 
apixaban-treated patients and by 92% (95% CI 88–94) 
in rivaroxaban-treated patients. This effect persisted for 
the duration of the infusion, followed by a subsequent 
increase in anti-FXa activity seen 4 h after discontinua-
tion. Of 254 patients, 82% had good/excellent hemostasis 
at 12 h (95% CI 77–87), with similar results for gastroin-
testinal (85%; 95% CI 76–94) and intracranial (80%; 95% 

https://www.portola.com/wp-content/uploads/Andexxa-prescribing-information-pdf.pdf
https://www.portola.com/wp-content/uploads/Andexxa-prescribing-information-pdf.pdf
https://www.portola.com/wp-content/uploads/Andexxa-prescribing-information-pdf.pdf
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CI 74–86) bleeding. Andexanet has not been studied in 
patients requiring urgent surgery and is not approved for 
this indication.

In patients suffering from an intracerebral haemor-
rhage, andexanet alfa reduced anti-FXa activity with a 
high rate of haemostatic efficacy and a beneficial out-
come [282].

PCC contain plasma-derived inactive vitamin K–
dependent coagulation factors, with 3-factor (factors II, 
IX, and X) and 4-factor (factors II, VII, IX, and X) for-
mulations available. Four-factor PCC may antagonize 
the anticoagulant effect of FXa and thrombin inhibitors. 
PCC increases prothrombin and factor X levels induc-
ing a compensatory pro-hemostatic effect with increased 
thrombin generation potential. The effect of PCCs on 
laboratory indices of DOAC anticoagulant effect has 
been studied in in vivo/ex vivo experiments, animal mod-
els, and human volunteers, showing conflicting and, at 
best, modest effects [283]

In a cohort study [284], 4-factor PCC (weight < 65 kg, 
1500 units; weight > 65 kg, 2000 units) was administered 
to 84 prospectively enrolled patients with major bleeding 
who were receiving apixaban or rivaroxaban. The median 
time from FXa inhibitor administration to PCC treat-
ment was 12 h. Hemostasis was classified as effective in 
69% of patients. In another cohort study, 4-factor PCC 
(fixed dose of 2000 units) was administered to 66 pro-
spectively enrolled patients with apixaban- or rivaroxa-
ban-related major bleeding [285]. The median time from 
last dose of FXa inhibitor to PCC administration was 17 
h (IQR, 12–21). Hemostasis was judged as good in 65%, 
moderate in 20%, and poor/none in 15% of patients. Pro-
pensity score-matched analysis showed that the adjusted 
30-day mortality rates were lower for patients treated 
with andexanet alfa than in matched patients receiving 
PCC [286]. A retrospective single center compared the 
safety and effectiveness of andexanet alfa versus four-fac-
tor PCC reversal in ICH. It showed no significant differ-
ences in good or excellent ICH hemostasis within 24-h, 
or new thrombotic events within 14-days between the 
two drugs [287].

In deciding if it is necessary to proceed with active 
reversal of DOACs in a trauma patient, it is important to 
dispose of DOAC plasma concentration. The administra-
tion of a reversal agent can be useful only when the anti-
coagulant drug is active in patient’s plasma in measurable 
quantities [288–291].

In 2015 the International Society on Thrombosis and 
Haemostasis recommends to consider anticoagulant 
reversal for patients with serious bleeding and a DOAC 
level > 50 ng/mL, and for patients requiring an invasive 
procedure with high bleeding risk and a DOAC level > 30 

ng/mL. In 2019 this recommendation was revised 
because of the lack of specific DOACS tests in several 
hospitals [289]. Because of their dependence on renal 
function for clearance, all DOACs have higher blood lev-
els and longer half lives in patients with renal dysfunc-
tion. Direct FXa inhibitors are partially metabolized by 
the liver. Patients with renal dysfunction may also pre-
sent with uremia-associated platelet dysfunction, and 
may benefit from administration of desmopressin ace-
tate or cryoprecipitate, and optimization of renal status 
with hemodialysis [288, 292–294]. Dabigatran is the only 
DOAC that can be removed by hemodialysis [289].

Early assessment of both laboratory coagulation tests 
and direct measurements of DOAC levels is crucial in 
trauma patients receiving or suspected of having received 
a DOAC. Quantitative assays for dabigatran include the 
dilute thrombin time, ecarin clotting time, and ecarin 
chromogenic assay. The preferred test for quantitation of 
apixaban, edoxaban, and rivaroxaban is a chromogenic 
anti-FXa assay calibrated with the drug of interest [290]. 
It they are not available or they can delay the manage-
ment of the bleeding patient, qualitative assays can be 
performed.

Dabigatran (direct thrombin inhibitor) tends to influ-
ence aPTT more than PT. A prolonged aPTT suggests 
the presence of on-therapy or above on-therapy levels of 
dabigatran; a normal aPTT does not exclude the presence 
of on-therapy levels. A normal TT excludes clinically rel-
evant dabigatran levels, but a prolonged TT does not dis-
criminate between clinically important and insignificant 
drug concentrations [289, 290].

In contrast, direct FXa inhibitors (Rivaroxaban, Apixa-
ban and Endoxaban) impacts the PT more than the aPTT, 
nevertheless, a normal aPTT and/or PT cannot rule out 
the DOAC effect [289, 290]

An (universal LMWH-calibrated) anti-Xa activity assay 
may determine rivaroxaban, apixaban and edoxaban con-
centrations and correctly predicts relevant drug concen-
trations [289, 290].

Viscoelastic coagulation tests may be helpful, in par-
ticular in patients with alterated liver function, since 
most DOACs prolong the clotting time (ROTEM or Clot-
Pro) progressively [232, 295].

When managing an elderly trauma patient treated with 
DOAC, if anti-FXa activity has been detected, andexanet 
alfa should be administrated as reversal agent; if it is not 
available or patients are on edoxaban, PCC (25–50 U/kg) 
treatment may be initiated. In case of anti-FIIa activity 
due to dabigatran, idarucizumab (5 g i.v.) should be initi-
ated. The co-administration of tranexamic acid (15 mg/kg 
or 1 g) is indicated in trauma patients independent of the 
present DOAC and reversal strategy [296, 297].
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Antibiotics, analgesia and anti‑thrombotic 
prophylaxis
Key Question 5.1

When is it indicated to administer antibiotics in 
elderly trauma patients?

Statement 5.1.1
Antibiotic prophylaxis including a single pre-operative 

narrowest spectrum antibiotic dose covering aerobic and 
anaerobic bacteria, is commonly administered after pen-
etrating abdominal trauma in all patients before surgical 
exploration (QoE C low).

Statement 5.1.2
If an exploratory laparoscopy/laparotomy is required, 

in case of peritoneal cavity contamination due to a per-
forated hollow viscus, antibiotics are administered out of 
prophylaxis and in high risk patients including immuno-
compromised patients or patients with American Society 
of Anesthesiologists (ASA) score > 3, or obesity (QoE B-C 
moderate-low).

Statement 5.1.3
If present, the level of peritoneal contamination and the 

presence of signs of sepsis and shock are the main factors 
to guide the administration and duration of an antimicro-
bial treatment in trauma patients (QoE C low).

Statement 5.1.4
There is no evidence confirming the benefit of a long 

course of antibiotic prophylaxis (> 24 h) compared to a 
short course (≤ 24 h) on abdominal surgical site infection, 
mortality, or intra-abdominal infection, in the absence 
of risk factors (obesity, immunosuppression, high ASA 
score) for post-operative septic complications (QoE B 
moderate).

Statement 5.1.5
The antibiotic of choice should be active against the 

common bacteria causing surgical site infections in peri-
tonitis, such as  Escherichia coli  or other  Enterobacteri-
ales or Clostridiales (QoE B moderate).

Statement 5.1.6
Antibiotic prophylaxis in patients with thoracostomy 

and penetrating thoracic trauma can prevent infectious 
complications and protect against empyema and pneu-
monia (QoE A high).

Statement 5.1.7
In blunt chest trauma, antibiotics showed no protective 

effect against empyema or pneumonia.
(QoE C low).
Statement 5.1.8
The use of antibiotic prophylaxis in blunt chest trauma 

when inserting a chest drain is required, and mostly in 
chest penetrating trauma to reduce the risk of empyema 
and pneumonia. (QoE A high).

Statement 5.1.9
The use of antibiotics for preventing infection in open 

limb fractures is recommended (QoE A high).
Statement 5.1.10
In soft tissue penetrating injuries, broad spectrum, empir-

ical, intravenous antibiotic therapy should be commenced 
once deep samples have been obtained, and then tailored 
once organisms and sensitivities are known. A short course, 
single agent regimens using cephalosporins in order to pre-
vent adverse outcomes in soft tissue injuries associated with 
bony injury (open fractures) is recommended. Hand frac-
tures do not require routine prophylaxis. (QoE B moderate).

Statement 5.1.11
A specific antibiotic or preferred dosing when employ-

ing local antibiotics in the management of fracture 
related infections cannot be recommended. (QoE C low).

Statement 5.1.12
The use of antibiotic prophylaxis as a protective factor for 

SSI after open reduction and internal fixation of ankle and 
closed extremity fractures is recommended (QoE A high).

Statement 5.1.13
In severely burned patients, the role of an adequate 

source control including the surgical removal of contami-
nated material and areas of necrosis and protection of the 
exposed lesion is crucial in decreasing infectious compli-
cations. Antibiotic prophylaxis could protect against sep-
tic complications in the high risk patients (QoE C low).

Recommendations 5.1
We recommend antibiotic prophylaxis in penetrating 

(abdominal, thoracic) trauma, in severely burned and in 
open fractures in elderly patients to decrease septic com-
plications [Strong recommendation based on a high-
moderate quality level of evidence 1A].

We recommend early empiric antibiotic therapy in 
patients presenting with signs of sepsis and septic shock 
and high risk patients (obesity, immunocompromised, 
high ASA score) in penetrating abdominal trauma, which 
should be active against common bacteria causing sur-
gical site infections in peritonitis, such as  Escherichia 
coli  or other  Enterobacteriales  or  Clostridiales [Strong 
recommendation based on a moderate quality level of 
evidence 1B].

We recommend against the administration of antibiot-
ics in blunt trauma in absence of signs of sepsis and septic 
shock [Strong recommendation based on a moderate-
low quality level of evidence 1B].

Summary of evidence and discussion
Current guidelines supporting the use of prophylactic 
antibiotics for penetrating abdominal trauma are mostly 
based on expert opinion and on trials with several bias. 
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There is currently no information from randomized con-
trolled trials to support or refute the use of antibiotics 
for patients with penetrating abdominal trauma, with-
out peritoneal contamination and peritonitis. No specific 
considerations can be deduced from literature for elderly 
patients. Similarly, to extend the duration of antibiotic 
prophylaxis for people undergoing laparotomy for pen-
etrating abdominal trauma beyond 24 h and the choice of 
certain drug regimens cannot be recommended based on 
strong evidence.

Abdominal penetrating and blunt trauma
In clinical practice, antibiotic prophylaxis is commonly 
administered, including a single pre-operative broad 
spectrum antibiotic dose, covering aerobic and anaer-
obic bacteria, and continuation (up to 24) in case of 
an exploratory laparotomy/laparoscopy, according to 
expert opinion recommandations. If a hollow viscus 
perforation is found, the antibiotics are continued [295, 
298, 299].

A Cochrane systematic review [300] was carried out 
with the aim to assess the benefits and harms of prophy-
lactic antibiotics administered for penetrating abdominal 
injuries to reduce the incidence of septic complications 
including septicemia, intra-abdominal abscesses and 
wound infections. No randomized controlled trials were 
found focusing on this issue.

In 2019, a systematic review was carried out to assess 
the effects of antibiotics in penetrating abdominal 
trauma, focusing on the type of agent administered and 
the duration of therapy [301]. Twenty nine RCTs, with 
a total of 4458 participants, showing a very low quality 
of evidence. There was no evidence confirming the ben-
efit of performing a long course of antibiotic prophylaxis 
(> 24 h) compared to a short course (≤ 24 h) on abdomi-
nal surgical site infection, mortality, or intra-abdominal 
infection. Fifteen studies, involving 2020 participants, 
were found comparing different drug regimens with 
activity against three classes of gastrointestinal flora 
(gram positive, gram negative, anaerobic), but no strong 
evidence was found on the benefit of one regimen over 
another [301].

Emergency laparotomy is correlated with high inci-
dence of SSI. The infection rate after trauma laparotomy 
ranges between 7.1 and 28.4% for superficial and deep 
SSI, and 7.9–25.2% for IAI [302, 303].

The implementation of a protocol for antimicrobial 
prophylaxis with the use of ertapenem for trauma lapa-
rotomy showed that SSI could be reduced in a single cen-
tre experience [304].

Antimicrobial prophylaxis is strongly suggested in 
clean contaminated and contaminated surgical proce-
dure associated with a high incidence of SSIs, in high 

risk patients including immunocompromised patients 
or patients with American Society of Anesthesiologists 
(ASA) score > 3 or obesity [305]. The antibiotic of choice 
should be active against the common bacteria causing 
SSIs in peritonitis, such as Escherichia coli or other Enter-
obacteriales or Clostridiales [305].

It is important to choose antibiotics with the narrow-
est spectrum of activity to avoid the selection of resistant 
bacteria [305]. The antibiotic should be administrated in 
the right dose according to weight and organ function at 
the right time to increase its concentration and effective-
ness [305].

If present, the level of peritoneal contamination and the 
presence of signs of sepsis and shock are the main factors 
to guide the administration and duration of an antimicro-
bial treatment in trauma patients. The antibiotic regimen 
has to be adapted rapidly to the microbiological results 
and revaluated according to biological and clinical fea-
tures [305].

There are no reported benefits in long term antibiotic 
treatment versus short duration in critically ill patients 
[306].

Thoracic blunt and penetrating trauma
Retained hemothorax is a risk factor for developing 
pneumonia and empyema [307] alongside with patho-
logical contact with the outside environment in penetrat-
ing trauma. Seventy percent to 90% of severe thoracic 
trauma patients may need tube thoracostomy [308]. Tube 
thoracostomy treats both pneumothorax and hemotho-
rax, evacuating the content of the thoracic cavity and 
reducing the incidence of subsequent empyema. Never-
theless, the post-traumatic empyema rate varies from 2 
to 25%, with  S. aureus being  responsible for 35–75% of 
subsequent infections [308]. Presumptive antibiotic use 
in thoracostomy has a clear role in preventing infectious 
complications in chest trauma patients. When strati-
fied by trauma type, antibiotic prophylaxis showed to be 
protective in penetrating injuries, against empyema and 
pneumonia. In blunt trauma, antibiotics showed no pro-
tective effect against empyema or pneumonia [309, 310].

Other studies [311, 312], showed that in patients with 
blunt or penetrating thoracic trauma requiring the inser-
tion of a chest drain, the administration of an antibiotic 
prophylaxis was associated with a reduced risk for post-
traumatic empyema and pneumonia.

Further studies are required to define the optimal type, 
dose, and duration of antibiotic administration in tho-
racic trauma patients and in the elderly.

Traumatic limb fractures
Fractures are common in geriatric population and SSI 
is a significant post-operative complication after open 
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reduction and internal fixation of traumatic fractures. A 
metanalysis was carried to evaluate the risk factors of SSI 
after open reduction and internal fixation of ankle fracture. 
It showed that BMI, ASA ≥ 3, diabetes, alcohol, open frac-
ture, subluxation/dislocation, incision cleanness grade 2–4, 
high-energy injury mechanism, chronic heart disease, his-
tory of allergy, and use of antibiotic prophylaxis were iden-
tified as risk factors for the development of SSI after open 
reduction and internal fixation of ankle fracture [313].

A randomized double-blinded placebo-controlled trial 
showed that there is no statistically significant differ-
ence between patients who received prophylactic post-
operative cefazolin for 23 h versus placebo although it 
decreased the risk of SSI after open reduction and inter-
nal fixation of closed extremity fractures. Patients with 
diabetes mellitus are more likely to develop SSI [314].

There is evidence supporting the use of antibiotic proph-
ylaxis in the management of open fractures [315]. Short 
course, single agent regimens using cephalosporins in 
order to prevent adverse outcomes in open fractures is the 
recommended approach. However, there is no conclusive 
evidence supporting prophylactic antimicrobial use in the 
management of small soft tissue upper extremity trauma 
and simple lacerations. The updated Surgical Infection 
Society guidelines recommend against administration of 
extended-spectrum antibiotic coverage compared with 
gram-positive coverage alone to decrease infections com-
plications, hospital length of stay or mortality in type I 
or II open extremity fractures. In type III open extrem-
ity fractures, it is recommend to administer an antibiotic 
therapy for no more than 24 h after injury, in the absence 
of clinical signs of active infection, to decrease infectious 
complications, hospital length of stay or mortality. SIS rec-
ommends against extended antimicrobial coverage beyond 
gram-positive organisms to decrease infectious complica-
tions, hospital length of stay or mortality. In type III open 
extremity fractures with associated bone loss, it is recom-
mended to administer antibiotic therapy in addition to sys-
temic therapy to decrease infectious complications [316].

There is promising literature on the beneficial effects 
of the use of local antibiotics, e.g. by antibiotic beads in 
managing traumatic fractures. Coating of internal fixa-
tion devices is a modern approach to improve infection 
prophylaxis and gentamicin-coated implants have been 
demonstrated to be safe in clinical application [317, 318].

Burn patients
Infections among burn patients are common and are 
associated with high mortality rate.  In a series of 175 
patients with severe burns, infections preceded multior-
gan dysfunction in 83% of patients and were considered 
as the direct cause of death in 36% of patients [319].

Systemic antibiotic prophylaxis administered in burn 
patients in the first 4–14 days significantly reduced all 
cause mortality by nearly a half; limited perioperative 
prophylaxis reduced wound infections but not mortality. 
Topical antibiotic prophylaxis applied to burn wounds 
had no beneficial effects [320].

Barajas-Nava [321] reviewed 36 RCTs (2117 par-
ticipants); twenty-six (72%) evaluated topical antibiot-
ics, seven evaluated systemic antibiotics (four of these 
administered the antibiotic perioperatively and three 
administered upon hospital admission or during rou-
tine treatment), two evaluated prophylaxis with non 
absorbable antibiotics, and one evaluated local antibiot-
ics administered via the airway. There was a statistically 
significant increase in burn wound infection associated 
with silver sulfadiazine compared with dressings/skin 
substitute (OR = 1.87; 95% CI: 1.09 to 3.19, I(2) = 0%), 
with significantly longer length of hospital stay com-
pared with dressings/skin substitute (MD = 2.11 days; 
95% CI: 1.93 to 2.28). Systemic antibiotic prophylaxis 
was evaluated in three trials (119 participants) and 
there was no evidence of an effect on rates of burn 
wound infection. Systemic antibiotics (trimethoprim-
sulfamethoxazole) were associated with a significant 
reduction in pneumonia (only one trial, 40 partici-
pants) (RR = 0.18; 95% CI: 0.05 to 0.72) but not sepsis 
(two trials 59 participants) (RR = 0.43; 95% CI: 0.12 to 
1.61). Perioperative systemic antibiotic prophylaxis had 
no effect on any of the outcomes of this review. There 
was a statistically significant increase in rates of MRSA 
associated with use of non-absorbable antibiotics for 
selective decontamination of the digestive tract with 
non-absorbable antibiotics  plus cefotaxime compared 
with placebo (RR = 2.22; 95% CI 1.21 to 4.07).

The role of an adequate source control including sur-
gical removal of contaminated material and areas of 
necrosis and protection of the exposed lesion is crucial 
in decreasing the infective risk. Antibiotic prophylaxis 
could protect the high risk patients from infectious 
complications [305].

Key Question 5.2
How to control pain in elderly patients admitted 

for trauma?
Statement 5.2.1
Pain assessment is crucial in obtaining an effec-

tive pain control in elderly trauma patients (QoE B-C 
moderate-low).

Statement 5.2.2
Opioids administration should be avoided in elderly 

patients in the trauma setting to reduce side effects 
(QoE B-C moderate-low).
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Statement 5.2.3
Multimodal analgesic approach or “balanced analge-

sia” including regional and peripheral nerve blocks and 
neuroaxial analgesia should be implemented in elderly 
patients pain control, in the trauma setting (QoE B 
moderate).

Statement 5.2.4
Regular intravenous administration of acetami-

nophen is effective and safe in elderly trauma patients 
(QoE B-C moderate-low).

Statement 5.2.5
Opioids administration for post-traumatic pain in 

elderly patient should consider a progressive dose 
reduction because of high risk of morphine accumula-
tion and subsequent over-sedation, respiratory depres-
sion and delirium (QoE A high).

Statement 5.2.6
Non-pharmacological approaches play an important 

role in improving trauma pain, including immobilizing 
limbs and applying dressings or ice packs in conjunction 
with drug therapy (QoE C low).

Recommendations 5.2
We recommend a regular administration of intrave-

nous acetaminophen every 6 h as first line treatment 
in managing acute trauma pain in the elderly in a mul-
timodal analgesic approach [Strong recommendation 
based on high quality level of evidence 1A].

We suggest considering to add NSAIDs in elderly 
patients presenting with severe pain, taking into account 
potential adverse events and pharmacological interac-
tions [Weak recommendation based on a moderate 
quality level of evidence 2B].

We recommend the implementation of Multi-Modal-
Analgesia approach (MMA) in trauma setting for elderly 
injured patients including acetaminophen, gabapenti-
noids, NSAIDs, lidocaine patches, and tramadol and opi-
oids only for breakthrough pain for the shortest period 
of administration at the lowest effective dose [Strong 
recommendation based on a moderate quality level of 
evidence 1B].

We recommend peripheral nerve blocks placement in 
elderly patients with acute hip fractures at the time of 
presentation to reduce preoperative and postoperative 
opioid use for analgesia [Strong recommendation based 
on a high quality level of evidence 1A].

We suggest the adoption of epidural analgesia and 
regional anaesthesia to control severe pain in acute hip 
fractures in selected elderly patients [Weak recommenda-
tion based on a moderate quality level of evidence 2B].

In elderly patients with ribs fractures, we recommend 
the association of systemic analgesic treatment with tho-
racic epidural and paravertebral blocks to offer an ade-
quate pain control with limited contraindications and 

improvement in respiratory function, reducing opioid 
consumption, infections and delirium, if skills are avail-
able [Strong recommendation based on a high quality 
level of evidence 1A].

We recommend to routinely consider the use of epi-
dural or spinal analgesia for management of postopera-
tive pain in elderly patients who undergo major thoracic 
and abdominal procedures for trauma, if skills are avail-
able [Strong recommendation based on a high-quality 
level of evidence 1A].

We recommend carefully evaluating the use of neurax-
ial and plexus blocks for patients receiving anticoagulants 
to avoid bleeding and complications [Strong recommen-
dation based on a high-quality level of evidence 1A].

We suggest the implementation of non-pharmacolog-
ical measures such as immobilizing limbs and applying 
dressings or ice packs in conjunction with drug therapy, 
in control acute pain in elderly patients in the trauma set-
ting [Weak recommendation based on a very low level 
of evidence 2D].

Summary of evidence and discussion
The treatment of pain in the elderly can be challenging 
particularly in patients with underlying cognitive impair-
ment, who are less able to communicate. Patients with 
cognitive impairment would receive less pain medication, 
have poorer mobility, poorer quality of life and higher 
mortality than patients with intact cognition. Under-
treated pain and inadequate analgesia increase stress and 
are risk factors for agitation, aggression, wandering, delay 
in mobilization, development of chronic pain, refusal of 
care and delirium in elderly patients [177, 322, 323].

The key steps in managing pain in trauma patients are 
the assessment of pain and the regularly evaluation of 
pain relief [322, 323].

Several studies demonstrated that the assessment and 
delivery of pain-relieving medication is suboptimal for 
geriatric trauma patients.

It was reported that 42% of patients over the age of 70 
years old didn’t receive adequate analgesia, even when 
patients reported moderate to high level of pain after 
closed-isolated extremity and clavicular fractures [324].

One in three older adults presenting to the ED with non-
operative fragility pelvic fractures receive no analgesia dur-
ing the course of their prehospital and ED care [325].

A study evaluating the impact of age on pain percep-
tion in the ED, found that older adults experience the 
same level of pain as their younger counterparts from 
dislocations and fractures [326].

Pain assessment based on the patient’s self-report is the 
most accurate and reliable evidence of the existence of 
pain and its intensity for patients of all ages, regardless of 
communication or cognitive deficits [327].



Page 37 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18  

For that, a variety of tools [328–330] were developed to 
quantify pain intensity, such as the numeric rating scale 
(NRS), rating pain from 0 to 1; the verbal descriptor scale 
(VDS), including series of phrases which descried dif-
ferent levels of pain intensity (e.g., “no pain,” “mild pain,” 
“moderate pain,” “severe pain,” “extreme pain,” and “the 
most intense pain imaginable”) and the faces pain scale 
(FPS), providing series of progressively distressed facial 
expressions to be choosen by the patient according to the 
severity or intensity of his/her current pain; and the vis-
ual analogue scale (VAS), consisting of a 10-cm line, with 
the left-hand side labeled “no pain” and the right-hand 
side labeled “most intense pain imaginable” (or similar 
descriptor).

The appropriate pain measurement scale should be 
selected according to individual’s ability to read, hear, and 
understand how to complete the tool.

In non-communicative older adults with cognitive 
impairment and dementia, the pain assessment can rely 
on observational and surrogate (family, certified nursing 
assistants) reports. Six main types of pain behaviors and 
indicators were described [331] including:

• Facial expressions as slight frown, sad, frightened 
face, grimacing, wrinkled forehead, closed or tight-
ened eyes, any distorted expression, rapid blinking;

• Verbalizations, vocalizations as sighing, moan-
ing, groaning, grunting, chanting, calling out, noisy 
breathing, asking for help;

• Body movements such as rigid, tense body pos-
ture, guarding, fidgeting increased pacing, rocking, 
restricted movement, gait, or mobility changes;

• Changes in interpersonal interactions such as aggres-
sive, combative, resisting care, decreased social 
interactions, socially inappropriate, disruptive, with-
drawn, verbally abusive

• Changes in activity patterns or routines such as 
refusing food, appetite change, increase in rest peri-
ods or sleep, changes in rest pattern, sudden cessa-
tion of common routines, increased wandering.

• Mental status changes such as crying or tears, 
increased confusion, irritability, or distress.

For patients with severe dementia, the Pain Assessment 
IN Advanced Dementia (PAINAD), the Functional Pain 
Scale, or Doloplus-2 are better than other tests. [332, 
333]. In non-verbal patients who cannot provide self-
report, pain behaviors such as guarding and grimacing 
and input from family and caregivers associated with the 
Critical care Pain Observation Tool (CPOT) and Behav-
ioral Pain Scale (BPS) are valid tools [334].

In the treatment of acute pain in injured patients, drugs 
should be administrated early; they should be quick and 

easy to administer; have short half-life, high effectiveness, 
and minimal side effects.

The choice of drugs and appropriate methods of 
administration should consider the response to and the 
need for continuous analgesia in the management of the 
patient.

In trauma patients, medication selection must focus 
on those with the least negative effects on hemodynamic 
status of the patient.

Common analgesics used are opioids,  N2O, paraceta-
mol or acetaminophen and non-steroidal anti-inflam-
matory drugs (NSAIDs). The type of analgesics used are 
tailored according to the type of injury, pain severity, tri-
age system, and patient’s clinical features [335].

A dutch double-blind, randomized, clinical trial includ-
ing 182 patients treated with acetaminophen, 183 with 
diclofenac, and 182 with combination treatment, showed 
that acetaminophen is not inferior to non-steroidal anti-
inflammatory drugs, or the combination of both, in 
minor musculoskeletal trauma [336].

Regular intravenous administration of acetaminophen 
every 6 h, unless contraindicated, is effective in trau-
matic pain relief. NSAIDs need to be used with caution 
in elderly patients due to their potential adverse events, 
such as acute kidney injury and gastrointestinal compli-
cation. In the perioperative pain management of elderly 
patients with hip fractures, NSAIDs are usually not rec-
ommended [337].

However, if NSAIDs are administrated for pain relief in 
elderly trauma patients a proton pump inhibitor should 
also be co-prescribed and particular attention should 
be paid to patients who are on angiotensin-converting 
enzyme inhibitors, diuretics or antiplatelets because of 
drug interactions [338].

Opioids are the cornerstone in the management of 
trauma patients and should be considered in moderate to 
severe pain. They are effective in pain control but associ-
ated with serious cardiovascular events, acute dyspeptic 
syndrome with nausea and vomiting and an increased 
risk of respiratory failure [339].

Elderly trauma patients are particularly vulnerable to 
opioid use disorders and the high risk of morphine accu-
mulation and subsequent over-sedation and respiratory 
depression.

Oxygenation with assisted ventilation was required 
in 0.05% of patients treated with ketamine, in 0.02% 
of patients treated with fentanyl and in 0% of patients 
treated with morphine. Nausea and vomiting were the 
main adverse effects of morphine (4.8%), fentanyl (1.5%) 
and ketamine (0.5%), while hypotension occurred in 1.6% 
of cases with fentanyl and 0.5% of cases with morphine 
[340].
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Tramadol is a centrally acting analgesic with 2 mecha-
nisms of action: it has a weak opioid agonist activity and 
inhibits serotonin re-uptake. It has a reduced depressive 
effect on the respiratory and gastrointestinal systems in 
comparison with other opioids; however, confusion may 
be a problem for older patients. Tramadol may reduce 
the seizure threshold and is contraindicated in patients 
with a history of seizures [341].

Opioid use concomitantly with other central nerv-
ous system depressants (e.g., benzodiazepines, skeletal 
muscle relaxants, gabapentinoids, etc.) has to be avoided 
outside of specific clinical scenarios in highly monitored 
settings. N-methyl-D-aspartate receptor antagonists 
(ketamine, magnesium), membrane stabilisers (lido-
caine), anticonvulsants (gabapentinoids), antidepressants 
(amitriptyline) and ∝-agonists (clonidine, dexmedeto-
midine) are administrated alone or in combination with 
other analgesics to improve their effect. When selecting 
an adjuvant agent, physicians should prescribe medica-
tions with the lowest side effect profile for the geriatric 
patient, titrate the drug slowly, and assess patients care-
fully for both effectiveness and the presence of adverse 
effects, which have to be anticipated and managed 
accordingly. Laxative therapy, such as the combination of 
a stool softener and a stimulant laxative should be pre-
scribed in a patient treated with opiods [341].

Several alternatives to opioids were proposed in litera-
ture. Recently methoxyflurane, an inhaled non-opioid 
analgesic with a rapid onset of pain relief was approved 
in low-dose for emergency relief of moderate-to-severe 
trauma-related pain in adults. A recent multicenter, rand-
omized, controlled, open-label trial in adult patients (age 
range 19–91 years) showed that inhaled methoxyflurane 
(3 mL) is effective in providing superior short-term pain 
relief to intravenous morphine in patients with severe 
trauma pain [342].

A meta-analysis was carried out to compare the efficacy 
and safety of low-dose methoxyflurane with standard of 
care analgesics in adults with trauma-related pain. This 
meta-analysis showed that pain intensity reduction was 
statistically superior with low-dose methoxyflurane com-
pared with standard of care analgesics (overall estimated 
treatment effect = 11.88, 95% CI 9.75–14.00;  P < 0.0001). 
Significantly more patients treated with methoxyflurane 
achieved response criteria of pain intensity ≤ 30 mm on a 
visual analog scale, and relative reductions in pain inten-
sity of ≥ 30% and ≥ 50%, compared with patients who 
received standard of care analgesics. The median time 
to pain relief was shorter with methoxyflurane than with 
standard of care analgesics. The findings were consistent 
in the subgroup of elderly patients (aged ≥ 65 years) [343].

The multimodal analgesic approach (MMA) or “bal-
anced analgesia” was introduced with the aim of 

decreasing the exposure to opioids, to address acute pain 
effectively, and enhance recovery after surgical procedure 
and trauma. It is defined as the integrated use of multiple 
strategies including systemic analgesics, regional analge-
sic techniques, and non-pharmacological interventions 
to affect peripheral and/or central nervous system sites in 
the pain pathway with the main aim of achieving a syner-
gistic effect of the various classes of drugs used at lower 
analgesic doses [344–349].

MMA provides the use of: (1) analgesics, including opi-
oids, nonopioid analgesics (such as acetaminophen and 
NSAIDs), the gabapentinoids (gabapentin and pregaba-
lin), serotonin norepinephrine reuptake inhibitors, tricy-
clic antidepressants, and N-methyl-d-aspartate (NMDA) 
receptor antagonists; (2) neuraxial (epidural and intrath-
ecal) analgesia; (3) peripheral nerve blocks; and (4) intra-
articular and wound infiltration with local anaesthetics.

The synergy created when multimodal regimens are 
used to target discrete components of the peripheral and 
central pain pathways leads to effective analgesia at lower 
opioid dosing, reducing related risk and producing fewer 
adverse effects [343, 344, 349] MMA should be individ-
ualized in a muldisciplinary approach according to  the 
patient; type of pain; mechanism of pain (inflammatory 
or neuropathic); type of surgical procedure; location of 
pain; expected duration of pain. Because of their opioid-
sparing effects, multimodal strategies are useful and safe 
for elderly patients [345, 346].

The MAST (Multi-modal Analgesic Strategies in 
Trauma) study [345] was a randomized, pragmatic, trial 
aimed to compare the original multimodal analgesic 
protocol regimen (MMPR) (intravenous administration, 
followed by oral, acetaminophen, 48 h of celecoxib and 
pregabalin followed by naproxen and gabapentin, sched-
uled tramadol, and as needed oxycodone) and the MAST 
MMPR (oral acetaminophen, naproxen, gabapentin, lido-
caine patches, and as needed opioids). This strategy used 
a fixed schedule of acetaminophen, gabapentinoids, non-
steroidal antiinflammatory drugs (NSAIDs), lidocaine 
patches, and tramadol with stronger opioids available 
only for breakthrough pain. It was reported that MMA 
reduce opioid exposure with a substantial reduction in 
patient-reported pain scores. This is due to administering 
non-opioid analgesics (e.g., paracetamol and NSAIDs) on 
a scheduled basis, rather than as needed, to mitigate the 
fluctuations between peak and trough serum levels.

A secondary analysis of the MAST data, showed that 
older trauma patients require fewer opioids than younger 
patients with similar characteristics and pain scores. Opi-
oid dosing for post-traumatic pain should therefore con-
sider age. A 20 to 25% dose reduction per decade after 
age 55 may reduce opioid exposure without altering pain 
control [346].
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Neuraxial and peripheral regional anesthesia
Regional analgesia is a crucial part of MMA. It includes 
peripheral nerve blocks (PNBs) with or without a con-
tinuous peripheral nerve block (CPNB) infusion directed 
toward an isolated nerve or plexus through the injection 
of a local anesthetic near the neural targets. These tech-
niques allow a localized delivery of analgesia to specific 
painful areas and augment multimodal regimens [347].

Strong evidence confirm that the implementation of 
peripheral nerve blocks (PNBs) in managing acute pain 
associated with traumatic fractures in elderly patients is 
effective in decreasing the use of opioids, pain, and lenght 
of hospital stay [348].

In 2018, Steenberg et  al. [350] made a systematic 
review of the literature (11 randomized and quasi-ran-
domized controlled trials, with a total of 1062 patients) 
reported that the analgesic effect of fascia iliaca com-
partment block was superior to that of opioids during 
movement, resulting in lower preoperative analgesia con-
sumption and a longer time for first request of analgesia, 
and reduced time to perform spinal anaesthesia. Block 
success rate was high and there were very few adverse 
effects. A Cochrane review (49 trials analyzed) was car-
ried out to compare single shot PNBs used as perio-
perative, postoperative analgesia, or as a supplement 
to general anaesthesia versus no nerve block (or sham 
block) for adults with hip fracture. Three thousand sixty-
one patients were enrolled; 1553 randomized to PNBs 
and 1508 to no nerve block with an average age of partic-
ipants ranged from 59 to 89 years. PNBs reduced pain on 
movement within 30 min after block placement, risk of 
acute confusional state, chest infection, and time to first 
mobilization and probably costs [351].

A systematic review of 27 RCTs with 2478 cases 
assessed the use of fascia iliaca compartment block 
(FICB) as an analgesic strategy for perioperative pain 
management in geriatric patients with hip fractures after 
admission in the emergency department, and showed 
that this technique is safe, reliable, reproducible, and 
able to provide adequate pain relief compared with the 
conventional analgesia methods in the peri-ooperative 
management, promoting earlier mobilization, prevent-
ing complications, and reducing additional analgesic con-
sumption [352].

Several studies investigated the efficacy of different 
type of PNB and showed a good pain control in patients 
presenting with hip fractures [353, 354].

The AnAnkle Trial, [355] a randomized blinded trial of 
two centers, which enrolled 150 patients reported that 
PNB anesthesia (ultrasound-guided popliteal sciatic and 
saphenous blocks with ropivacaine) decreased the post-
operative pain intensity in primary ankle fracture surgery 
compared with spinal anesthesia and consequently the 

consumption of opioids, despite substantial rebound pain 
when PNBs subsided.

The prospective study carried out by Garlich et  al. 
[356] in a level I trauma center focusing on 725 patients 
aged ≥ 65 yo reported that patients who received a preop-
erative fascia iliaca block (in single-shot, administering a 
30- to 40-mL bolus of 0.25% bupivacaine with 1:200,000 
epinephrine or in continuous, with a bolus of 10 to 20 mL 
of 0.2% bupivacaine, followed by a continuous infusion 
of 0.2% bupivacaine at 6 mL/h ending on the morning of 
postoperative Day 1) for hip fracture surgery consume 
less morphine preoperatively, with low rates of opioid-
related adverse events.

Thompson et  al. [357] prospectively randomized 44 
patients into 2 groups to study the efficacy of a preopera-
tive fascia iliaca compartment block in geriatric patients 
with fractures of the proximal femur. There was no sig-
nificant difference in consumption of acetaminophen 
for mild pain, tramadol for moderate pain, or functional 
recovery between the 2 groups, but a statistically signifi-
cant decrease in morphine consumption (0.4 mg vs. 19.4 
mg, P = 0.05) and increase in patient-reported satisfac-
tion (31%, P = 0.01). Using the same methodology in 97 
patients randomized into 2 groups (experimental and no-
block control), Schulte et al. [354] confirmed that single 
perioperative Fascia Iliaca Block (FIB) for patients with 
hip fracture surgery decrease opioid consumption and 
increase the likelihood to be discharged home. Similarly, 
the adoption of epidural analgesia (epidural infusion 
of bupivacaine/fentanyl or bupivacaine/morphine) and 
regional anesthesia are options for adequate pain relief in 
hip fractures [337].

Furthermore, PNBs administrated to patients with hip 
fractures and moderate cognitive impairment (a major 
risk factor for perioperative delirium) seem not to impact 
the cognitive status [358, 359].

Neuraxial anesthesia involves local administration 
of an anesthetic or opioid into the spinal cord’s neu-
raxial (epidural or intrathecal) space. A local anesthetic 
and opioid combination work synergistically to relieve 
pain, but no single combination has proven superior to 
another. Decisions to use epidural analgesia either by sin-
gle injection or by continuous infusion are often based 
on specific types and locations of pain, ability to closely 
monitor patients, and availability of anesthesia providers 
or pain service experts to oversee therapy [358, 359].

Risks associated with epidural analgesia include 
hypoventilation, atelectasis and pneumonia owing to the 
effects of local anesthetics on respiratory muscles and 
diaphragmatic excursion. Therefore, it has to be adminis-
tered under closed monitoring in elderly injured patients, 
especially in those presenting with rib fractures [360].
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The thoracic epidural (TE) and paravertebral blocks 
(PVB) have been considered as gold standard for analge-
sia for rib fractures since long time, offering an adequate 
pain control, even in coagulopathic and anticoagulated 
patients with some cautions. Hypotension might occur 
after TE. Vasopressors are often needed to offset this side 
effect. Motor block is a frequent occurrence and can limit 
mobilization. A systematic review supported the role of 
TE over other forms of analgesia (PVBs or parenteral 
opioids) for rib fractures pain control. TE and PVB were 
also shown to reduce opioid consumption and delirium 
in older people with rib fractures [361].

Recently, novel myofascial techniques such as erec-
tor spinae plane (ESPB) and serratus anterior plane 
(SAPB) blocks have been implemented in MMA for 
older patients. Teksen et  al. conducted a randomised 
controlled trial and demonstrated that SAPB, as part of 
MMA in pain management for rib fractures, is safe and 
effective in reducing acute pain. The total tramadol con-
sumption, the NRS scores and the chronic pain at rest 
and during effort were significantly less compared to the 
control group [362].

Thoracic trauma
Rib fractures occur in up to 40% of trauma patients. 
Overall mortality of patients having rib fractures is high, 
about 10% for all ages. Thoracic trauma is a common 
cause of trauma admission in elderly people. Mortality 

and morbidity from rib fractures primarily derive from 
pain-induced hypoventilation, pneumonia and respira-
tory failure. Acute pain management is importance to 
provide sufficient analgesia to allow respiratory rehabili-
tation and to prevent pulmonary complications [359–
362] as showed in Fig. 3 [360].

Currently, opiate-based pain regimens are the corner-
stone of rib fractures management, but they have several 
side effects in geriatric patients. Research tries to find 
safer alternative analgesics. Ketamine is an opioid alter-
native. It is an N-methyl-D-aspartate receptor antagonist 
and has been used widely for procedural sedations and 
intubations. High doses of ketamine may activate other 
receptors and result in undesirable adverse effects such as 
short-term hallucinations, night-time dreams, psychosis, 
dizziness, and blurry vision. To reduce these symptoms, 
it is proper to use low doses of ketamine, which also have 
analgesic effects and can decrease the overconsumption 
of opioids [363, 364].

A systematic review and meta-analysis showed that 
ketamine was non-inferior to morphine, and in low doses 
can be an alternative to opioids without side effects [364, 
365] Recent systematic reviews and meta-analyses 
revealed that opioids had more side effects than ketamine 
and that ketamine did not cause life-threatening events 
[366, 367].

However, higher rates of neurological and psychiat-
ric adverse events were seen in patients treated with 

Fig. 3 Rib fracture analgesia algorithm (Ref. [360])
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ketamine whereas cardiovascular events were higher 
among patients using opioids [365]. Low dose ketamine 
administration reduced the use of morphine among 
patients with an ISS > 15, in the first 24 h after admission 
[368, 369].

Sub-dissociative intravenous-dose ketamine adminis-
tered at 0.3 mg/kg over 15 min, provides analgesic effi-
cacy comparable to morphine for short-term treatment 
of acute pain in the geriatric ED patients but results in 
higher rates of psycho-perceptual adverse effects [370].

Evidence supports the use of intravenous and oral 
administration of acetaminophen in a MMA approach 
when it is possible as primary treatment in elderly trauma 
patients with limited rib fractures presenting mild symp-
toms. Furthermore, oral acetaminophen is equivalent to 
intravenous acetaminophen for pain control (NO differ-
ence in morbidity or mortality) in elderly trauma patients 
with one or more rib fractures (138 patients; age ≥ 65 
years), [371].

Several studies reported surgical rib fixation such as an 
important component of pain control.

Several indications have been proposed for consider-
ing surgical rib fracture repair including flail chest, severe 
pain and chest wall deformity [372].

A Cochrane meta-analysis evaluated the effectiveness 
and safety of surgical fixation in patients with flail chest, 
compared to conservative management [373]. They ana-
lysed data extracted from 3 studies with a total of 123 
subjects and reported no statistically significant differ-
ence in mortality between the non operative and opera-
tive groups. However, in the surgical group, pneumonia, 
chest deformity and tracheostomy were reduced. Nota-
bly, the mean age of patients undergoing surgery was 
under 60 years old.

Sawyer et al. carried out a systematic review and meta-
analysis to investigate the benefit of surgical rib fixa-
tion to identify the most “appropriate” patients for the 
operative treatment and reported a benefit of surgical 
treatment in terms of length of ICU stay, mechanical 
ventilation, mortality, pneumonia, and tracheostomy. 
The subgroup analysis showed that surgical fixation was 
most favourable for patients with flail chest and those 
who underwent surgical fixation within 72 h. However, 
patients over 60 years old showed to benefit from con-
servative management in terms of length of hospital stay 
and mechanical ventilation [374].

Focusing on elderly patients, Zhang et  al. retrospec-
tively analyzed data from 226 patients aged ≥ 60yo 
admitted for simple rib fractures managed operatively 
by internal fixation surgery and non-operatively. They 
showed that the pain score and fracture healing time were 
significantly improved in the operation group (P < 0.05) 
as well the duration of painkiller use was significantly 

shorter (P = 0.009). However, there was no significant dif-
ferences in mortality, the incidence of bone nonunion, 
length of stay in the ICU, or duration of mechanical ven-
tilation between the 2 groups [375].

Hoepelman et  al. reviewed the literature to compare 
conservative and surgical ribs fixation in elderly patients 
(older than 60  years) with multiple rib fractures. The 
primary outcome was mortality. Secondary outcomes 
included hospital and intensive care length of stay, dura-
tion of mechanical ventilation and pneumonia rates. 
Five observational studies, including 2583 patients, were 
included. Mortality was lower in operatively treated 
patients compared to conservative treatment (4% vs. 8%). 
Pneumonia rate and duration of mechanical ventilation 
were similar (5/6% and 5.8/6.5 days) for either treatment 
modality. Overall hospital and intensive care length of 
stay were longer in operatively treated patients [376].

To the best of available evidence, it is unclear the indi-
vidual contribution of operative and conservative treat-
ment in reducing morbidity and mortality in the elderly 
with multiple rib fractures, and surgical ribs fixation can’t 
be recommended for pain control but an option to con-
sider case by case.

Abdominal trauma
Pain control after trauma laparotomy is important in 
limiting postoperative complications and mortality 
[373]. Inadequate analgesia may lead to distress and an 
increased risk of postoperative pulmonary and cardiac 
complications, thromboembolic events, and a greater 
stress response. Pain after laparotomy comes from the 
somatic afferent nerve fibres from the skin and muscle 
incision and the visceral pain from stretch and inflamma-
tion of the peritoneum. The visceral pain recovers more 
rapidly than the somatic pain [377].

The use of opioids to reduce somatic pain has to be 
reduced due to their side effects. A retrospective study 
on trauma laparotomy patients assessed the use of mor-
phine for postoperative pain relief. Pain scores and time 
to first bowel movement and nasogastric tube duration 
were linked to the amount of opioids used. Frequent 
adverse effects of opioids included nausea, constipation, 
and preventing smooth postoperative recovery especially 
in elderly patients [378].

Provision of continuous thoracic epidural analgesia 
for at least 24 h after abdominal trauma surgery may 
improve survival, bowel recovery, and pulmonary func-
tion when compared to intravenous opioids. For midline 
laparotomies, thoracic epidural anesthesia and bilateral 
paravertebral bloc are comparably effective and provide 
superior analgesia compared to systemic opioids. Trans-
versus abdominis plane (TAP) block, and Quadratus 
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lumborum (QL) Block may be specifically adopted in this 
situation [379, 380].

Intravenous lidocaine given initially as a bolus (1–2 
mg/ kg) then as an infusion (0.5–3 mg/kg/hr) can reduce 
opioid requirements and improve postoperative gastroin-
testinal motility [381]. A Cochrane review reported that 
it is uncertain whether intravenous perioperative lido-
caine, when compared to placebo or no treatment, has a 
beneficial impact on pain scores in the early postopera-
tive phase, and on gastrointestinal recovery, postopera-
tive nausea, and opioid consumption. There is a lack of 
evidence about the effects of intravenous lidocaine com-
pared with epidural anesthesia in terms of the optimal 
dose, timing, and duration [382]. Ketamine is efficacious 
as an analgesic in abdominal surgery, reduces opioid 
requirement, and can reduce the risk of the development 
of postoperative chronic pain. However, it is associated 
with the risk of postoperative psychiatric adverse effects 
[383, 384].

Magnesium reduces the requirement for opioids, 
improves analgesia, and can reduce the hyperalgesia seen 
with Remifentanil. Potential adverse effects of magne-
sium include hypotension and the prolongation of neuro-
muscular block [385]. Use of neuraxial and plexus blocks 
for patients receiving anticoagulants must be carefully 
considered and scheduled [386].

Key Question 5.3
When and how is indicated to administer thrombo-

prophylaxis in elderly trauma patients?
Statement 5.3.1
The use of scoring systems to stratify the risk of venous 

thromboembolism (VTE) of elderly trauma patients is 
recommended (QoE C low).

Statement 5.3.2
Venous thromboembolism (VTE) pharmacological 

prophylaxis can be avoided in low risk elderly trauma 
patients (QoE C low).

Statement 5.3.3
Venous thromboembolism (VTE) pharmacologi-

cal prophylaxis is recommended in moderate-high risk 
elderly trauma patients, if not controindicated (QoE C 
low).

Statement 5.3.4
Mechanical prophylaxis is recommended when phar-

macological venous thromboembolism (VTE) prophy-
laxis is contraindicated (QoE C low).

Statement 5.3.5
Venous thromboembolism (VTE) pharmacological 

prophylaxis should be initiated as soon as possible in 
moderate-high risk patients and should be delayed of 
24 h in case of Central nervous system injuries, active 
bleeding, coagulopathy, hemodynamic instability or solid 
organ injury (QoE C low).

Statement 5.3.6
Venous thromboembolism (VTE) pharmacological 

prophylaxis should be held in traumatic brain injury until 
computed tomography scan shows no progression (QoE 
C low).

Statement 5.3.7
Venous thromboembolism (VTE) pharmacological 

prophylaxis does not increase the rate of spinal hema-
toma in spinal injury (QoE C low).

Statement 5.3.8
Low Molecular Weight Heparin (LMWH) is recom-

mended over un-fractionated heparin (UFH) to prevent 
deep vein thrombosis (DVT) (QoE C low).

Statement 5.3.9
The recommended dose of LMWH is 30 mg every 12 h. 

Dose adjustment according to anti-Xa levels and weight 
is warranted. In case of renal failure 5000 U of UFH every 
8 h is recommended in elderly trauma patients (QoE C 
low).

Statement 5.3.10
Direct oral anticoagulants (DOACs) or aspirin may be 

considered as an alternative to heparin in view of better 
patient’s compliance after clinical stabilisation (QoE C 
low).

Recommendations 5.3
We recommend administering venous thromboembo-

lism prophylaxis with LMWH or UFH as soon as pos-
sible in high and moderate risk elderly patients in the 
trauma setting according to the renal function, weight of 
the patient and bleeding risk [Strong recommendation 
based on a low quality level of evidence 1C].

If pharmacological prophylaxis of venous thromboem-
bolism is contraindicated, we recommend mechanical 
prophylaxis [Strong recommendation based on a low 
quality level of evidence 1C].

Summary of evidence and discussion
The overall quality of evidence on the topic of venous 
thromboembolism (VTE) prophylaxis in elderly trauma 
patients is low as only observational retrospective stud-
ies and no RCTs are available. In addition, the vast major-
ity of articles are on orthopaedic or neurologic trauma 
and very few articles include torso trauma. In order to 
achieve some recommendations, part of the indications 
were deduced from studies conducted on the general 
adult trauma population.

Trauma patients are at high risk of VTE mainly due 
to the reduction of mobility and to the inflammatory 
state generated by the trauma itself. For this reason VTE 
prophylaxis is usually recommended in these patients 
[387, 388]. The old age (> 60 years) has frequently been 
demonstrated to be an additional risk factor for VTE in 
trauma patients [389–405], as well as clearly mentioned 
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also in the EAST guidelines for the management of VTE 
in trauma patients [399]. As a matter of fact, stratified 
age is among the major predictors of risk of VTE used 
to calculate both the Greenfield Risk Assessment Profile 
(RAP) [400] (Table  3) and the Trauma Embolic Scoring 
System (TESS) [401] (Table 4) which used in the recent 
Western Trauma Association guidelines algorithm for 
the management of VTE in trauma patients [402]. The 
10 years retrospective study by Kim et al. [393] included 
2500 elderly trauma patients (> 65 years old). The rate of 
VTE was 3.2%. Traumatic brain injury (P < 0.05); chest 
Abbreviated Injury Score > 3 (P < 0.001); mechanical ven-
tilation (P < 0.001); major surgery (P < 0.001); and history 
of VTE (P < 0.05) were found to be independent predic-
tors of VTE. Similarly, the 2 years retrospective study by 
Prabhkaran et  al. based on a national trauma improve-
ment program [392], selected 354,000 patients older than 

65 years with post-traumatic VTE and demonstrated 
that being a male, ICU length of stay (LOS), overall LOS, 
spine injury, lower extremities injury, age > 75, severe 
traumatic brain injury, ventilator days, plasma transfu-
sions within 24 h of admission were independent risk fac-
tors for deep vein thrombosis (DVT).

According to the risk scores, the indication to VTE 
prophylaxis should be carefully evaluated. Low risk 
patients may not require VTE prophylaxis, while high 
risk patients should receive it. However, some criti-
cal conditions such as active bleeding, coagulopathy, 
hemodynamic instability, solid organ injury, traumatic 
brain injury or spinal trauma may need a delay of VTE 
pharmacological prophylaxis until stabilization. In these 
cases, mechanical prophylaxis (intermittent pneumatic 
compression, elastic stockings or mobilization) should be 
applied instead, if possible [403–406].

The large scale Norwegian national prospective 
observational study including 45.000 elderly patients 
undergoing osteosynthesis for hip fracture compared 
pre-operative and post-operative start of VTE prophy-
laxis. Pre-operative prophylaxis did not influence mor-
tality or risk of reoperation in patients treated with 
osteosynthesis. However, post-operative prophylaxis 
decreased the risk of intraoperative bleeding complica-
tions for operations with hip compression screw, but 
not with intramedullary nail or screw osteosynthesis 
[405].

The Cochrane systematic review by Barrera et al. rec-
ommends prophylaxis to reduce the risk of DVT in 
severe trauma patients (RR 0.52). Although mechanical 
prophylaxis is effective in reducing the risk of DVT (RR 
0.55), pharmacological prophylaxis seems more effective 
(RR 0.48), even if it may increase the risk of bleeding (RR 
2.04). Low molecular weight heparin (LMWH) is prefera-
ble over unfractioned heparin (UFH) due to higher effec-
tiveness in preventing DVT (RR 0.68). The association 
of mechanical and pharmacological prophylaxis further 
decreases the risk of DVT (RR 0.34). Neither mechanical 
nor pharmacological prophylaxis seem to reduce the risk 
of pulmonary embolism (PE) [387].

The retrospective cohort study by Campbell et al. based 
on a national database including 4000 elderly patients 
(> 60 years old), evaluated the effectiveness of factor XaI 
inhibitors compared to LMWH to prevent DVT after 
hip fracture surgery. Data did not show significant dif-
ferences in DVT, bleeding or post-operative transfusions 
rates. However, the rate of PE was significantly higher 
in factor XaI inhibitors than LMWH (AR 2 vs -3.5). The 
authors concluded that factor XaI inhibitors may be a 
viable alternative to LMWH in view of patient’s prefer-
ence and better compliance, despite their increased cost 
and lower efficacy in preventing PE [406].

Table 3 Greenfield score < 5: low risk, >  = 5: high risk

Predictor Greenfield Points

Age (years) 40–59 2

60–74 3

 ≥ 75 4

Obesity 2

Malignancy 2

Coagulopathy 2

History of TE 3

Femoral CVC > 24 h 2

Blood transfusions (> 4U in 24 h) 2

Surgery > 2 h 2

Vascular surgery 3

AIS chest/abdomen/head > 2 2 each

GCS < 8 for > 4 h 3

Complex lower extremities fracture 3

Pelvic fracture 4

Spinal cord injury with para‑ or quadriplegia 4

Table 4 TESS score 0–2: low risk. 3–6: moderate. 7–14: high risk

Predictor TESS Points

Age (years) 18–29 0

30–64 1

 ≥ 65 2

ISS 1–9 0

10–25 3

 > 25 5

Obesity (BMI > 30) 1

Ventilation 4

Lower extremities fracture 2
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The retrospective propensity score matching study 
of the American College of Surgeons Trauma Quality 
Improvement Program compared the use of UFH and 
LMWH in 40,000 elderly trauma patients (> 65 years 
old) to evaluate the risk of bleeding. LMWH was asso-
ciated with a lower incidence of DVT (P = 0.007) and PE 
(P < 0.001), fewer bleeding complications and transfu-
sions, P < 0.001, surgical procedures (P = 0.007), myo-
cardial infarction (P < 0.0001), cardiac arrest (P = 0.001), 
severe sepsis (P < 0.001) and mortality (P < 0.001). Suba-
nalysis by age group confirmed the lower rate of VTE 
(P = 0.003) and bleeding complications among patients 
ages > 75y receiving LMWH. Differences were more evi-
dent in ISS < 16. The authors conclude that LMWH is 
superior to UFH at preventing VTE events with fewer 
bleeding complication and should be therefore the drug 
of choice in most elderly patients with ISS > 16 [407].

The initial dose of LMWH enoxaparin for patients 
older than 65 years should be 30 mg every 12 h. In case of 
renal failure, UFH should is (5000 U every 8 h). Heparin 
dose adjusted according to anti-Xa levels improved the 
efficacy of VTE prophylaxis without increasing the rate 
of bleeding complications [408–410].

Management of the end of life in  trauma setting 
for elderly patients
Key Question 6.1

Which are the clinical features and vital signs to 
define “end of life” in the elderly trauma patient?

Statement 6.1.1
There are no defined clinical features and vital signs to 

establish the elderly patient at end of life in trauma set-
ting [QoE D very low].

Statement 6.1.2
Age alone is not an indication to withhold aggressive 

therapy [QoE C low].
Statement 6.1.3
To define the end of life in elderly patient in trauma 

setting is a very complex and delicate process. It should 
consider prognosis in regard to survival outside the acute 
care setting, the recovery of cognitive ability sufficient to 
perceive the benefits of treatment, the ability to resume 
physical activities, the patient’s advance directives, and 
the involvement of the surrogate decision-maker or 
healthcare proxy and of the family [QoE D very low].

Recommendation 6.1
We recommend discussing in a multidisciplinary 

approach the end of life in an elderly patient in the 
trauma setting. The decision should be considering the 
patient’s directives, family feelings and representatives’ 
desires and should be shared [Strong recommendation 
based on a low-very low quality of evidence 1D].

Summary of evidence and discussion
Withholding and withdrawing life support of elderly 
traumatic patients is a common occurrence in ICU, but, 
unfortunately, the futility of continued care and the defi-
nition of the end of life of a patient is not always obvi-
ous. Evidence shows that long-term functional outcomes 
of elderly trauma patients who survive their injuries can 
be good [411]. In a large retrospective study on 38,707 
patients > 65 years old, 50% of the survivors were dis-
charged to home [412] and in another study the 83% of 
patients ages 75 and older, who survived for 4 years after 
injury were living in an independent setting [413]. Avail-
able data indicate that age alone is not an indication to 
withhold aggressive therapy. Moreover, neither the per-
ceived suffering of geriatric patients nor a poor antici-
pated quality of life should be used as the only criterion 
for withdrawal of support. In fact, most surgical ICU 
patients who survive, indicate that they would repeat the 
experience again if necessary [414] and that they have an 
“acceptable” quality of life and would undergo treatment 
again [415].

When determining whether ICU interventions are 
futile or not, clinicians must establish the prognosis 
in regard to survival outside the acute care setting and 
recovery of cognitive ability sufficient to perceive the 
benefits of treatment [416]. Such prognostication, how-
ever, can be difficult. Several scoring systems have been 
created and validated to predict in-hospital mortality of 
traumatic elderly patients. The Geriatric Trauma Out-
come Score (GTOS) includes ISS, age, performance of 
packed red blood cell transfusion within 24h of admission 
as variables. It was externally validated on 18,282 sub-
jects between the ages of 65 years and 102 years [59–61]. 
GTOS and Trauma Injury Severity Score (TRISS) were 
found to perform similarly and accurately in predicting 
the probability of death for injured elders. GTOS has the 
advantage of having fewer variables to be collected, and 
no reliance on data collected in the emergency room (ER) 
or by other observers, such as physiologic data. The AUC 
for GTOS ability to predict mortality in injured elders is 
0.844 (95% CI 0.837–0.851) [60, 61].

The quick Elderly Mortality After Trauma (qEMAT) 
includes systolic blood pressure, pulse, GCS, presence 
of penetrating injury, story of congestive heart failure, 
chronic renal failure, and cirrhosis. It was retrospectively 
validated on 243,270 patients > 65 years old with an AUC 
of 0.87 (95% CI 0.86–0.87) for prediction of in-hospi-
tal mortality. This method outperforms GTOS, TRISS 
and age plus ISS [417]. The Score for Trauma Triage 
in the Geriatric and Middle-Aged (STTGMA score) 
includes age, Glasgow Coma sale (GCS), mechanism of 
injury, AIS sub-scores for head and neck (AIS-NH), and 
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pelvis and extremity body regions (AIS-EXT), Charl-
son Comorbidity Index. It was prospectively validated 
for in-hospital mortality and for death 48h from admis-
sion on 1470 patients. The AUC for the STTGMA score 
ability to predict death within 48h from admission was 
0.943 (95% CI 0.886–0.999) [418–420]. The modified 
15 variable Trauma-Specific Frailty Index (TSFI) was 
retrospectively validated on 200 patients with age > 65 
years presenting to a level 1 trauma center for predicting 
unfavorable discharge disposition (discharge to skilled 
nursing facility or death). The area under the curve was 
0.829 [0.774–0.884]. Geriatric trauma patients with a 
TSFI cut-off score of > 0.27 are more likely to have unfa-
vorable discharge disposition [67]. Other scores were 
created to predict the long-term prognosis and quality 
of life of these patients after discharge. The Palliative 
Performance Scale (PPS) derived from assessment of 
5 domains: ambulation, activity level/evidence of dis-
ease, self-care, intake, level of consciousness. PPS has 
been initially shown to be correlated with survival in 
patients with advanced cancer. Then, it was prospectively 
validated for the ability to predict mortality and poor 
outcome at discharge and after 6 months in > 54 years 
old trauma patients. Low PPS patients fail to improve 
over time compared to high PPS patients [421, 422]. 
The FRAIL Questionnaire assesses five components: 
Fatigue, Resistance, Ambulation, Illnesses, and Loss of 
weight. It was prospectively validated on 188 patients > 65 
years old admitted through the emergency department 
with a primary injury diagnosis. The FRAIL Question-
naire predicts 1-year functional status and mortality after 
trauma in patients > 65 years old and is a useful tool for 
bedside screening [423]. These scores could be used on 
admission for prognostication of short and long-term 
outcomes, and they could help in the management of 
these patients. However, there is no adequate level of 
evidence to recommend the routine use of these scores 
as potential trigger for palliative care in older trauma 
patients.

Focusing on brain injuries, patients aged above 65 
years suffering traumatic brain injury have double in-
hospital mortality compared to those younger than 65, 
and among the survivors elderly patients have higher 
healthcare utilization and worse early and long-term 
outcomes [424–426]. Western countries’ population is 
progressively aging and management of severely injured 
patients has drastically improved in the last decades. This 
leads to more patients surviving initial resuscitation and 
inevitably to the greater need of quality end-of-life care 
and palliative care. In this setting, the appropriate man-
agement of traumatic brain injury among elderly has 
become a public health requirement. The identification 
of patients whose therapeutic chances are reduced and 

who will least benefit from aggressive treatment becomes 
decisive to direct therapeutic efforts and to reduce medi-
cal futility. The Eastern Association for the Surgery of 
Trauma (EAST) guidelines and the American College 
of Surgeons Trauma Quality Improvement Program 
(ASC-TQIP) emphasized the importance of evaluating 
clinical improvement in the first 72 h (20). Severe trauma 
brain injury was defined as Glasgow Coma Scale (GCS) 
score 8 (20), and failure to improve in GCS within 72 h 
from the start of treatment is a negative prognostic fac-
tor associated with poor functional outcome or death 
despite aggressive treatment [427]. Patients who do not 
show signs of improvement within 72 h should be care-
fully evaluated before undergoing further aggressive 
treatment. The first 72 h constitute the critical interval 
to determine the prognosis. Unfortunately, the guide-
lines do not specify the parameters useful to quantify a 
neurological improvement although the persistence of 
a comatose state (GCS 8) at 72 h is certainly associated 
with a poor prognosis. It is evident that this time inter-
val is absolutely arbitrary but certainly it represents the 
minimum time to assess the chances of survival and 
the effectiveness of the initial interventions. Age, per sè, 
is not considered a valid reason to limit the treatments 
available or to lead the decision to withdraw active treat-
ment whilst frailty is a superior predictor of poor out-
come [428–431].

A retrospective study of patients older than 65 admit-
ted a Level I Trauma Center with severe brain injury 
(GCS >  = 8) documented that mortality was significantly 
higher in patients that do not show improvement in GCS 
score at 72 h. However, this significant difference was not 
recorded in the functional status at discharge and in the 
12-month survival. Improvement to treatment at 72 h 
was not associated with better functional status and with 
better long-term survival. Then, among elderly, neuro-
logical status at 72 h is a good prognostic factor for in-
hospital death but is not a valid tool to predict long-term 
outcomes for survivors [431].

Key Question 6.2
Could palliative management be useful in the man-

agement of an elderly patient at the end of life?
Statement 6.2.1
During the management of an elderly severely injured 

patient, the early insertion in the decision-making pro-
cess of palliative medicine consultation improves out-
comes, reduces in-hospital mortality and length of stay 
and improves communication with family, avoiding 
unnecessary operation [QoE C low].

Statement 6.2.2
Improved palliative care skill training for surgeons 

should be necessary to be more competent in end-of-life 
decisions [QoE D very low-quality].
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Recommendation 6.2
We recommend involving as soon as possible the pal-

liative care team in managing an elderly severely injured 
patient at the end-of-life status [Strong recommenda-
tion based on a low-very low quality level of evidence 
1C].

Summary of evidence and discussion
In the last twenty years there has been an increase of the 
elderly population (older than 65 years) rate among hos-
pital trauma-related admissions. These patients require 
almost the 25% of trauma-related health care resources 
due to their comorbidities and the decrease of physio-
logic reserve with high mortality [432–435]. The National 
Institutes of Health has estimated that the 5% of the 
most seriously ill Americans accounted for more than 
50% of health care spending, with most costs occurring 
during the last 6 months of a patient’s life [430]. Racial 
and socioeconomic disparities in terms of utilization of 
hospice services were reported [433]. In US, Asian, Afri-
can American, and Hispanic patients received less hos-
pice care than Caucasian patients (OR 0.65, 0.60, 0.73; 
P < 0.0001). Race and ethnicity are independent predic-
tors of a trauma patient’s transition to hospice care and 
significantly affect the length of stay [433]. However pal-
liative management can be beneficial in the management 
of elderly injured patient. In such cases, when a patient 
sustains severe injuries that are unlikely to be fully recov-
erable, palliative care, including pain and symptom man-
agement, emotional and psychological support for the 
patient and his/her family, facilitating open and honest 
communication between the patient, their family and 
healthcare providers, can provide essential support and 
focus on the patient’s comfort and quality of life, preserv-
ing the patient’s dignity, comfort and enhancing their 
quality of life, regarding life-sustaining treatments and 
interventions. Palliative care teams collaboration in the 
setting of the end of life ensure that the patient’s wishes 
regarding their care are known and respected, even if 
they become unable to communicate them later on [434, 
435].

Palliative management in the context of an elderly 
injured patient at the end of life after trauma aims to pro-
vide holistic support, alleviate suffering, and improve the 
patient’s overall well-being during their remaining time. It 
complements the efforts of the trauma team by focusing 
on comfort, dignity, and quality of life, while also support-
ing the patient’s family throughout the process [434, 435].

Emergency and trauma surgeons have the responsibil-
ity to take important decisions in the end of life setting 
and in extreme situations; they need to be supported 
by the palliative care team, to respect the patient’s and 

family directives, share this decision and communicate it 
in the proper way.

End-of-life decision making is a variable process that 
involves prognosis, predicted functional outcomes, per-
sonal beliefs, institutional resources, societal norms, and 
clinician experience. An international survey showed that 
the admitting surgeon guided most end-of-life decisions, 
that formal medical futility laws are rarely available, that 
ethical consultation services are often accessible but 
rarely used, and typically unhelpful. Therefore the deci-
sion depends on type of injury, different religions, deci-
sion-maker viewpoint, and institutional resources and 
results in significant variation after trauma [436]. Pal-
liative care physicians are more familiar and have more 
training in this complex decision making [437]. Moreover 
trauma surgeons can identify early patients who could 
die because of traumatic injuries, but they have the dif-
ficulty to estimate long-term outcomes [438]. It is crucial 
to highlight that palliative care is not only for patients 
at the end-of-life but is an approach that try to improve 
patient and their family’s quality of life and outcomes in 
case of life-threatening illness [438–440]. Despite these 
considerations and the growing importance of this topic, 
Ball et  al. reported that palliative care consultation is 
underused. The most frequent barriers for patients and 
families to consultation are the resistance by families 
(40.2%), the concern for patient and family feeling that 
doctors are "giving up" (30.4%), the miscommunica-
tion regarding prognosis or diagnosis (27.4% and 16.2% 
respectively). Smoothing out these barriers could greatly 
increase treatments and outcomes in these category of 
patients [436].

Aziz et  al. [439] carried out a systematic review to 
assess if geriatric trauma patients should receive post-
injury care in a trauma center or not and if they should 
receive routine palliative care processes. They showed 
that for this group of patients, trauma center care was 
associated with improved outcomes in most studies 
and that the utilization of early palliative care consulta-
tions was generally associated with improved second-
ary outcomes, such as length of hospital stay. A study by 
Baimas-George et al. [432], based on a very large cohort 
of more than 16.000 emergency surgical patients who 
received palliative cares, showed that involving palliative 
care systems may be useful to decrease suffering, improve 
outcomes, and reduce non-beneficial and unwanted care. 
In this study 4% of patients were classified with an end-
of-life disease (ELD): 3% received palliative care services, 
5% were discharged to hospice, and 22% had an inpatient 
mortality. Authors reported that controlling for patient 
characteristics, utilization of palliative care services was 
associated with increased odds of discharge to hospice 



Page 47 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18  

compared to inpatient mortality (OR 1.78 all patients and 
OR 2.04 for ELD).

In a retrospective study by Hoffman et al., 86.7% of trauma 
patients who underwent Withdrawal of Life-Sustaining 
Treatment after surgery received a palliative care consult. 
However, the short time between surgery and withdrawal 
of life-sustaining treatments suggested that increase pallia-
tive care system before surgery can help in decision-making 
process to avoid unnecessary surgeries [437].

Davies et al. in a monocentric retrospective study ana-
lyzed the impact of palliative care in management of 
femur fracture in high-risk patients [441]. The results 
confirmed that an early (24–72 h) intervention of pallia-
tive care is successful, also if mortality rates remain high. 
Similar conclusions were reported by Schuijt et al. [442], 
who found that a patient-tailored treatment associated 
with a decision-making multidisciplinary team can be 
helpful. The decision making rely on discretion to iden-
tify patients most appropriate for palliative management.

Stonko et al. reviewed data from a national trauma reg-
ister including 614,496 geriatric trauma patients to assess 
if failure to rescue rate from any complication worsens 
with age and injury severity and reported that patients 
with complications tended to be older, female, non-white, 
have non-blunt mechanism, higher ISS, and hypotension 
on arrival. Overall mortality was highest (19%) in the old-
est (≥ 86 years old) and most severely injured (ISS ≥ 25) 
patients and the occurrence of any complication was an 
independent predictor of overall mortality in geriatric 
patients (OR 2.3; 95% CI 2.2–2.4) [349].

Moreover sarcopenia is the strongest predictor of out-
of-hospital mortality among older adults who sustained a 
fall (HR 4.77) [443]. Early diagnosis of sarcopenia allows 
the detection of trauma patients who are at high risk for 
adverse events. In geriatric blunt trauma patients, sarco-
penia was associated with increased in-hospital mortality 
(OR 1.61), had a higher risk of discharge to less favour-
able destinations (OR 1.42) and had an increased risk of 
prolonged hospitalization (HR 1.21) [444].

There is a need for palliative care education for many 
specialists that are often still reluctant to palliative care. 
The utilization of palliative care is very low in this sub-
set of patients: only 35% of patients with severe trauma 
brain injury receive palliative care. The available data 
show that palliative care is associated with less intensity 
of care, higher quality of life at the end of life and shorter 
length of stay for survivors. Integration of palliative care 
in the management of severe trauma brain injury patients 
definitively improves quality of care without reducing 
survival [445–448]. In conclusions, the implementation 
of palliative medicine consultation in the decision-mak-
ing process at the hospital admission or in the first 24–72 
h for geriatric trauma patients improves outcomes, 

reduces in-hospital mortality, length of stay and improve 
communication with family members [443–445, 449].

Conclusions
By the time, with the improvements of quality of life and 
care, elderly trauma patients (≥ 65 years old) are increas-
ing. Trauma in elderly people has high mortality. The 
WSES decided to provide guidelines focused on the man-
agement of this group of co-morbid and frail patients and 
based on available evidence and on experts’ opinion, to 
improve elderly trauma patients’ care and decrease their 
mortality. The management of elderly trauma patients 
requires knowledge and understanding of ageing physi-
ology and a multidisciplinary approach. Ageing is corre-
lated with frailty and frailty is a risk factor for mortality. 
Focused triage and early activation of tailored trauma 
protocols for elderly trauma patients can improve their 
resuscitation, according to their different physiology and 
response to trauma stress. Early involvement of pallia-
tive care teams and shared decision making in assessing 
elderly injured patients can decrease futility, improve 
communication, outcomes and quality of life. Finally, ger-
iatric ICUs are needed to care for elderly trauma patients 
using a multidisciplinary approach.

Abbreviations
CT  Computed tomography
WSES  World Society of Emergency Surgery
DOACs  Direct oral anticoagulants
VKAs  Vitamin K antagonists anticoagulants
LMWH  Low molecular weight heparin
UFH  Unfractionated heparin
GTOS  Geriatric Trauma Outcome Score
TSFI  Trauma Specific Frailty Index
NSAID  Non steroidal anti‑inflammatory drugs
ISS  Injury Severity Score
TESS  Trauma embolic scoring system
VTE  Venous thromboembolism

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13017‑ 024‑ 00537‑8.

Additional file 1. List of statements and recommendations.

Acknowledgements
Not applicable.

Author contributions
FC and BDS conceived this guidelines project; BDS wrote the protocol, 
selected topics and coordinated the 6 working groups who analysed the 
literature. BDS, MP, PF, AB, NP, GD, VK, GPF, CF, GM, ER, AP, MGS reviewed the lit‑
erature and contributed to the preliminary draft with a summary of evidence. 
BDS reviewed the literature, and wrote the final draft which was submitted 
to the critical review of experts in the fields. All the authors read, commented 
and suggested modifications. BDS revised the manuscript and recommen‑
dations according to the experts opinion. FC read and approved the final 
manuscript and list of statements and recommendations.

https://doi.org/10.1186/s13017-024-00537-8
https://doi.org/10.1186/s13017-024-00537-8


Page 48 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18 

Funding
Not applicable.

Availability of data and materials
Supplemental materials are available.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
All authors are Editorial Board members of World Journal of Emergency Sur‑
gery, and were excluded from the peer review process for this article.

Author details
1 Department of Emergency Minimally Invasive Surgery, Academic Hospi‑
tal of Villeneuve St Georges, Villeneuve St Georges, France. 2 Department 
of General Minimally Invasive Surgery, Infermi Hospital, AUSL Romagna, Rimini, 
Italy. 3 General Surgery Department, American Hospital of Paris, Paris, France. 
4 Department of Surgical Science, Unit of Emergency Surgery, University 
of Cagliari, Cagliari, Italy. 5 3rd Department of Surgery, Attikon General Hospital, 
National and Kapodistrian University of Athens (NKUA), Athens, Greece. 6 New 
Zealand Blood Service, Christchurch, New Zealand. 7 Unit of General Surgery 
I, IRCCS San Matteo Hospital of Pavia, University of Pavia, Pavia, Italy. 8 Unit 
of General Surgery, Esine Hospital, ASST Valcamonica, Esine, Italy. 9 Depart‑
ment of General Surgery, University Hospital of Pisa, Pisa, Italy. 10 Depart‑
ment of Surgery, Policlinico Umberto I Roma, Sapienza University, Rome, 
Italy. 11 Department of Surgery, Unit of General Surgery, University Hospital 
of Ferrara and University of Ferrara, Ferrara, Italy. 12 Division of Trauma Surgery, 
School of Medical Sciences, University of Campinas, Campinas, Brazil. 13 Unit 
of General and Emergency Surgery, Vittorio Veneto Hospital, Via C. Forlanini 
71, 31029 Vittorio Veneto, TV, Italy. 14 Department of Anesthesia, Level I, 
Trauma Center, Bufalini Hospital, Cesena, Italy. 15 UMC Ljubljana and Medical 
Faculty Ljubljana, Ljubljana, Slovenia. 16 Endocrine Surgical Unit ‑ University 
of Perugia, Terni, Italy. 17 General Surgery Unit, Madonna del Soccorso Hospital, 
AST Ascoli Piceno, San Benedetto del Tronto, Italy. 18 Division of Emergency 
Surgery, Helsinki University Hospital and University of Helsinki, Helsinki, Fin‑
land. 19 Department of Surgical Oncology, Centro Di Riferimento Oncologico 
Di Aviano IRCCS, Aviano, Italy. 20 Department of General Surgery, Macerata 
Hospital, Macerata, Italy. 21 Dipartimento di Medicina, Chirurgia e Odontoiatria, 
Campus Universitario di Baronissi (SA) ‑ Università di Salerno, AOU San Gio‑
vanni di Dio e Ruggi di Aragona, Salerno, Italy. 22 Istanbul Medeniyet University, 
Istanbul, Turkey. 23 Department of General Surgery, Rambam Health Care 
Campus, Haifa, Israel. 24 Ernest E Moore Shock Trauma Center at Denver Health, 
University of Colorado, Denver, CO, USA. 25 Bronson Methodist Hospital/
Western Michigan University, Kalamazoo, MI, USA. 26 Department of Surgery, 
College of Medicine and Health Sciences, United Arab Emirates University, 
Al‑Ain, United Arab Emirates. 27 Ethiopian Air Force Hospital, Bishoftu, Oromia, 
Ethiopia. 28 Department of General Surgery, Royal Perth Hospital and The 
University of Western Australia, Perth, Australia. 29 Department of Surgery, 
Radboud University Medical Center, Nijmegen, The Netherlands. 30 Emergency 
Department, Ospedale Civile Maggiore, Verona, Italy. 31 Department of Surgery, 
Tianjin Nankai Hospital, Nankai Clinical School of Medicine, Tianjin Medical 
University, Tianjin, China. 32 University of Colorado Anschutz Medical Campus, 
Denver, CO 80246, USA. 33 Department of Anesthesia and Intensive Care, 
Parma University Hospital, Parma, Italy. 34 Department of Surgical Sciences 
and Advanced Technologies, General Surgery Cannizzaro Hospital, University 
of Catania, Catania, Italy. 35 Fondazione Policlinico Universitario A. Gemelli 
IRCCS, Catholic University, Rome, Italy. 36 Department of Geriatrics, Ospedale 
Sant’Anna, Ferrara, Italy. 37 Department of Precision and Regenerative Medicine 
and Ionian Area, Unit of Academic General Surgery, University of Bari “A. Moro”, 
Bari, Italy. 38 Departments of Surgery and Critical Care Medicine, University 
of Calgary, Foothills Medical Centre, Calgary, AB, Canada. 39 Department 
of Trauma, Hand and Reconstructive Surgery, University Hospital Frankfurt, 
Frankfurt, Germany. 40 Unit of Colorectal and Digestive Surgery, DIGEST 
Department, Beaujon University Hospital, AP‑HP, University of Paris Cité, Clichy, 

France. 41 Department of General Surgery, MedAlliance, Albury, NSW, Australia. 
42 Department of Surgery, Government Gousia Hospital, DHS, Srinagar, India. 
43 General Surgery Department, Medical University, University Hospital St 
George, Plovdiv, Bulgaria. 44 Hadassah Medical Center and Faculty of Medicine, 
Hebrew University of Jerusalem, Jerusalem, Israel. 45 Division of General Sur‑
gery, IRCCS Policlinico San Donato, University of Milan, Milan, Italy. 46 Division 
of Trauma and Acute Care Surgery, Department of Surgery, University of Cali‑
fornia Davis, Sacramento, CA, USA. 47 Department of General Surgery, Tan Tock 
Seng Hospital, Novena, Singapore. 48 Department of Management, Ca’ Foscari 
University of Venice, Venice, Italy. 49 Collegium Medicum, University of Social 
Sciences, Łodz, Poland. 50 Department of Surgery, Royal Infirmary of Edinburgh, 
Edinburgh, UK. 51 Riverside University Health System Medical Center, Riverside, 
CA, USA. 52 Guy’s and St Thomas’ NHS Foundation Trust, London, UK. 53 Depart‑
ment of Surgery, University of North Carolina, Surgical Palliative Care Society, 
Asheville, NC, USA. 54 Department of Surgery, Brody School of Medicine, East 
Carolina University, Greenville, NC, USA. 55 Harborview Medical Center, Univer‑
sity of Washington, Seattle, WA, USA. 56 Department of Surgical Diseases No. 3, 
Gomel State Medical University, University Clinic, Gomel, Belarus. 57 University 
of Arizona, Tucson, AZ, USA. 58 Abrazo Health West Campus, Goodyear, Tucson, 
AZ, USA. 59 Division of Trauma/Acute Care Surgery, Scripps Clinic Medical 
Group, La Jolla, CA, USA. 60 Department of General and Emergency Surgery, 
Bufalini Hospital‐Level 1 Trauma Center, AUSL Romagna, Cesena, Italy. 

Received: 5 January 2024   Accepted: 26 February 2024

References
 1. Halaweish I, Alam HB. Changing demographics of the American popu‑

lation. Surg Clin North Am 2015;95(1):1–10 [Grabo, D. J., B. M. Braslow, 
and C. W. Schwab. "Current therapy of trauma and surgical critical care." 
Elsevier (2016)

 2. ec.Europa.EU/Eurostat/statistics‑explained/index.PHP 
title=Population_structure_and_ageing

 3. Herd BM, Herd AN, Tanner NS. Burns to the elderly: a reappraisal. Br J 
Plast Surg. 1987;40(3):278–82.

 4. Grabo DJ, Braslow BM, Schwab CW. Current therapy of trauma and surgical 
critical care. In: Asensio JA, Trunkey D, editors. 2nd edition. Elsevier; 2016.

 5. The Department of Health and Human Services, Administration on 
Ageing. Projected future growth of the older population. Available at: 
http:// www. aoa. gov/ aoaroot/aging_statistics/future_growth/future_
growth.aspx#age. Accessed July 20, 2012.

 6. Adams SD, Holcomb JB. Geriatric trauma. Curr Opin Crit Care. 
2015;21(6):520–6.

 7. Labib N, Nouh T, Winocour S, et al. Severely injured geriatric population: 
morbidity, mortality, and risk factors. J Trauma. 2011;71(6):1908–14.

 8. Spaniolas K, Cheng JD, Gestring ML, et al. Ground level falls are 
associated with significant mortality in elderly patients. J Trauma. 
2010;69(4):821–5.

 9. Chang DC, Bass RR, Cornwell EE, et al. Undertriage of elderly 
trauma patients to state‑designated trauma centers. Arch Surg. 
2008;143(8):776–81.

 10. Hopewell S, Adedire O, Copsey BJ, Boniface GJ, Sherrington C, Clemson 
L, Close JC, Lamb SE. Multifactorial and multiple component interven‑
tions for preventing falls in older people living in the community. 
Cochrane Database Syst Rev. 2018;7(7):CD012221. https:// doi. org/ 10. 
1002/ 14651 858. CD012 221. pub2.

 11. Schiller WR, Knox R, Chleborad W. A five‑year experience with severe 
injuries in elderly patients. Accid Anal Prev. 1995;27(2):167.

 12. Demetriades D, Murray J, Martin M, Velmahos G, Salim A, Alo K, Rhee P. 
Pedestrians injured by automobiles: relationship of age to injury type 
and severity. J Am Coll Surg. 2004;199(3):382.

 13. Kong LB, Lekawa M, Navarro RA, McGrath J, Cohen M, Margulies DR, 
Hiatt JR. Pedestrian‑motor vehicle trauma: an analysis of injury profiles 
by age. J Am Coll Surg. 1996;182(1):17–23.

 14. Miller KE, Zylstra RG, Standridge JB. The geriatric patient: a sys‑
tematic approach to maintaining health. Am Fam Physician. 
2000;61(4):1089–104.

 15. Wibbenmeyer LA, Amelon MJ, Morgan LJ, Robinson BK, Chang PX, 
Lewis R 2nd, Kealey GP. Predicting survival in an elderly burn patient 

http://www.aoa.gov/
https://doi.org/10.1002/14651858.CD012221.pub2
https://doi.org/10.1002/14651858.CD012221.pub2


Page 49 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18  

population. Burns. 2001;27(6):583–90. https:// doi. org/ 10. 1016/ s0305‑ 
4179(01) 00009‑2.

 16. Grossman MD, Miller D, Scaff DW, Arcona S. When is an elder old? Effect 
of preexisting conditions on mortality in geriatric trauma. J Trauma. 
2002;52(2):242–6. https:// doi. org/ 10. 1097/ 00005 373‑ 20020 2000‑ 00007.

 17. Bonne S, Schuerer DJ. Trauma in the older adult: epidemiology and 
evolving geriatric trauma principles. Clin Geriatr Med. 2013;29(1):137–
50. https:// doi. org/ 10. 1016/j. cger. 2012. 10. 008.

 18. Wilson MS, Konda SR, Seymour RB, Karunakar MA; Carolinas Trauma 
Network Research Group. Early Predictors of Mortality in Geriatric 
Patients With Trauma. J Orthop Trauma. 2016;30(9):e299–304. https:// 
doi. org/ 10. 1097/ BOT. 00000 00000 000615

 19. Joseph B, Pandit V, Zangbar B, et al. Superiority of frailty over age in 
predicting outcomes among geriatric trauma patients: a prospective 
analysis. JAMA Surg. 2014;149(8):766–72. https:// doi. org/ 10. 1001/ jamas 
urg. 2014. 296.

 20. Scalea TM, Simon HM, Duncan AO, et al. Geriatric blunt multiple 
trauma: improved survival with early invasive monitoring. J Trauma. 
1990;30(2):129–34.

 21. Armstrong EC. The well‑built clinical question: the key to finding the 
best evidence efficiently. WMJ. 1999;98(2):25–8.

 22. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche P, et al. The PRISMA 
statement for reporting systematic reviews and meta‑analyses of stud‑
ies that evaluate health care interventions: explanation and elaboration. 
PLoS Med. 2009;6: e1000100.

 23. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck‑Ytter Y, Alonso‑Coello P, 
Schünemann HJ. GRADE: an emerging consensus on rating quality of 
evidence and strength of recommendation. BMJ. 2008;336(7650):924–
6. https:// doi. org/ 10. 1136/ bmj. 39489. 470347. ad.

 24. Linstone HA, Turoff M. The Delphi method: techniques and applica‑
tions. Reading, Mass: Addison‑Wesley; 1975.

 25. European Commission : The ageing Europe‑Looking at the lives of older 
people in the EU: The Publications Office of the European Union, 2020

 26. Caterino JM, Valasek T, Werman HA. Identification of an age cutoff for 
increased mortality in patients with elderly trauma. Am J Emerg Med. 
2010;28:151–8.

 27. American College of Surgeons Committee on Trauma. Geriatric trauma. 
In: ATLS: student course manual. 8th edition. Chicago: ACLS; 2008. p. 
247–57;

 28. The Eastern Association for the Surgery of Trauma. Geriatric trauma 
(update). Available at: http:// www. east. org/ resou rces/ treat ment‑ guide 
lines/ geria tric‑ trauma‑ (update). Accessed July 20, 2012.].

 29. Fakhry SM, Morse JL, Garland JM, Wilson NY, Shen Y, Wyse RJ, Watts DD. 
Redefining geriatric trauma: 55 is the new 65. J Trauma Acute Care Surg. 
2021;90(4):738–43. https:// doi. org/ 10. 1097/ TA. 00000 00000 003062.

 30. Baker SP, O’Neill B, Haddon W Jr, et al. The injury severity score: a 
method for describing patients with multiple injuries and evaluating 
emergency care. J Trauma. 1974;14:187–96.

 31. Moons P, Arnauts H, Delooz HH. Nursing issues in care for the elderly in 
the emergency department: an overview of the literature. Accid Emerg 
Nurs. 2003;11:112–20.

 32. McCabe JJ, Kennelly SP. Acute care of older patients in the emergency 
department: strategies to improve patient outcomes. Open Access 
Emerg Med. 2015;7:45–54.

 33. Yadav C, Boucher V, La Saige N, et al. A Delphi study to identify pre‑
hospital and emergency department trauma care modifiers for older 
adults. Can J Surg/J can chir. 2021;64(3):339–45.

 34. Kocuvan S, Brilej D, Stropnik D, et al. Evaluation of major trauma in 
elderly patients—A single trauma center analysis. Wien Klin Wochen‑
schr. 2016;128(Suppl 7):535–42.

 35. Taylor MD, Tracy JK, Meyer W, et al. Trauma in the elderly: intensive care 
unit resource use and outcome. J Trauma. 2002;53:407–14.

 36. Herron J, Hutchinson R, Lecky F, et al. The impact of age on major 
orthopaedic trauma: an analysis of the United Kingdom Trauma Audit 
Research Network database. Bone Joint J. 2017;99‑B:1677–80.

 37. Beck B, Cameron P, Lowthian J, et al. Major trauma in older persons. BJS 
Open. 2018;2:310–8.

 38. Lukin W, Greenslade JH, Chu K, et al. Triaging older major trauma 
patients in the emergency department: an observational study. Emerg 
Med J. 2015;32:281–6.

 39. Chang DC, Bass RR, Cornwell EE, et al. Undertriage of elderly trauma 
patients to state‑designated trauma centers. Arch Surg. 2008; 143:776–
81, discussion 782.

 40. Grant PT, Henry JM, McNaughton GW. The management of elderly 
blunt trauma victims in Scotland: Evidence of ageism? Injury. 
2000;31:519–28.

 41. Lane P, Sorondo B, Kelly JJ. Geriatric trauma patients—Are they receiv‑
ing trauma center care? Acad Emerg Med. 2003;10:244–50.

 42. Lehmann R, Beekley A, Casey L, et al. The impact of advanced age on 
trauma triage decisions and outcomes: a statewide analysis. Am J Surg. 
2009;197:571–4, discussion 574–5.

 43. St John AE, Rowhani‑Rahbar A, Arbabi S, et al. Role of trauma 
team activation in poor outcomes of elderly patients. J Surg Res. 
2016;203:95–102.

 44. Rogers A, Rogers F, Bradburn E, et al. Old and undertriaged: a lethal 
combination. Am Surg. 2012;78:711–5.

 45. Uribe‑Leitz T, Jarman MP, Sturgeon DJ, et al. National study of triage 
and access to trauma centers for older adults. Ann Emerg Med. 
2020;75:125–35.

 46. Kehoe A, Smith JE, Bouamra O, et al. Older patients with traumatic brain 
injury present with a higher GCS score than younger patients for a 
given severity of injury. Emerg Med J. 2016;33:381–5.

 47. Heffernan DS, Thakkar RK, Monaghan SF, et al. Normal presenting 
vital signs are unreliable in geriatric blunt trauma victims. J Trauma. 
2010;69:813–20.

 48. Caterino JM, Raubenolt A, Cudnik MT. Modification of Glasgow Coma 
Scale criteria for injured elders. Acad Emerg Med. 2011;18:1014–21.

 49. Werman HA, Erskine T, Caterino J, et al. Development of statewide 
geriatric patients trauma triage criteria. Prehosp Disaster Med. 
2011;26:170–9.

 50. Callaway DW, Shapiro NI, Donnino MW, et al. Serum lactate and base 
deficit as predictors of mortality in normotensive elderly blunt trauma 
patients. J Trauma. 2009;66:1040–4.

 51. Salottolo KM, Mains CW, Offner PJ, et al. A retrospective analysis of 
geriatric trauma patients: venous lactate is a better predictor of mortal‑
ity than traditional vital signs. Scand J Trauma Resusc Emerg Med. 
2013;21:7.

 52. Neville AL, Nemtsev D, Manasrah R, et al. Mortality risk stratification in 
elderly trauma patients based on initial arterial lactate and base deficit 
levels. Am Surg. 2011;77:1337–41.

 53. Mock K, Keeley J, Moazzez A, et al. Predictors of mortality in trauma 
patients aged 80 years or older. Am Surg. 2016;82:926–9.

 54. Martin JT, Alkhoury F, O’Connor JA, et al. ‘Normal’ vital signs belie occult 
hypoperfusion in geriatric trauma patients. Am Surg. 2010;76:65–9.

 55. Merani S, Payne J, Padwal RS, et al. Predictors of in‑hospital mortality 
and complications in very elderly patients undergoing emergency 
surgery. World J Emerg Surg. 2014;9:43. https:// doi. org/ 10. 1186/ 
1749‑ 7922‑9‑ 43.

 56. Keller JM, Sciadini MF, Sinclair E, O’Toole RV. Geriatric trauma: demo‑
graphics, injuries, and mortality. J Orthop Trauma. 2012;26(9):e161–5. 
https:// doi. org/ 10. 1097/ BOT. 0b013 e3182 324460.

 57. Jacobs DG, Plaisier BR, Barie PS, Hammond JS, Holevar MR, Sinclair KE, 
Scalea TM, Wahl W; EAST Practice Management Guidelines Work Group. 
Practice management guidelines for geriatric trauma: the EAST Practice 
Management Guidelines Work Group. J Trauma. 2003;54(2):391–416. 
https:// doi. org/ 10. 1097/ 01. TA. 00000 42015. 54022. BE

 58. Kuhne CA, Ruchholtz S, Kaiser GM, Nast‑Kolb D; Working Group on 
Multiple Trauma of the German Society of Trauma. Mortality in severely 
injured elderly trauma patients—When does age become a risk 
factor? World J Surg. 2005;29(11):1476–82. https:// doi. org/ 10. 1007/ 
s00268‑ 005‑ 7796‑y

 59. Zhao FZ, Wolf SE, Nakonezny PA, Minhajuddin A, Rhodes RL, Paulk ME, 
Phelan HA. Estimating geriatric mortality after injury using age, injury 
severity, and performance of a transfusion: The Geriatric Trauma Out‑
come Score. J Palliat Med. 2015;18(8):677–81. https:// doi. org/ 10. 1089/ 
jpm. 2015. 0027.

 60. Cook AC, Joseph B, Inaba K, Nakonezny PA, Bruns BR, Kerby JD, Brasel 
KJ, Wolf SE, Cuschieri J, Paulk ME, Rhodes RL, Brakenridge SC, Phelan HA. 
Multicenter external validation of the Geriatric Trauma Outcome Score: 
A study by the Prognostic Assessment of Life and Limitations After 

https://doi.org/10.1016/s0305-4179(01)00009-2
https://doi.org/10.1016/s0305-4179(01)00009-2
https://doi.org/10.1097/00005373-200202000-00007
https://doi.org/10.1016/j.cger.2012.10.008
https://doi.org/10.1097/BOT.0000000000000615
https://doi.org/10.1097/BOT.0000000000000615
https://doi.org/10.1001/jamasurg.2014.296
https://doi.org/10.1001/jamasurg.2014.296
https://doi.org/10.1136/bmj.39489.470347.ad
http://www.east.org/resources/treatment-guidelines/geriatric-trauma-(update
http://www.east.org/resources/treatment-guidelines/geriatric-trauma-(update
https://doi.org/10.1097/TA.0000000000003062
https://doi.org/10.1186/1749-7922-9-43
https://doi.org/10.1186/1749-7922-9-43
https://doi.org/10.1097/BOT.0b013e3182324460
https://doi.org/10.1097/01.TA.0000042015.54022.BE
https://doi.org/10.1007/s00268-005-7796-y
https://doi.org/10.1007/s00268-005-7796-y
https://doi.org/10.1089/jpm.2015.0027
https://doi.org/10.1089/jpm.2015.0027


Page 50 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18 

Trauma in the Elderly (PALLIATE) consortium. J Trauma Acute Care Surg. 
2016;80(2):204–9. https:// doi. org/ 10. 1097/ TA. 00000 00000 000926.

 61. Ahl R, Phelan HA, Dogan S, Cao Y, Cook AC, Mohseni S. Predicting 
In‑Hospital and 1‑Year Mortality in Geriatric Trauma Patients Using Geri‑
atric Trauma Outcome Score. J Am Coll Surg. 2017;224(3):264–9. https:// 
doi. org/ 10. 1016/j. jamco llsurg. 2016. 12. 011.

 62. Ravindranath S, Ho KM, Rao S, Nasim S, Burrell M. Validation of the geri‑
atric trauma outcome scores in predicting outcomes of elderly trauma 
patients. Injury. 2021;52(2):154–9. https:// doi. org/ 10. 1016/j. injury. 2020. 
09. 056.

 63. Egglestone R, Sparkes D, Dushianthan A. Prediction of mortality in 
critically‑ill elderly trauma patients: a single centre retrospective obser‑
vational study and comparison of the performance of trauma scores. 
Scand J Trauma Resusc Emerg Med. 2020;28(1):95. https:// doi. org/ 10. 
1186/ s13049‑ 020‑ 00788‑9.

 64. Jiang L, Zheng Z, Zhang M. The incidence of geriatric trauma is increas‑
ing and comparison of different scoring tools for the prediction of 
in‑hospital mortality in geriatric trauma patients. World J Emerg Surg. 
2020;15(1):59. https:// doi. org/ 10. 1186/ s13017‑ 020‑ 00340‑1.

 65. Maduz R, Kugelmeier P, Meili S, Döring R, Meier C, Wahl P. Major influ‑
ence of interobserver reliability on polytrauma identification with 
the Injury Severity Score (ISS): time for a centralised coding in trauma 
registries? Injury. 2017;48(4):885–9. https:// doi. org/ 10. 1016/j. injury. 2017. 
02. 015.

 66. Scherer J, Kalbas Y, Ziegenhain F, Neuhaus V, Lefering R, Teuben M, 
Sprengel K, Pape HC, Jensen KO. The GERtality Score: the development 
of a simple tool to help predict in‑hospital mortality in geriatric trauma 
patients. J Clin Med. 2021;10(7):1362. https:// doi. org/ 10. 3390/ jcm10 
071362.

 67. Joseph B, Pandit V, Zangbar B, Kulvatunyou N, Tang A, O’Keeffe T, Green 
DJ, Vercruysse G, Fain MJ, Friese RS, Rhee P. Validating trauma‑specific 
frailty index for geriatric trauma patients: a prospective analysis. J Am 
Coll Surg. 2014;219(1):10‑17.e1. https:// doi. org/ 10. 1016/j. jamco llsurg. 
2014. 03. 020.

 68. Rickard F, Ibitoye S, Deakin H, Walton B, Thompson J, Shipway D, Braude 
P. The Clinical Frailty Scale predicts adverse outcome in older people 
admitted to a UK major trauma centre. Age Ageing. 2021;50(3):891–7. 
https:// doi. org/ 10. 1093/ ageing/ afaa1 80.

 69. Cheung A, Haas B, Ringer TJ, McFarlan A, Wong CL. Canadian Study 
of Health and Aging Clinical Frailty Scale: Does It Predict Adverse 
Outcomes among Geriatric Trauma Patients? J Am Coll Surg. 
2017;225(5):658‑665.e3. https:// doi. org/ 10. 1016/j. jamco llsurg. 2017. 08. 
008.

 70. Hamidi M, Haddadin Z, Zeeshan M, Saljuqi AT, Hanna K, Tang A, North‑
cutt A, Kulvatunyou N, Gries L, Joseph B. Prospective evaluation and 
comparison of the predictive ability of different frailty scores to predict 
outcomes in geriatric trauma patients. J Trauma Acute Care Surg. 
2019;87(5):1172–80. https:// doi. org/ 10. 1097/ TA. 00000 00000 002458.

 71. Matsushima K, Schaefer EW, Won EJ, Armen SB, Indeck MC, Soybel DI. 
Positive and negative volume‑outcome relationships in the geriatric 
trauma population. JAMA Surg. 2014;149(4):319–26. https:// doi. org/ 10. 
1001/ jamas urg. 2013. 4834.

 72. Sadro CT, Sandstrom CK, Verma N, Gunn ML. Geriatric Trauma: A Radi‑
ologist’s Guide to Imaging Trauma Patients Aged 65 Years and Older. 
Radiographics. 2015;35(4):1263–85. https:// doi. org/ 10. 1148/ rg. 20151 
40130.

 73. Samaras N, Chevalley T, Samaras D, Gold G. Older patients in the 
emergency department: a review. Ann Emerg Med. 2010;56(3):261–9. 
https:// doi. org/ 10. 1016/j. annem ergmed. 2010. 04. 015.

 74. Hashmi A, Ibrahim‑Zada I, Rhee P, Aziz H, Fain MJ, Friese RS, Joseph B. 
Predictors of mortality in geriatric trauma patients: a systematic review 
and meta‑analysis. J Trauma Acute Care Surg. 2014;76(3):894–901. 
https:// doi. org/ 10. 1097/ TA. 0b013 e3182 ab0763.

 75. Sammy I, Lecky F, Sutton A, Leaviss J, O’Cathain A. Factors affecting mor‑
tality in older trauma patients‑A systematic review and meta‑analysis. 
Injury. 2016;47(6):1170–83. https:// doi. org/ 10. 1016/j. injury. 2016. 02. 027.

 76. Wagner EH, Austin BT, Davis C, Hindmarsh M, Schaefer J, Bonomi A. 
Improving chronic illness care: translating evidence into action. Health 
Aff (Millwood). 2001;20(6):64–78. https:// doi. org/ 10. 1377/ hltha ff. 20.6. 64.

 77. Evans DC, Gerlach AT, Christy JM, Jarvis AM, Lindsey DE, Whitmill ML, Eif‑
erman D, Murphy CV, Cook CH, Beery PR 2nd, Steinberg SM, Stawicki SP. 

Pre‑injury polypharmacy as a predictor of outcomes in trauma patients. 
Int J Crit Illn Inj Sci. 2011;1(2):104–9. https:// doi. org/ 10. 4103/ 2229‑ 5151. 
84793.

 78. Evans DC, Cook CH, Christy JM, Murphy CV, Gerlach AT, Eiferman D, 
Lindsey DE, Whitmill ML, Papadimos TJ, Beery PR 2nd, Steinberg SM, 
Stawicki SP. Comorbidity‑polypharmacy scoring facilitates outcome 
prediction in older trauma patients. J Am Geriatr Soc. 2012;60(8):1465–
70. https:// doi. org/ 10. 1111/j. 1532‑ 5415. 2012. 04075.x.

 79. Victorino GP, Battistella FD, Wisner DH. Does tachycardia correlate with 
hypotension after trauma? J Am Coll Surg. 2003;196(5):679–84. https:// 
doi. org/ 10. 1016/ S1072‑ 7515(03) 00128‑5.

 80. Eastridge BJ, Salinas J, McManus JG, Blackburn L, Bugler EM, Cooke WH, 
Convertino VA, Wade CE, Holcomb JB. Hypotension begins at 110 mm 
Hg: redefining "hypotension" with data. J Trauma. 2007;63(2):291–7; 
discussion 297–9. https:// doi. org/ 10. 1097/ TA. 0b013 e3180 9ed924. 
Erratum in: J Trauma. 2008;65(2):501. Concertino, Victor A [corrected to 
Convertino, Victor A]

 81. Pandit V, Rhee P, Hashmi A, Kulvatunyou N, Tang A, Khalil M, O’Keeffe T, 
Green D, Friese RS, Joseph B. Shock index predicts mortality in geriatric 
trauma patients: an analysis of the National Trauma Data Bank. J Trauma 
Acute Care Surg. 2014;76(4):1111–5. https:// doi. org/ 10. 1097/ TA. 00000 
00000 000160.

 82. Kristensen AK, Holler JG, Hallas J, Lassen A, Shapiro NI. Is Shock Index 
a valid predictor of mortality in emergency department patients with 
hypertension, diabetes, high age, or receipt of β‑ or calcium channel 
blockers? Ann Emerg Med. 2016;67(1):106‑113.e6. https:// doi. org/ 10. 
1016/j. annem ergmed. 2015. 05. 020.

 83. Lai WH, Wu SC, Rau CS, Kuo PJ, Hsu SY, Chen YC, Hsieh HY, Hsieh CH. Sys‑
tolic blood pressure lower than heart rate upon arrival at and departure 
from the emergency department indicates a poor outcome for adult 
trauma patients. Int J Environ Res Public Health. 2016;13(6):528. https:// 
doi. org/ 10. 3390/ ijerp h1306 0528.

 84. Park SJ, Lee MJ, Kim C, Jung H, Kim SH, Nho W, Seo KS, Park J, Ryoo HW, 
Ahn JY, Moon S, Cho JW, Son SA. The impact of age and receipt antihy‑
pertensives to systolic blood pressure and shock index at injury scene 
and in the emergency department to predict massive transfusion in 
trauma patients. Scand J Trauma Resusc Emerg Med. 2021;29(1):26. 
https:// doi. org/ 10. 1186/ s13049‑ 021‑ 00840‑2.

 85. Oyetunji TA, Chang DC, Crompton JG, Greene WR, Efron DT, Haut ER, 
Cornwell EE 3rd, Haider AH. Redefining hypotension in the elderly: 
normotension is not reassuring. Arch Surg. 2011;146(7):865–9. https:// 
doi. org/ 10. 1001/ archs urg. 2011. 154.

 86. Sasser SM, Hunt RC, Faul M, Sugerman D, Pearson WS, Dulski T, Wald 
MM, Jurkovich GJ, Newgard CD, Lerner EB; Centers for Disease Control 
and Prevention (CDC). Guidelines for field triage of injured patients: 
recommendations of the National Expert Panel on Field Triage, 2011. 
MMWR Recomm Rep. 2012;61(RR‑1):1–20

 87. Brown JB, Gestring ML, Forsythe RM, Stassen NA, Billiar TR, Peitzman AB, 
Sperry JL. Systolic blood pressure criteria in the National Trauma Triage 
Protocol for geriatric trauma: 110 is the new 90. J Trauma Acute Care 
Surg. 2015;78(2):352–9. https:// doi. org/ 10. 1097/ TA. 00000 00000 000523.

 88. Schulman AM, Claridge JA, Young JS. Young versus old: factors affecting 
mortality after blunt traumatic injury. Am Surg. 2002;68(11):942–7; 
discussion 947–8

 89. McKinley BA, Marvin RG, Cocanour CS, Marquez A, Ware DN, Moore 
FA. Blunt trauma resuscitation: the old can respond. Arch Surg. 
2000;135(6):688–93; discussion 694–5. https:// doi. org/ 10. 1001/ archs 
urg. 135.6. 688

 90. Cerović O, Golubović V, Spec‑Marn A, Kremzar B, Vidmar G. Relationship 
between injury severity and lactate levels in severely injured patients. 
Intensive Care Med. 2003;29(8):1300–5. https:// doi. org/ 10. 1007/ 
s00134‑ 003‑ 1753‑8.

 91. Husain FA, Martin MJ, Mullenix PS, Steele SR, Elliott DC. Serum lactate 
and base deficit as predictors of mortality and morbidity. Am J Surg. 
2003;185(5):485–91. https:// doi. org/ 10. 1016/ s0002‑ 9610(03) 00044‑8.

 92. Neville AL, Nemtsev D, Manasrah R, Bricker SD, Putnam BA. Mortality risk 
stratification in elderly trauma patients based on initial arterial lactate 
and base deficit levels. Am Surg. 2011;77(10):1337–41.

 93. Bar‑Or D, Salottolo KM, Orlando A, Mains CW, Bourg P, Offner PJ. Asso‑
ciation between a geriatric trauma resuscitation protocol using venous 
lactate measurements and early trauma surgeon involvement and 

https://doi.org/10.1097/TA.0000000000000926
https://doi.org/10.1016/j.jamcollsurg.2016.12.011
https://doi.org/10.1016/j.jamcollsurg.2016.12.011
https://doi.org/10.1016/j.injury.2020.09.056
https://doi.org/10.1016/j.injury.2020.09.056
https://doi.org/10.1186/s13049-020-00788-9
https://doi.org/10.1186/s13049-020-00788-9
https://doi.org/10.1186/s13017-020-00340-1
https://doi.org/10.1016/j.injury.2017.02.015
https://doi.org/10.1016/j.injury.2017.02.015
https://doi.org/10.3390/jcm10071362
https://doi.org/10.3390/jcm10071362
https://doi.org/10.1016/j.jamcollsurg.2014.03.020
https://doi.org/10.1016/j.jamcollsurg.2014.03.020
https://doi.org/10.1093/ageing/afaa180
https://doi.org/10.1016/j.jamcollsurg.2017.08.008
https://doi.org/10.1016/j.jamcollsurg.2017.08.008
https://doi.org/10.1097/TA.0000000000002458
https://doi.org/10.1001/jamasurg.2013.4834
https://doi.org/10.1001/jamasurg.2013.4834
https://doi.org/10.1148/rg.2015140130
https://doi.org/10.1148/rg.2015140130
https://doi.org/10.1016/j.annemergmed.2010.04.015
https://doi.org/10.1097/TA.0b013e3182ab0763
https://doi.org/10.1016/j.injury.2016.02.027
https://doi.org/10.1377/hlthaff.20.6.64
https://doi.org/10.4103/2229-5151.84793
https://doi.org/10.4103/2229-5151.84793
https://doi.org/10.1111/j.1532-5415.2012.04075.x
https://doi.org/10.1016/S1072-7515(03)00128-5
https://doi.org/10.1016/S1072-7515(03)00128-5
https://doi.org/10.1097/TA.0b013e31809ed924
https://doi.org/10.1097/TA.0000000000000160
https://doi.org/10.1097/TA.0000000000000160
https://doi.org/10.1016/j.annemergmed.2015.05.020
https://doi.org/10.1016/j.annemergmed.2015.05.020
https://doi.org/10.3390/ijerph13060528
https://doi.org/10.3390/ijerph13060528
https://doi.org/10.1186/s13049-021-00840-2
https://doi.org/10.1001/archsurg.2011.154
https://doi.org/10.1001/archsurg.2011.154
https://doi.org/10.1097/TA.0000000000000523
https://doi.org/10.1001/archsurg.135.6.688
https://doi.org/10.1001/archsurg.135.6.688
https://doi.org/10.1007/s00134-003-1753-8
https://doi.org/10.1007/s00134-003-1753-8
https://doi.org/10.1016/s0002-9610(03)00044-8


Page 51 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18  

mortality risk. J Am Geriatr Soc. 2013;61(8):1358–64. https:// doi. org/ 10. 
1111/ jgs. 12365.

 94. Loftus TJ, Kannan KB, Carter CS, Plazas JM, Mira JC, Brakenridge SC, 
Leeuwenburgh C, Efron PA, Mohr AM. Persistent injury‑associated 
anemia and aging: Novel insights. J Trauma Acute Care Surg. 
2018;84(3):490–6. https:// doi. org/ 10. 1097/ TA. 00000 00000 001766.

 95. Calland JF, Ingraham AM, Martin N, Marshall GT, Schulman CI, Stapleton 
T, Barraco RD; Eastern Association for the Surgery of Trauma. Evaluation 
and management of geriatric trauma: an Eastern Association for the 
Surgery of Trauma practice management guideline. J Trauma Acute 
Care Surg. 2012;73(5 Suppl 4):S345–50. https:// doi. org/ 10. 1097/ TA. 
0b013 e3182 70191f

 96. Williams TM, Sadjadi J, Harken AH, Victorino GP. The necessity to 
assess anticoagulation status in elderly injured patients. J Trauma. 
2008;65(4):772–6; discussion 776–7. https:// doi. org/ 10. 1097/ TA. 0b013 
e3181 877ff7

 97. AlRawahi AN, AlHinai FA, Doig CJ, Ball CG, Dixon E, Xiao Z, Kirkpatrick 
AW. The prognostic value of serum procalcitonin measurements in 
critically injured patients: a systematic review. Crit Care. 2019;23(1):390. 
https:// doi. org/ 10. 1186/ s13054‑ 019‑ 2669‑1.

 98. Ostrowski SR, Sørensen AM, Larsen CF, Johansson PI. Thrombelastog‑
raphy and biomarker profiles in acute coagulopathy of trauma: a pro‑
spective study. Scand J Trauma Resusc Emerg Med. 2011;19:64. https:// 
doi. org/ 10. 1186/ 1757‑ 7241‑ 19‑ 64.

 99. Williams DM, Hodge A, Catino J, DiMaggio C, Marshall G, Ayoung‑Chee 
P, Frangos S, Bukur M. Correlation of thromboelastography with con‑
ventional coagulation testing in elderly trauma patients on pre‑existing 
blood thinning medications. Am J Surg. 2018;216(5):874–80. https:// doi. 
org/ 10. 1016/j. amjsu rg. 2018. 06. 017.

 100. Royal College of Radiologists. Standards of practice and guidance for 
trauma radiology in severely injured patients, second edition. 2015. 
Accessed on Sept 25th 2021. https:// www. rcr. ac. uk/ publi cation/ stand 
ards‑ pract ice‑ and‑ guida nce‑ trauma‑ radio logy‑ sever ely‑ injur ed‑ patie 
nts‑ second

 101. Atinga A, Shekkeris A, Fertleman M, Batrick N, Kashef E, Dick E. Trauma 
in the elderly patient. Br J Radiol. 2018;91(1087):20170739. https:// doi. 
org/ 10. 1259/ bjr. 20170 739.

 102. Rathlev NK, Medzon R, Lowery D, Pollack C, Bracken M, Barest G, Wolf‑
son AB, Hoffman JR, Mower WR. Intracranial pathology in elders with 
blunt head trauma. Acad Emerg Med. 2006;13(3):302–7. https:// doi. org/ 
10. 1197/j. aem. 2005. 10. 015.

 103. Mack LR, Chan SB, Silva JC, Hogan TM. The use of head computed 
tomography in elderly patients sustaining minor head trauma. J Emerg 
Med. 2003;24(2):157–62. https:// doi. org/ 10. 1016/ s0736‑ 4679(02) 
00714‑x.

 104. Callaway DW, Wolfe R. Geriatric trauma. Emerg Med Clin North Am. 
2007;25(3):837–60. https:// doi. org/ 10. 1016/j. emc. 2007. 06. 005.

 105. Ohm C, Mina A, Howells G, Bair H, Bendick P. Effects of antiplatelet 
agents on outcomes for elderly patients with traumatic intracranial 
hemorrhage. J Trauma. 2005;58(3):518–22. https:// doi. org/ 10. 1097/ 01. 
ta. 00001 51671. 35280. 8b.

 106. Menditto VG, Lucci M, Polonara S, Pomponio G, Gabrielli A. Manage‑
ment of minor head injury in patients receiving oral anticoagulant 
therapy: a prospective study of a 24‑hour observation protocol. Ann 
Emerg Med. 2012;59(6):451–5. https:// doi. org/ 10. 1016/j. annem ergmed. 
2011. 12. 003.

 107. Ehara S, Shimamura T. Cervical spine injury in the elderly: imaging 
features. Skeletal Radiol. 2001;30(1):1–7. https:// doi. org/ 10. 1007/ s0025 
60000 300.

 108. Lomoschitz FM, Blackmore CC, Mirza SK, Mann FA. Cervical spine inju‑
ries in patients 65 years old and older: epidemiologic analysis regarding 
the effects of age and injury mechanism on distribution, type, and 
stability of injuries. AJR Am J Roentgenol. 2002;178(3):573–7. https:// 
doi. org/ 10. 2214/ ajr. 178.3. 17805 73.

 109. Bub LD, Blackmore CC, Mann FA, Lomoschitz FM. Cervical spine frac‑
tures in patients 65 years and older: a clinical prediction rule for blunt 
trauma. Radiology. 2005;234(1):143–9. https:// doi. org/ 10. 1148/ radiol. 
23410 31692.

 110. Cothren CC, Moore EE, Ray CE Jr, Johnson JL, Moore JB, Burch JM. 
Cervical spine fracture patterns mandating screening to rule out blunt 

cerebrovascular injury. Surgery. 2007;141(1):76–82. https:// doi. org/ 10. 
1016/j. surg. 2006. 04. 005.

 111. Parizel PM, van der Zijden T, Gaudino S, Spaepen M, Voormolen 
MH, Venstermans C, De Belder F, van den Hauwe L, Van Goethem J. 
Trauma of the spine and spinal cord: imaging strategies. Eur Spine J. 
2010;19(Suppl 1):S8‑17. https:// doi. org/ 10. 1007/ s00586‑ 009‑ 1123‑5.

 112. Sawa J, Green RS, Thoma B, Erdogan M, Davis PJ. Risk factors for adverse 
outcomes in older adults with blunt chest trauma: a systematic review. 
CJEM. 2018;20(4):614–22. https:// doi. org/ 10. 1017/ cem. 2017. 377.

 113. Bergeron E, Lavoie A, Clas D, Moore L, Ratte S, Tetreault S, Lemaire J, 
Martin M. Elderly trauma patients with rib fractures are at greater risk of 
death and pneumonia. J Trauma. 2003;54(3):478–85. https:// doi. org/ 10. 
1097/ 01. TA. 00000 37095. 83469. 4C.

 114. Unsworth A, Curtis K, Asha SE. Treatments for blunt chest trauma and 
their impact on patient outcomes and health service delivery. Scand 
J Trauma Resusc Emerg Med. 2015;23:17. https:// doi. org/ 10. 1186/ 
s13049‑ 015‑ 0091‑5.

 115. Livingston DH, Shogan B, John P, Lavery RF. CT diagnosis of Rib 
fractures and the prediction of acute respiratory failure. J Trauma. 
2008;64(4):905–11. https:// doi. org/ 10. 1097/ TA. 0b013 e3181 668ad7.

 116. Alrajab S, Youssef AM, Akkus NI, Caldito G. Pleural ultrasonography 
versus chest radiography for the diagnosis of pneumothorax: review of 
the literature and meta‑analysis. Crit Care. 2013;17(5):R208. https:// doi. 
org/ 10. 1186/ cc130 16.

 117. Ding W, Shen Y, Yang J, He X, Zhang M. Diagnosis of pneumotho‑
rax by radiography and ultrasonography: a meta‑analysis. Chest. 
2011;140(4):859–66. https:// doi. org/ 10. 1378/ chest. 10‑ 2946.

 118. Netherton S, Milenkovic V, Taylor M, Davis PJ. Diagnostic accuracy of 
eFAST in the trauma patient: a systematic review and meta‑analysis. 
CJEM. 2019;21(6):727–38. https:// doi. org/ 10. 1017/ cem. 2019. 381.

 119. Chan KK, Joo DA, McRae AD, Takwoingi Y, Premji ZA, Lang E, Wakai A. 
Chest ultrasonography versus supine chest radiography for diagnosis 
of pneumothorax in trauma patients in the emergency department. 
Cochrane Database Syst Rev. 2020;7(7):CD013031. https:// doi. org/ 10. 
1002/ 14651 858. CD013 031. pub2.

 120. Stengel D, Leisterer J, Ferrada P, Ekkernkamp A, Mutze S, Hoenning 
A. Point‑of‑care ultrasonography for diagnosing thoracoabdominal 
injuries in patients with blunt trauma. Cochrane Database Syst Rev. 
2018;12(12):CD012669. https:// doi. org/ 10. 1002/ 14651 858. CD012 669. 
pub2.

 121. Staub LJ, Biscaro RRM, Kaszubowski E, Maurici R. Chest ultrasonography 
for the emergency diagnosis of traumatic pneumothorax and haemo‑
thorax: a systematic review and meta‑analysis. Injury. 2018;49(3):457–
66. https:// doi. org/ 10. 1016/j. injury. 2018. 01. 033.

 122. Dwyer CR, Scifres AM, Stahlfeld KR, Corcos AC, Ziembicki JA, Sum‑
mers JI, Peitzman AB, Billiar TR, Sperry JL. Radiographic assessment 
of ground‑level falls in elderly patients: Is the "PAN‑SCAN" overdoing 
it? Surgery. 2013;154(4):816–20; discussion 820–2. https:// doi. org/ 10. 
1016/j. surg. 2013. 07. 015

 123. Arruzza E, Chau M, Dizon J. Systematic review and meta‑analysis of 
whole‑body computed tomography compared to conventional radio‑
logical procedures of trauma patients. Eur J Radiol. 2020;129: 109099. 
https:// doi. org/ 10. 1016/j. ejrad. 2020. 109099.

 124. Coccolini F, Stahel PF, Montori G, Biffl W, Horer TM, Catena F, Kluger Y, 
Moore EE, Peitzman AB, Ivatury R, Coimbra R, Fraga GP, Pereira B, Rizoli S, 
Kirkpatrick A, Leppaniemi A, Manfredi R, Magnone S, Chiara O, Solaini L, 
Ceresoli M, Allievi N, Arvieux C, Velmahos G, Balogh Z, Naidoo N, Weber 
D, Abu‑Zidan F, Sartelli M, Ansaloni L. Pelvic trauma: WSES classification 
and guidelines. World J Emerg Surg. 2017;12:5. https:// doi. org/ 10. 1186/ 
s13017‑ 017‑ 0117‑6.

 125. Costantini TW, Coimbra R, Holcomb JB, Podbielski JM, Catalano R, 
Blackburn A, Scalea TM, Stein DM, Williams L, Conflitti J, Keeney S, 
Suleiman G, Zhou T, Sperry J, Skiada D, Inaba K, Williams BH, Minei JP, 
Privette A, Mackersie RC, Robinson BR, Moore FO; AAST Pelvic Fracture 
Study Group. Current management of hemorrhage from severe pelvic 
fractures: Results of an American Association for the Surgery of Trauma 
multi‑institutional trial. J Trauma Acute Care Surg. 2016;80(5):717–23; 
discussion 723–5. https:// doi. org/ 10. 1097/ TA. 00000 00000 001034

 126. Kimbrell BJ, Velmahos GC, Chan LS, Demetriades D. Angiographic 
embolization for pelvic fractures in older patients. Arch Surg. 

https://doi.org/10.1111/jgs.12365
https://doi.org/10.1111/jgs.12365
https://doi.org/10.1097/TA.0000000000001766
https://doi.org/10.1097/TA.0b013e318270191f
https://doi.org/10.1097/TA.0b013e318270191f
https://doi.org/10.1097/TA.0b013e3181877ff7
https://doi.org/10.1097/TA.0b013e3181877ff7
https://doi.org/10.1186/s13054-019-2669-1
https://doi.org/10.1186/1757-7241-19-64
https://doi.org/10.1186/1757-7241-19-64
https://doi.org/10.1016/j.amjsurg.2018.06.017
https://doi.org/10.1016/j.amjsurg.2018.06.017
https://www.rcr.ac.uk/publication/standards-practice-and-guidance-trauma-radiology-severely-injured-patients-second
https://www.rcr.ac.uk/publication/standards-practice-and-guidance-trauma-radiology-severely-injured-patients-second
https://www.rcr.ac.uk/publication/standards-practice-and-guidance-trauma-radiology-severely-injured-patients-second
https://doi.org/10.1259/bjr.20170739
https://doi.org/10.1259/bjr.20170739
https://doi.org/10.1197/j.aem.2005.10.015
https://doi.org/10.1197/j.aem.2005.10.015
https://doi.org/10.1016/s0736-4679(02)00714-x
https://doi.org/10.1016/s0736-4679(02)00714-x
https://doi.org/10.1016/j.emc.2007.06.005
https://doi.org/10.1097/01.ta.0000151671.35280.8b
https://doi.org/10.1097/01.ta.0000151671.35280.8b
https://doi.org/10.1016/j.annemergmed.2011.12.003
https://doi.org/10.1016/j.annemergmed.2011.12.003
https://doi.org/10.1007/s002560000300
https://doi.org/10.1007/s002560000300
https://doi.org/10.2214/ajr.178.3.1780573
https://doi.org/10.2214/ajr.178.3.1780573
https://doi.org/10.1148/radiol.2341031692
https://doi.org/10.1148/radiol.2341031692
https://doi.org/10.1016/j.surg.2006.04.005
https://doi.org/10.1016/j.surg.2006.04.005
https://doi.org/10.1007/s00586-009-1123-5
https://doi.org/10.1017/cem.2017.377
https://doi.org/10.1097/01.TA.0000037095.83469.4C
https://doi.org/10.1097/01.TA.0000037095.83469.4C
https://doi.org/10.1186/s13049-015-0091-5
https://doi.org/10.1186/s13049-015-0091-5
https://doi.org/10.1097/TA.0b013e3181668ad7
https://doi.org/10.1186/cc13016
https://doi.org/10.1186/cc13016
https://doi.org/10.1378/chest.10-2946
https://doi.org/10.1017/cem.2019.381
https://doi.org/10.1002/14651858.CD013031.pub2
https://doi.org/10.1002/14651858.CD013031.pub2
https://doi.org/10.1002/14651858.CD012669.pub2
https://doi.org/10.1002/14651858.CD012669.pub2
https://doi.org/10.1016/j.injury.2018.01.033
https://doi.org/10.1016/j.surg.2013.07.015
https://doi.org/10.1016/j.surg.2013.07.015
https://doi.org/10.1016/j.ejrad.2020.109099
https://doi.org/10.1186/s13017-017-0117-6
https://doi.org/10.1186/s13017-017-0117-6
https://doi.org/10.1097/TA.0000000000001034


Page 52 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18 

2004;139(7):728–32; discussion 732–3. https:// doi. org/ 10. 1001/ archs 
urg. 139.7. 728

 127. Cullinane DC, Schiller HJ, Zielinski MD, Bilaniuk JW, Collier BR, Como J, 
Holevar M, Sabater EA, Sems SA, Vassy WM, Wynne JL. Eastern Associa‑
tion for the Surgery of Trauma practice management guidelines for 
hemorrhage in pelvic fracture–update and systematic review. J Trauma. 
2011;71(6):1850–68. https:// doi. org/ 10. 1097/ TA. 0b013 e3182 3dca9a.

 128. Velmahos GC, Toutouzas KG, Vassiliu P, Sarkisyan G, Chan LS, Hanks 
SH, Berne TV, Demetriades D. A prospective study on the safety and 
efficacy of angiographic embolization for pelvic and visceral injuries. 
J Trauma. 2002;53(2):303–8; discussion 308. https:// doi. org/ 10. 1097/ 
00005 373‑ 20020 8000‑ 00019

 129. Juern JS, Milia D, Codner P, Beckman M, Somberg L, Webb T, Weigelt JA. 
Clinical significance of computed tomography contrast extravasation in 
blunt trauma patients with a pelvic fracture. J Trauma Acute Care Surg. 
2017;82(1):138–40. https:// doi. org/ 10. 1097/ TA. 00000 00000 001305.

 130. Lou X, Lu G, Zhao M, Jin P. Preoperative fluid management in traumatic 
shock: A retrospective study for identifying optimal therapy of fluid 
resuscitation for aged patients. Medicine (Baltimore). 2018;97(8): e9966. 
https:// doi. org/ 10. 1097/ MD. 00000 00000 009966.

 131. Demetriades D, Karaiskakis M, Velmahos G, Alo K, Newton E, Murray 
J, Asensio J, Belzberg H, Berne T, Shoemaker W. Effect on outcome of 
early intensive management of geriatric trauma patients. Br J Surg. 
2002;89(10):1319–22. https:// doi. org/ 10. 1046/j. 1365‑ 2168. 2002. 02210.x.

 132. Bradburn E, Rogers FB, Krasne M, Rogers A, Horst MA, Beelen MJ, Miller 
JA. High‑risk geriatric protocol: improving mortality in the elderly. J 
Trauma Acute Care Surg. 2012;73(2):435–40. https:// doi. org/ 10. 1097/ TA. 
0b013 e3182 5c7cf4.

 133. Ohmori T, Kitamura T, Ishihara J, Onishi H, Nojima T, Yamamoto K, 
Tamura R, Muranishi K, Matsumoto T, Tokioka T. Early predictors for 
massive transfusion in older adult severe trauma patients. Injury. 
2017;48(5):1006–12. https:// doi. org/ 10. 1016/j. injury. 2016. 12. 028.

 134. Chen J, Ou‑Yang J, Xie G, et al. Problems and challenges: development 
of blood transfusion services in mainland China within the context of 
health‑care system reform. Transfus Med. 2019;29(4):253–61. https:// 
doi. org/ 10. 1111/ tme. 12618].

 135. Bellal J, Mazhar M, Harrison C, et al. Assessing the efficacy of prothrom‑
bin complex concentrate in multiply injured patients‑with high energy 
pelvic and extremity fractures. Orthop Trauma. 2016;30:653–7.

 136. Mador B, Nascimento B, Hollands S, et al. Blood transfusion and coagu‑
lopathy in geriatric trauma patients. Scand J Trauma Resusc Emerg 
Med. 2017;25:33. https:// doi. org/ 10. 1186/ s13049‑ 017‑ 0374‑0.

 137. Simon GI, Craswell A, Thom O, Fung YL. Outcomes of restrictive versus 
liberal transfusion strategies in older adults from nine randomized con‑
trolled trials: a systematic review and meta‑analysis. Lancet Haemotol. 
2017

 138. Scher CS. Trauma and transfusion in the geriatric patient. Curr Opin 
Anaesthesiol. 2018;31(2):238–42. https:// doi. org/ 10. 1097/ ACO. 00000 
00000 000556.

 139. Cap A. P., Beckett A., Benov A., et al. Whole blood transfusion. Military 
Medicine. 2018;183(suppl_2):44–51. https:// doi. org/ 10. 1093/ milmed/ 
usy120]. Jennings, Lindsey K., and Simon Watson. "Massive transfusion." 
StatPearls [Internet] (2021).

 140. Li D, Zhang W, Wei X. Effect of massive transfusion protocol on coagulation 
function in elderly patients with multiple injuries. Comput Math Methods 
Med. 2021;2021:2204542. https:// doi. org/ 10. 1155/ 2021/ 22045 42.

 141. Scarpelini S, Rhind SG, Nascimento B, Tien H, Shek PN, Peng H, et al. 
Normal range values for thromboelastography in healthy adult volun‑
teers. Braz J Med Biol Res. 2009;42(12):1210–7.

 142. Roeloffzen WW, Kluin‑Nelemans HC, Mulder AB, Veeger NJ, Bos‑
man L, de Wolf JTM. In normal controls, both age and gender affect 
coagulability as measured by thrombelastography. Anesth Analg. 
2010;110(4):987–94. https:// doi. org/ 10. 1213/ ANE. 0b013 e3181 d31e91.

 143. Boldt J, Haisch G, Kumle B, Brosch C, Lehmann A, Werling C. Does 
coagulation differ between elderly and younger patients undergoing 
cardiac surgery? Intensive Care Med. 2002;28(4):466–71. https:// doi. org/ 
10. 1007/ s00134‑ 002‑ 1234‑5.

 144. Kim CJ, Ryu KH, Park SC, Lee J. Perioperative changes in thromboelasto‑
gram in elderly patients receiving major orthopedic surgery. Korean J 
Anes. 2006;50(4):422–7. https:// doi. org/ 10. 4097/ kjae. 2006. 50.4. 422.].

 145. Rossaint R, Afshari A, Bouillon B, et al. The European guideline on man‑
agement of major bleeding and coagulopathy following trauma: Crit 
Care. 2023;27:80. https:// doi. org/ 10. 1186/ s13054‑ 023‑ 04327‑7.

 146. Fairman R, Rombeau JL. Physiologic problems in the elderly surgical 
patient. In: Miller TA, Rowlands BJ, editors. Physiologic basis of modern 
surgical care. St Louis (MO): CV Mosby; 1988. p. 1108–17].

 147. Schultz RJ, Whitfield GF, La Mura JJ, Raciti A, Krishnamurthy S. The role of 
physiologic monitoring in patients with fractures of the hip. J Trauma. 
1985;25:309–16.

 148. Davis JW Kaups KL. Base deficit in the elderly: a marker of severe injury 
and death. J

 149. McNelis J, Marini CP, Jurkiewicz A, et al. Prolonged lactate clearance is 
associated with increased mortality in the surgical intensive care unit. 
Am J Surg. 2001;182:481–5.

 150. Porter JM, Ivatury RR. In search of the optimal end points of resuscita‑
tion in trauma patients: a review. J Trauma. 1998;44:908–14.

 151. Perdue PW, Watts DD, Kaufmann CR, Trask AL. Differences in mortality 
between elderly and younger adult trauma patients: geriatric status 
increases risk of delayed death. J Trauma. 1998;45:805–10.

 152. Pellicane JV, Byrne K, DeMaria EJ. Preventable complications and death 
from multiple organ failure among geriatric trauma victims. J Trauma. 
1992;33:440–4.

 153. Ferrada P, Evans D, Wolfe L, Anand RJ, Vanguri P, Mayglothling J, Whelan 
J, Malhotra A, Goldberg S, Duane T, Aboutanos M, Ivatury RR. Findings 
of a randomized controlled trial using limited transthoracic echocar‑
diogram (LTTE) as a hemodynamic monitoring tool in the trauma bay. J 
Trauma Acute Care Surg. 2014;76(1):31–7; discussion 37–8. https:// doi. 
org/ 10. 1097/ TA. 0b013 e3182 a74ad9.

 154. Cleveland EM, Warren YE, Shenoy R, Lewis MR, Cunningham KW, Wang 
H, Huynh TT, Brintzenhoff RA. Critical care ultrasound in geriatric trauma 
resuscitation leads to decreased fluid administration and ventilator 
days. J Trauma Acute Care Surg. 2021;91(4):612–20. https:// doi. org/ 10. 
1097/ TA. 00000 00000 003359.

 155. Richards, Justin E. MD*; Harris, Tim MD†,‡; Dünser, Martin W. MD§; 
Bouzat, Pierre MD, PhD‖; Gauss, Tobias MD¶. Vasopressors in Trauma: 
A Never Event?. Anesthesia & Analgesia 133(1):68–79 2021. https:// doi. 
org/ 10. 1213/ ANE. 00000 00000 005552.

 156. Van Haren RM, Thorson CM, Valle EJ, et al. Vasopressor use during 
emergency trauma surgery. Am SurgTM. 2014;80(5):472–8. https:// doi. 
org/ 10. 1177/ 00031 34814 08000 518].

 157. Johansson PI, Sørensen AM, Perner A, Welling KL, Wanscher M, Larsen 
CF, Ostrowski SR. Elderly trauma patients have high circulating 
noradrenaline levels but attenuated release of adrenaline, platelets, 
and leukocytes in response to increasing injury severity. Crit Care Med. 
2012;40(6):1844–50. https:// doi. org/ 10. 1097/ CCM. 0b013 e3182 3e9d15.

 158. Uchida K, Nishimura T, Hagawa N, Kaga S, Noda T, Shinyama N, Yama‑
moto H, Mizobata Y. The impact of early administration of vasopressor 
agents for the resuscitation of severe hemorrhagic shock following 
blunt trauma. BMC Emerg Med. 2020;20(1):26. https:// doi. org/ 10. 1186/ 
s12873‑ 020‑ 00322‑1.

 159. Singer KE, Kodali RA, Wallen TE, Salvator A, Pritts TA, Droege CA, Good‑
man MD. The association of norepinephrine utilization with mortality 
risk in trauma patients. J Surg Res. 2022;280:234–40. https:// doi. org/ 10. 
1016/j. jss. 2022. 06. 042.

 160. Cardinale M, Cungi PJ, Esnault P, Nguyen C, Cotte J, Montcriol A, Prunet 
B, Bordes J, Renard A, Meaudre E. Impact of high‑dose norepinephrine 
during intra‑hospital damage control resuscitation of traumatic haem‑
orrhagic shock: a propensity‑score analysis. Injury. 2020;51(5):1164–71. 
https:// doi. org/ 10. 1016/j. injury. 2019. 11. 037.

 161. Holmes CL, Landry DW, Granton JT. Science review: vasopressin and the 
cardiovascular system part 2: clinical physiology. Crit Care. 2004;8(1):15–
23. https:// doi. org/ 10. 1186/ cc2338.

 162. Landry DW, Oliver JA. The pathogenesis of vasodilatory shock. N Engl J 
Med. 2001;345(8):588–95. https:// doi. org/ 10. 1056/ NEJMr a0027 09.

 163. Gauss T, Gayat E, Harrois A, et al; TraumaBase Group; Prehospital 
Traumabase Group Ile de France, SAMU=Service d’Aide Médicale 
Urgente. Effect of early use of noradrenaline on in‑hospital mortality in 
haemorrhagic shock after major trauma: a propensity‑score analysis. Br 
J Anaesth. 2018;120:1237–1244

https://doi.org/10.1001/archsurg.139.7.728
https://doi.org/10.1001/archsurg.139.7.728
https://doi.org/10.1097/TA.0b013e31823dca9a
https://doi.org/10.1097/00005373-200208000-00019
https://doi.org/10.1097/00005373-200208000-00019
https://doi.org/10.1097/TA.0000000000001305
https://doi.org/10.1097/MD.0000000000009966
https://doi.org/10.1046/j.1365-2168.2002.02210.x
https://doi.org/10.1097/TA.0b013e31825c7cf4
https://doi.org/10.1097/TA.0b013e31825c7cf4
https://doi.org/10.1016/j.injury.2016.12.028
https://doi.org/10.1111/tme.12618]
https://doi.org/10.1111/tme.12618]
https://doi.org/10.1186/s13049-017-0374-0
https://doi.org/10.1097/ACO.0000000000000556
https://doi.org/10.1097/ACO.0000000000000556
https://doi.org/10.1093/milmed/usy120
https://doi.org/10.1093/milmed/usy120
https://doi.org/10.1155/2021/2204542
https://doi.org/10.1213/ANE.0b013e3181d31e91
https://doi.org/10.1007/s00134-002-1234-5
https://doi.org/10.1007/s00134-002-1234-5
https://doi.org/10.4097/kjae.2006.50.4.422.]
https://doi.org/10.1186/s13054-023-04327-7
https://doi.org/10.1097/TA.0b013e3182a74ad9
https://doi.org/10.1097/TA.0b013e3182a74ad9
https://doi.org/10.1097/TA.0000000000003359
https://doi.org/10.1097/TA.0000000000003359
https://doi.org/10.1213/ANE.0000000000005552
https://doi.org/10.1213/ANE.0000000000005552
https://doi.org/10.1177/000313481408000518]
https://doi.org/10.1177/000313481408000518]
https://doi.org/10.1097/CCM.0b013e31823e9d15
https://doi.org/10.1186/s12873-020-00322-1
https://doi.org/10.1186/s12873-020-00322-1
https://doi.org/10.1016/j.jss.2022.06.042
https://doi.org/10.1016/j.jss.2022.06.042
https://doi.org/10.1016/j.injury.2019.11.037
https://doi.org/10.1186/cc2338
https://doi.org/10.1056/NEJMra002709


Page 53 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18  

 164. Cohn SM, McCarthy J, Stewart RM, Jonas RB, Dent DL, Michalek JE. 
Impact of low‑dose vasopressin on trauma outcome: prospective 
randomized study. World J Surg. 2011;35:430–9.

 165. Sims CA, Holena D, Kim P, et al. Effect of low‑dose supplementation of 
arginine vasopressin on need for blood product transfusions in patients 
with trauma and hemorrhagic shock: a randomized clinical trial. JAMA 
Surg. 2019;154:994–1003.

 166. Harrois A, Hamada SR, Duranteau J. Fluid resuscitation and vasopressors 
in severe trauma patients. Curr Opin Crit Care. 2014;20(6):632–7. https:// 
doi. org/ 10. 1097/ MCC. 00000 00000 000159.

 167. Friese RS, Shafi S, Gentilello LM. Pulmonary artery catheter use is 
associated with reduced mortality in severely injured patients: a 
National Trauma Data Bank analysis of 53,312 patients. Crit Care Med. 
2006;34(6):1597–601. https:// doi. org/ 10. 1097/ 01. CCM. 00002 17918. 
03343. AA.

 168. Kanji HD, McCallum J, Sirounis D, MacRedmond R, Moss R, Boyd JH. 
Limited echocardiography‑guided therapy in subacute shock is associ‑
ated with change in management and improved outcomes. J Crit Care. 
2014;29(5):700–5. https:// doi. org/ 10. 1016/j. jcrc. 2014. 04. 008.

 169. Plural DS, Talving P, Lam L, Inaba K, Green D, Demetriades D. Early 
vasopressor use in critical injury is associated with mortality independ‑
ent from volume status. J Trauma. 2011;71(3):565–70; discussion 570–2. 
https:// doi. org/ 10. 1097/ TA. 0b013 e3182 213d52

 170. Sperry JL, Minei JP, Frankel HL, West MA, Harbrecht BG, Moore EE, Maier 
RV, Nirula R. Early use of vasopressors after injury: caution before con‑
striction. J Trauma. 2008;64(1):9–14. https:// doi. org/ 10. 1097/ TA. 0b013 
e3181 5dd029.

 171. Mouncey PR, Richards‑Belle A, Thomas K, Harrison DA, Sadique MZ, 
Grieve RD, Camsooksai J, Darnell R, Gordon AC, Henry D, Hudson N, 
Mason AJ, Saull M, Whitman C, Young JD, Lamontagne F, Rowan KM, 65 
trial investigators. Reduced exposure to vasopressors through permis‑
sive hypotension to reduce mortality in critically ill people aged 65 and 
over: the 65 RCT. Health Technol Assess. 2021;25(14):1–90. https:// doi. 
org/ 10. 3310/ hta25 140

 172. Bulger EM, Jurkovich GJ, Gentilello LM, Maier RV. Current clinical 
options for the treatment and management of acute respiratory dis‑
tress syndrome. J Trauma. 2000;48(3):562–72. https:// doi. org/ 10. 1097/ 
00005 373‑ 20000 3000‑ 00037.

 173. Ely EW, Shintani A, Truman B, et al. Delirium as a predictor of mortality 
in mechanically ventilated patients in the intensive care unit. JAMA. 
2004;291(14):1753–62. https:// doi. org/ 10. 1001/ jama. 291. 14. 1753.

 174. Inouye SK, Westendorp RG, Saczynski JS. Delirium in elderly people. 
Lancet. 2014;383(9920):911–22. https:// doi. org/ 10. 1016/ S0140‑ 6736(13) 
60688‑1.

 175. Leslie DL, Marcantonio ER, Zhang Y, Leo‑Summers L, Inouye SK. One‑
year health care costs associated with delirium in the elderly popula‑
tion. Arch Intern Med. 2008;168(1):27–32. https:// doi. org/ 10. 1001/ archi 
ntern med. 2007.4.

 176. Witlox J, Eurelings LSM, de Jonghe JFM, Kalisvaart KJ, Eikelenboom P, 
van Gool WA. Delirium in elderly patients and the risk of postdischarge 
mortality, institutionalization, and dementia: a meta‑analysis. JAMA. 
2010;304(4):443–51. https:// doi. org/ 10. 1001/ jama. 2010. 1013].

 177. Ormseth CH, LaHue SC, Oldham MA, Josephson SA, Whitaker E, Doug‑
las VC. Predisposing and precipitating factors associated with delirium: 
a systematic review. JAMA Netw Open. 2023;6(1): e2249950. https:// doi. 
org/ 10. 1001/ jaman etwor kopen. 2022. 49950.

 178. Neerland BE, Krogseth M, Juliebø V, Hylen Ranhoff A, Engedal K, 
Frihagen F, Ræder J, Bruun Wyller T, Watne LO. Perioperative hemo‑
dynamics and risk for delirium and new onset dementia in hip 
fracture patients; a prospective follow‑up study. PLoS ONE. 2017;12(7): 
e0180641. https:// doi. org/ 10. 1371/ journ al. pone. 01806 41.

 179. Radinovic K, Markovic Denic L, Milan Z, Cirkovic A, Baralic M, Bumbasi‑
revic V. Impact of intraoperative blood pressure, blood pressure fluctua‑
tion, and pulse pressure on postoperative delirium in elderly patients 
with hip fracture: a prospective cohort study. Injury. 2019;50(9):1558–
64. https:// doi. org/ 10. 1016/j. injury. 2019. 06. 026.

 180. Wang G, Zhang L, Qi Y, Chen G, Zhou J, Zhu H, Hao Y. Development 
and validation of a postoperative delirium prediction model for 
elderly orthopedic patients in the Intensive Care Unit. J Healthc Eng. 
2021;2021:9959077. https:// doi. org/ 10. 1155/ 2021/ 99590 77.

 181. Lee A, Mu JL, Joynt GM, Chiu CH, Lai VKW, Gin T, Underwood MJ. Risk 
prediction models for delirium in the intensive care unit after cardiac 
surgery: a systematic review and independent external validation. Br J 
Anaesth. 2017;118(3):391–9. https:// doi. org/ 10. 1093/ bja/ aew476.

 182. Li GH, Zhao L, Lu Y, Wang W, Ma T, Zhang YX, Zhang H. Development 
and validation of a risk score for predicting postoperative delirium after 
major abdominal surgery by incorporating preoperative risk factors and 
surgical Apgar score. J Clin Anesth. 2021;75: 110408. https:// doi. org/ 10. 
1016/j. jclin ane. 2021. 110408.

 183. Xiong X, Chen D, Shi J. Comment on: “Development and validation of a 
risk score for predicting postoperative delirium after major abdominal 
surgery by incorporating preoperative risk factors and surgical Apgar 
score.” J Clin Anesth. 2021;75: 110511. https:// doi. org/ 10. 1016/j. jclin ane. 
2021. 110511.

 184. Santry HP, Madore JC, Collins CE, et al. Variations in the imple‑ menta‑
tion of acute care surgery: results from a national survey of university‑
affiliated hospitals. J Trauma Acute Care Surg. 2015;78(1):60–7.

 185. Kobayashi L, Barmparas G, Bosarge P, et al. AAST Multicenter Prospec‑
tive Observational Study of Trauma Patients on Novel Oral Anticoagu‑
lants Study Group. Novel oral anticoagulants and trauma: The results 
of a prospective American Association for the Surgery of Trauma Multi‑
Institutional Trial. J Trauma Acute Care Surg. 2017;82(5):827–35.

 186. Brohi K, Singh J, Heron M, Coats T. Acute traumatic coagulopathy. J 
Trauma. 2003;54(6):1127–30.

 187. Spahn DR, Bouillon B, Cerny V, et al. The European guideline on man‑
agement of major bleeding and coagulopathy following trauma: fifth 
edition. Crit Care. 2019;23:98.

 188. Palaiodimos L, Miles J, Kokkinidis DG, Barkolias C, Jonnalagadda AK, 
Papaconstantinou D, Frountzas M, Misiakos EP, Schizas D. Reversal of 
novel anticoagulants in emergent surgery and trauma: a comprehen‑
sive review and proposed management algorithm. Curr Pharm Des. 
2018;24(38):4540–53.

 189. Ansell J, Hirsh J, Dalen J, Bussey H, Anderson D, Poller L, Jacobson A, 
Deykin D, Matchar D. Managing oral anticoagulant therapy. Chest. 
2001;119(1 Suppl):22S‑38S.

 190. Spinler SA, Nutescu EA, Smythe MA, Wittkowsky AK. Anticoagulation 
monitoring part 1: warfarin and parenteral direct thrombin inhibitors. 
Ann Pharmacother. 2005;39(6):1049–55.

 191. Eichinger S. Reversing vitamin K antagonists: making the old new again. 
Hematol Am Soc Hematol Educ Program. 2016;2016(1):605–11.

 192. Bussey H, Francis JL. Heparin Consensus Group. Heparin overview and 
issues Pharmacotherapy. 2004;24(8 Pt 2):103S‑107S.

 193. Spinler SA, Wittkowsky AK, Nutescu EA, Smythe MA. Anticoagulation 
monitoring part 2: Unfractionated heparin and low‑molecular‑weight 
heparin. Ann Pharmacother. 2005;39(7–8):1275–85.

 194. Eikelboom JW, Hirsh J. Monitoring unfractionated heparin with the 
aPTT: Time for a fresh look. Thromb Haemost. 2006;96:547–52.

 195. Gouin‑Thibaut I, Martin‑Toutain I, Peynaud‑Debayle E, Marion S, Napol 
P, Alhenc‑Gelas M. Monitoring unfractionated heparin with APTT: A 
French collaborative study comparing sensitivity to heparin of 15 APTT 
reagents. Thromb Res. 2012;129:666–7.

 196. Coons JC, Iasella CJ, Thornberg M, Fitzmaurice MG, Goehring K, Jablon‑
ski L, Leader D, Meyer A, Seo H, Benedict NJ, et al. Clinical outcomes 
with unfractionated heparin monitored by anti‑factor Xa vs. activated 
partial thromboplastin time. Am J Hematol. 2019;94:1015–9.

 197. Zehnder J, Price E, Jin J. Controversies in heparin monitoring. Am J 
Hematol. 2012;87:S137–40.

 198. McRae HL, Militello L, Refaai MA. Updates in anticoagulation therapy 
monitoring. Biomedicines. 2021;9:262.

 199. Gosselin RC, Adcock DM. The laboratory’s 2015 perspective on direct 
oral anticoagulant testing. J Thromb Haemost. 2016;14:886–93.

 200. Gosselin RC, Adcock DM, Bates SM, et al. International Council for 
Standardization in Haematology (ICSH) recommendations for labo‑ 
ratory measurement of direct oral anticoagulants. Thromb Haemost. 
2018;118(3):437–50.

 201. Douxfils J, Gosselin RC. Laboratory assessment of direct oral anti‑coagu‑
lants. Semin Thromb Hemost. 2017;43(3):277–90.

 202. Cuker A, Siegal DM, Crowther MA, Garcia DA. Laboratory measurement 
of the anticoagulant activity of the non‑vitamin K oral anticoagulants. J 
Am Coll Cardiol. 2014;64(11):1128–39.

https://doi.org/10.1097/MCC.0000000000000159
https://doi.org/10.1097/MCC.0000000000000159
https://doi.org/10.1097/01.CCM.0000217918.03343.AA
https://doi.org/10.1097/01.CCM.0000217918.03343.AA
https://doi.org/10.1016/j.jcrc.2014.04.008
https://doi.org/10.1097/TA.0b013e3182213d52
https://doi.org/10.1097/TA.0b013e31815dd029
https://doi.org/10.1097/TA.0b013e31815dd029
https://doi.org/10.3310/hta25140
https://doi.org/10.3310/hta25140
https://doi.org/10.1097/00005373-200003000-00037
https://doi.org/10.1097/00005373-200003000-00037
https://doi.org/10.1001/jama.291.14.1753
https://doi.org/10.1016/S0140-6736(13)60688-1
https://doi.org/10.1016/S0140-6736(13)60688-1
https://doi.org/10.1001/archinternmed.2007.4
https://doi.org/10.1001/archinternmed.2007.4
https://doi.org/10.1001/jama.2010.1013]
https://doi.org/10.1001/jamanetworkopen.2022.49950
https://doi.org/10.1001/jamanetworkopen.2022.49950
https://doi.org/10.1371/journal.pone.0180641
https://doi.org/10.1016/j.injury.2019.06.026
https://doi.org/10.1155/2021/9959077
https://doi.org/10.1093/bja/aew476
https://doi.org/10.1016/j.jclinane.2021.110408
https://doi.org/10.1016/j.jclinane.2021.110408
https://doi.org/10.1016/j.jclinane.2021.110511
https://doi.org/10.1016/j.jclinane.2021.110511


Page 54 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18 

 203. Mueck W, Stampfuss J, Kubitza D, Becka M. Clinical pharmacokinetic 
and pharmacodynamic profile of rivaroxaban. Clin Pharmacokinet. 
2014;53(1):1–16.

 204. Gosselin RC, Gosselin R, Douxfils J, Adcock D. Clinical pearls: laboratory 
assessments of direct oral anticoagulants (DOACS). Hamostaseologie. 
2017. https:// doi. org/ 10. 5482/ HAMO‑ 17‑ 01‑ 0002.

 205. Samuelson BT, Cuker A. Measurement and reversal of the direct oral 
anticoagulants. Blood Rev. 2017;31:77–84.

 206. Frost C, Nepal S, Wang J, et al. Safety, pharmacokinetics and pharma‑
codynamics of multiple oral doses of apixaban, a factor Xa inhibitor, in 
healthy subjects. Br J Clin Pharmacol. 2013;76(5):776–86.

 207. Douxfils J, Mullier F, Robert S, Chatelain C, Chatelain B, Dogné JM. 
Impact of dabigatran on a large panel of routine or specific coagula‑
tion assays. Laboratory recommendations for monitoring of dabigatran 
etexilate. Thromb Haemost. 2012;107:985–97.

 208. Samama MM, Martinoli JL, Le Flem L, et al. Assessment of laboratory 
assays to measure rivaroxaban—An oral, direct factor Xa inhibitor. 
Thromb Haemost. 2010;103:815–25.

 209. Ali JT, Daley MJ, Vadiei N, Enright Z, Nguyen J, Ali S, Aydelotte JD, Teix‑
eira PG, Coopwood TB, Brown CV, et al. Thromboelastogram does not 
detect pre‑injury anticoagulation in acute trauma patients. Am J Emerg 
Med. 2017;35:632–6.

 210. Lindhoff‑Last E, Ansell J, Spiro T, Samama MM. Laboratory test‑ ing of 
rivaroxaban in routine clinical practice: when, how, and which assays. 
Ann Med. 2013;45(5–6):423–9.

 211. Burn J, Pirmohamed M. Direct oral anticoagulants versus warfarin: Is 
new always better than the old? Open Heart. 2018;5: e000712.

 212. Douxfils J, Ageno W, Samama CM, Lessire S, Cate HT, Verhamme P, 
Dogné JM, Mullier F. Laboratory testing in patients treated with direct 
oral anticoagulants: a practical guide for clinicians. J Thromb Haemost. 
2018;16(2):209–19.

 213. Favaloro EJ, Lippi G. Laboratory testing in the era of direct or nonvita‑
min K antagonist oral anticoagulants: a practical guide to measuring 
their activity and avoiding diagnostic errors. Semin Thromb Hemost. 
2015;41:208–27.

 214. Tripodi A, Padovan L, Testa S, et al. How the direct oral anticoagulant 
apixaban affects hemostatic parameters. Results of a multicenter multi‑
platform study. Clin Chem Lab Med. 2015;53:265–73.

 215. Douxfils J, Chatelain C, Chatelain B, Dogné JM, Mullier F. Impact of 
apixaban on routine and specific coagulation assays: a practical labora‑
tory guide. Thromb Haemost. 2013;110:283–94.

 216. Gosselin RC, Adcock DM, Douxfils J. An update on laboratory assess‑
ment for direct oral anticoagulants (DOACs). Int J Lab Hematol. 
2019;41(Suppl 1):33–9.

 217. Kobayashi LM, Brito A, Barmparas G, Bosarge P, Brown CV, Bukur M, 
Carrick MM, Catalano RD, Holly‑Nicolas J, Inaba K, Kaminski S, Klein 
AL, Kopelman T, Ley EJ, Martinez EM, Moore FO, Murry J, Nirula R, Paul 
D, Quick J, Rivera O, Schreiber M, Coimbra R. Laboratory measures of 
coagulation among trauma patients on NOAs: results of the AAST‑MIT. 
Trauma Surg Acute Care Open. 2018;3(1): e000231.

 218. Avecilla ST, Ferrell C, Chandler WL, et al. Plasma‑diluted thrombin time 
to measure dabi‑ gatran concentrations during dabigatran etexilate 
therapy. Am J Clin Pathol. 2012;137:572–4.

 219. Dager WE, Gosselin RC, Kitchen S, et al. Dabigatran effects on the 
international normalized ratio, activated partial thromboplastin time, 
thrombin time, and fibrinogen: a multicenter, in vitro study. Ann Phar‑
macother. 2012;46:1627–36.

 220. Harenberg J, Giese C, Marx S, et al. Determination of dabigatran in 
human plasma samples. Semin Thromb Hemost. 2012;38:16–22.

 221. Stangier J, Feuring M. Using the HEMOCLOT direct thrombin inhibitor 
assay to determine plasma concentrations of dabigatran. Blood Coagul 
Fibrinolysis. 2012;23:138–43.

 222. Antovic JP, Skeppholm M, Eintrei J, et al. Evaluation of coagulation 
assays versus LC‑MS/MS for determinations of dabigatran concentra‑
tions in plasma. Eur J Clin Pharmacol. 2013;69:1875–81.

 223. Gosselin RC, Dwyre DM, Dager WE. Measuring dabigatran concentra‑
tions using a chromogenic ecarin clotting time assay. Ann Pharmaco‑
ther. 2013;47:1635–40.

 224. Holcomb JB, Minei KM, Scerbo ML, Radwan ZA, Wade CE, Kozar RA, Gill 
BS, Albarado R, McNutt MK, Khan S, et al. Admission rapid thrombelas‑
tography can replace conventional coagulation tests in the emergency 

department: experience with 1974 consecutive trauma patients. Ann 
Surg. 2012;256:476–86.

 225. Grottke O, van Ryn J, Spronk H, et al. Prothrombin complex concen‑
trates and a specific antidote (aDabi‑Fab) are effective ex‑vivo in 
reversing the effects of dabigatran in an anticoagulation/liver trauma 
experimental model. Crit Care. 2014;18(1):R27.

 226. van Ryn J, Grottke O, Spronk H. Measurement of dabigatran in stand‑
ardly used clinical assays, whole blood viscoelastic coagulation, and 
thrombin generation assays. Clin Lab Med. 2014;34(3):479–501.

 227. Dias JD, Norem K, Doorneweerd DD, Thurer RL, Popovsky MA, Omert 
LA. Use of Thromboelastography (TEG) for Detection of New Oral 
Anticoagulants. Arch Pathol Lab Med. 2015;139(5):665–73.

 228. Bliden KP, Chaudhary R, Mohammed N, et al. Determination of 
non‑vitamin K oral anticoagulant (NOAC) effects using a ew‑gener‑
ation thrombelastography TEG 6s system. J Thromb Thrombolysis. 
2017;43(4):437–45.

 229. Seyve L, Richarme C, Polack B, Marlu R. Impact of four direct oral antico‑
agulants on rotational thromboelastometry (ROTEM). Int J Lab Hematol. 
2018;40(1):84–93.

 230. Harenberg J, Schreiner R, Hetjens S, Weiss C. Detecting Anti‑IIa and 
Anti‑Xa direct oral anticoagulant (DOAC) agents in urine using a DOAC 
dipstick. Semin Thromb Hemost. 2019;45(3):275–84.

 231. Lip GYH, Andreotti F, Fauchier L, Huber K, Hylek E, Knight E, et al. Bleed‑
ing risk assessment and management in atrial fibrillation patients: a 
position document from the European Heart Rhythm Association, 
endorsed by the European Society of Cardiology Working Group on 
Thrombosis. EP Europace. 2011;13(5):723–46.

 232. LaDuke ZJ, Hecht JP, Cain‑Nielsen AH, Hemmila MR, Wahl WL. 
Association of mortality among trauma patients taking preinjury 
direct oral anticoagulants versus vitamin K antagonists. Surgery. 
2019;166(4):564–71.

 233. Ang D, Kurek S, McKenney M, Norwood S, Kimbrell B, Barquist E, et al. 
Outcomes of geriatric trauma patients on preinjury anticoagulation: a 
multicenter study. Am Surg. 2017;83(6):527–35.

 234. Collins CE, Witkowski ER, Flahive JM, Anderson FA Jr, Santry HP. Effect 
of preinjury warfarin use on outcomes after head trauma in Medicare 
beneficiaries. Am J Surg. 2014;208(4):544‑9.e1.

 235. Wiegele M, Schöchl H, Haushofer A, Ortler M, Leitgeb J, Kwasny O, 
et al. Diagnostic and therapeutic approach in adult patients with 
traumatic brain injury receiving oral anticoagulant therapy: an Austrian 
interdisciplinary consensus statement. Crit Care (London, England). 
2019;23(1):62.

 236. Holbrook A, Schulman S, Witt DM, Vandvik PO, Fish J, Kovacs MJ, et al. 
Evidence‑based management of anticoagulant therapy: Antithrom‑
botic Therapy and Prevention of Thrombosis, 9th ed: American College 
of Chest Physicians Evidence‑Based Clinical Practice Guidelines. Chest. 
2012;141(2 Suppl):e152S – e184.

 237. Spahn DR, Bouillon B, Cerny V, Duranteau J, Filipescu D, Hunt BJ, et al. 
The European guideline on management of major bleeding and 
coagulopathy following trauma: fifth edition. Crit Care (London, Eng‑
land). 2019;23(1):98.

 238. Keeling D, Baglin T, Tait C, Watson H, Perry D, Baglin C, et al. Guidelines 
on oral anticoagulation with warfarin: fourth edition. Br J Haematol. 
2011;154(3):311–24.

 239. Schulman S, Kearon C. Definition of major bleeding in clinical investiga‑
tions of antihemostatic medicinal products in non‑surgical patients. J 
Thrombosis Haemostasis: JTH. 2005;3(4):692–4.

 240. Ivascu FA, Howells GA, Junn FS, Bair HA, Bendick PJ, Janczyk RJ. Rapid 
warfarin reversal in anticoagulated patients with traumatic intracranial 
hemorrhage reduces hemorrhage progression and mortality. J Trauma. 
2005;59(5):1131–7; discussion 7–9.

 241. Coimbra R, Hoyt DB, Anjaria DJ, Potenza BM, Fortlage D, Hollingsworth‑
Fridlund P. Reversal of anticoagulation in trauma: a North‑American 
survey on clinical practices among trauma surgeons.

 242. Held C, Hylek EM, Alexander JH, Hanna M, Lopes RD, Wojdyla DM, et al. 
Clinical outcomes and management associated with major bleeding 
in patients with atrial fibrillation treated with apixaban or warfarin: 
insights from the ARISTOTLE trial. Eur Heart J. 2015;36(20):1264–72.

 243. Beyer‑Westendorf J, Förster K, Pannach S, Ebertz F, Gelbricht V, 
Thieme C, et al. Rates, management, and outcome of rivaroxaban 

https://doi.org/10.5482/HAMO-17-01-0002


Page 55 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18  

bleeding in daily care: results from the Dresden NOAC registry. Blood. 
2014;124(6):955–62.

 244. Pernod G, Godiér A, Gozalo C, Tremey B, Sié P. French clinical practice 
guidelines on the management of patients on vitamin K antagonists 
in at‑risk situations (overdose, risk of bleeding, and active bleeding). 
Thromb Res. 2010;126(3):e167–74.

 245. Ageno W, Gallus AS, Wittkowsky A, Crowther M, Hylek EM, Palareti G. 
Oral anticoagulant therapy: Antithrombotic Therapy and Prevention of 
Thrombosis, 9th ed: American College of Chest Physicians Evidence‑
Based Clinical Practice Guidelines. Chest. 2012;141(2 Suppl):e44S‑e88S.

 246. Steiner T, Poli S, Griebe M, Hüsing J, Hajda J, Freiberger A, et al. Fresh 
frozen plasma versus prothrombin complex concentrate in patients 
with intracranial haemorrhage related to vitamin K antagonists (INCH): 
a randomised trial. Lancet Neurol. 2016;15(6):566–73.

 247. Goldstein JN, Refaai MA, Milling TJ Jr, Lewis B, Goldberg‑Alberts R, Hug 
BA, et al. Four‑factor prothrombin complex concentrate versus plasma 
for rapid vitamin K antagonist reversal in patients needing urgent surgi‑
cal or invasive interventions: a phase 3b, open‑label, non‑inferiority, 
randomised trial. Lancet (London, England). 2015;385(9982):2077–87.

 248. Sarode R, Milling TJ Jr, Refaai MA, Mangione A, Schneider A, Durn BL, 
et al. Efficacy and safety of a 4‑factor prothrombin complex concen‑
trate in patients on vitamin K antagonists presenting with major bleed‑
ing: a randomized, plasma‑controlled, phase IIIb study. Circulation. 
2013;128(11):1234–43.

 249. Chai‑Adisaksopha C, Hillis C, Siegal DM, Movilla R, Heddle N, Iorio A, 
et al. Prothrombin complex concentrates versus fresh frozen plasma for 
warfarin reversal. A systematic review and meta‑analysis. Thrombosis 
Haemostasis. 2016;116(5):879–90.

 250. Pabinger I, Brenner B, Kalina U, Knaub S, Nagy A, Ostermann H. 
Prothrombin complex concentrate (Beriplex P/N) for emergency 
anticoagulation reversal: a prospective multinational clinical trial. J 
Thrombosis Haemostasis: JTH. 2008;6(4):622–31.

 251. Joseph B, Aziz H, Pandit V, Hays D, Kulvatunyou N, Yousuf Z, et al. 
Prothrombin complex concentrate versus fresh‑frozen plasma for 
reversal of coagulopathy of trauma: is there a difference? World J Surg. 
2014;38(8):1875–81.

 252. Jehan F, Aziz H, O’Keeffe T, Khan M, Zakaria ER, Hamidi M, et al. The 
role of four‑factor prothrombin complex concentrate in coagulopathy 
of trauma: a propensity matched analysis. J Trauma Acute Care Surg. 
2018;85(1):18–24.

 253. Johansen M, Wikkelsø A, Lunde J, Wetterslev J, Afshari A. Prothrombin 
complex concentrate for reversal of vitamin K antagonist treatment 
in bleeding and non‑bleeding patients. Cochrane Database Syst Rev. 
2015;2015(7):CD010555.

 254. Yanamadala V, Walcott BP, Fecci PE, Rozman P, Kumar JI, Nahed BV, 
et al. Reversal of warfarin associated coagulopathy with 4‑factor 
prothrombin complex concentrate in traumatic brain injury and intrac‑
ranial hemorrhage. J Clin Neurosci: Off J Neurosurg Soc Australasia. 
2014;21(11):1881–4.

 255. Edavettal M, Rogers A, Rogers F, Horst M, Leng W. Prothrombin complex 
concentrate accelerates international normalized ratio reversal and 
diminishes the extension of intracranial hemorrhage in geriatric trauma 
patients. Am Surg. 2014;80(4):372–6.

 256. Quick JA, Bartels AN, Coughenour JP, Barnes SL. Experience with pro‑
thrombin complex for the emergent reversal of anticoagulation in rural 
geriatric trauma patients. Surgery. 2012;152(4):722–6; discussion 6–8.

 257. Chacko B, Peter JV, Subramani K. Reversal of Anticoagulants in Critical 
Care. Indian J Crit Care Med. 2019;23(Suppl 3):S221–5.

 258. Jones GM, Erdman MJ, Smetana KS, Mohrien KM, Vandigo JE, Elijovich L. 
3‑Factor versus 4‑Factor prothrombin complex concentrate for warfarin 
reversal in severe bleeding: a multicenter, retrospective, propensity‑
matched pilot study. J Thromb Thrombolysis. 2016;42(1):19–26.

 259. Safaoui MN, Aazami R, Hotz H, Wilson MT, Margulies DR. A promis‑
ing new alternative for the rapid reversal of warfarin coagulopathy in 
traumatic intracranial hemorrhage. Am J Surg. 2009;197(6):785–90.

 260. Joseph B, Amini A, Friese RS, Houdek M, Hays D, Kulvatunyou N, et al. 
Factor IX complex for the correction of traumatic coagulopathy. J 
Trauma Acute Care Surg. 2012;72(4):828–34.

 261. Tran HA, Chunilal SD, Harper PL, Tran H, Wood EM, Gallus AS. An 
update of consensus guidelines for warfarin reversal. Med J Aust. 
2013;198(4):198–9.

 262. Mangram A, Oguntodu OF, Dzandu JK, Hollingworth AK, Hall S, Cung 
C, et al. Is there a difference in efficacy, safety, and cost‑effectiveness 
between 3‑factor and 4‑factor prothrombin complex concen‑
trates among trauma patients on oral anticoagulants? J Crit Care. 
2016;33:252–6.

 263. Guest JF, Watson HG, Limaye S. Modeling the cost‑effectiveness of 
prothrombin complex concentrate compared with fresh frozen plasma 
in emergency warfarin reversal in the United Kingdom. Clin Ther. 
2010;32(14):2478–93.

 264. Pautas E, Peyron I, Bouhadiba S, Golmard J‑L, Gouronnec A, Oboa 
N, et al. Reversal of overanticoagulation in very elderly hospitalized 
patients with an INR above 5.0: 24‑hour INR response after vitamin K 
administration. Am J Med. 2011;124(6):527–33.

 265. Hunt BJ, Levi M. Urgent reversal of vitamin K antagonists. BMJ (Clinical 
research ed). 2018;360: j5424.

 266. Britt RB, Brown JN. Characterizing the severe reactions of parenteral 
vitamin K1. Clin Appl Thrombosis/Hemostasis. 2018;24(1):5–12.

 267. Mehringer SL, Klick Z, Bain J, McNeely EB, Subramanian S, Pass LJ, et al. 
Activated Factor 7 versus 4‑Factor prothrombin complex concen‑
trate for critical bleeding post‑cardiac surgery. Ann Pharmacother. 
2018;52(6):533–7.

 268. Cuker A, Burnett A, Triller D, et al. Reversal of direct oral anticoagu‑
lants: Guidance from the Anticoagulation Forum. Am J Hematol. 
2019;94:697–709. https:// doi. org/ 10. 1002/ ajh. 25475].

 269. Milling TJ Jr, Ziebell CM. A review of oral anticoagulants, old and new, 
in major bleeding and the need for urgent surgery. Trends Cardiovasc 
Med. 2020;30(2):86–90. https:// doi. org/ 10. 1016/j. tcm. 2019. 03. 004.

 270. Ko D, Lin KJ, Bessette LG, et al. Trends in use of oral anticoagulants in 
older adults with newly diagnosed atrial fibrillation, 2010–2020. JAMA 
Netw Open. 2022;5(11): e2242964. https:// doi. org/ 10. 1001/ jaman etwor 
kopen. 2022. 42964.

 271. January C, Wann L, Alpert J, Calkins H, Cigarroa J, Cleveland JJ, et al. 
AHA/ACC/HRS guideline for the management of patients with atrial 
fibrillation: executive summary: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guide‑
lines and the Heart Rhythm Society. Circulation. 2014;130:2071–104. 
https:// doi. org/ 10. 1161/ CIR. 00000 00000 000040].

 272. American Heart Association Statistics Committee and Stroke 
Statistics Subcommittee. Heart disease and stroke statistics‑2015 
update: a report from the American Heart Association. Circulation. 
2015;131:e29–322.

 273. Niessner A, Tamargo J, Morais J, et al. Reversal strategies for non‑vitamin 
K antagonist oral anticoagulants: a critical appraisal of available evi‑
dence and recommendations for clinical management – a joint posi‑
tion paper of the European Society of Cardiology Working Group on 
Cardiovascular Pharmacotherapy and European Society of Cardiology 
Working Group on Thrombosis. Eur Heart J. 2017;38:1710–6. https:// doi. 
org/ 10. 1093/ eurhe artj/ ehv676].

 274. Linkins LA, Choi PT, Douketis JD. Clinical impact of bleeding in patients 
taking oral anticoagulant therapy for venous thromboembolism: a 
meta‑analysis. Ann Intern Med. 2003;139:893–900. https:// doi. org/ 10. 
7326/ 0003‑ 4819‑ 139‑ 11‑ 20031 2020‑ 000079].

 275. Schulman S, Kearon C. Definition of major bleeding in clinical investiga‑
tions of antihemostatic medicinal products in non‑surgical patients. J 
Thromb Haemost. 2005;3(4):692–4. https:// doi. org/ 10. 1111/j. 1538‑ 7836. 
2005. 01204.x.

 276. Chai‑Adisaksopha C, Hillis C, Isayama T, Lim W, Iorio A, Crowther M. 
Mortality outcomes in patients receiving direct oral anticoagulants: a 
systematic review and meta‑analysis of randomized controlled trials. J 
Thromb Haemost. 2015;13:2012–20.

 277. Xu Y, Schulman S, Dowlatshahi D, Holbrook AM, et al. bleeding 
effected by direct Oral anticoagulants (BLED‑AC) study group. Chest. 
2017;152:81–91.

 278. Idarucizumab prescribing information. https:// docs. boehr inger‑ ingel 
heim. com/ Presc ribing% 20Inf ormat ion/ PIs/ Praxb ind/ Praxb ind. pdf. 
Accessed December 20, 2018; Andexanet alfa prescribing informa‑
tion. https:// www. andex xa. com/ wp‑ conte nt/ uploa ds/ 2016/ 07/ Andex 
anetPI_ V5. pdf Accessed December 20, 2018.

 279. Crowther M, Cuker A. How to reverse bleeding in patients on direct 
oral anticoagulants? Kardiol Pol. 2018. https:// doi. org/ 10. 5603/ KP. a2018. 
0197.

https://doi.org/10.1002/ajh.25475]
https://doi.org/10.1016/j.tcm.2019.03.004
https://doi.org/10.1001/jamanetworkopen.2022.42964
https://doi.org/10.1001/jamanetworkopen.2022.42964
https://doi.org/10.1161/CIR.0000000000000040]
https://doi.org/10.1093/eurheartj/ehv676]
https://doi.org/10.1093/eurheartj/ehv676]
https://doi.org/10.7326/0003-4819-139-11-200312020-000079]
https://doi.org/10.7326/0003-4819-139-11-200312020-000079]
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://docs.boehringer-ingelheim.com/Prescribing%20Information/PIs/Praxbind/Praxbind.pdf
https://docs.boehringer-ingelheim.com/Prescribing%20Information/PIs/Praxbind/Praxbind.pdf
https://www.andexxa.com/wp-content/uploads/2016/07/AndexanetPI_V5.pdf
https://www.andexxa.com/wp-content/uploads/2016/07/AndexanetPI_V5.pdf
https://doi.org/10.5603/KP.a2018.0197
https://doi.org/10.5603/KP.a2018.0197


Page 56 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18 

 280. Pollack CV Jr, Reilly PA, van Ryn J, Eikelboom JW, Glund S, Bernstein RA, 
Dubiel R, Huisman MV, Hylek EM, Kam CW, Kamphuisen PW, Kreuzer J, 
Levy JH, Royle G, Sellke FW, Stangier J, Steiner T, Verhamme P, Wang B, 
Young L, Weitz JI. Idarucizumab for Dabigatran Reversal ‑ Full cohort 
analysis. N Engl J Med. 2017;377(5):431–41. https:// doi. org/ 10. 1056/ 
NEJMo a1707 278.

 281. Connolly SJ, Crowther M, Eikelboom JW, et al. ANNEXA‑4 Investigators. 
Full study report of andexanet alfa for bleeding associated with factor 
Xa inhibitors. N Engl J Med. 2019;380(14):1326–35.

 282. Demchuk AM, Yue P, Zotova E, Nakamya J, Xu L, Milling TJ Jr, Ohara T, 
Goldstein JN, Middeldorp S, Verhamme P, Lopez‑Sendon JL, Conley 
PB, Curnutte JT, Eikelboom JW, Crowther M, Connolly SJ. ANNEXA‑4 
Investigators. Hemostatic Efficacy and Anti‑FXa (Factor Xa) Reversal 
with Andexanet Alfa in Intracranial Hemorrhage: ANNEXA‑4 Substudy. 
Stroke. 2021;52(6):2096–105. https:// doi. org/ 10. 1161/ STROK EAHA. 120. 
030565.

 283. Shaw JR, Siegal DM. Pharmacological reversal of the direct oral 
anticoagulants—A comprehensive review of the literature. Res Pract 
Thromb Haemost. 2018;2(2):251–65.

 284. Majeed A, Ågren A, Holmström M, et al. Management of rivaroxaban 
or apixaban‑associated major bleeding with prothrombin complex 
concentrates: a cohort study. Blood. 2017;130(15):1706–12.

 285. Schulman S, Gross PL, Ritchie B, et al. Study Investigators. Prothrombin 
complex concentrate for major bleeding on factor Xa inhibitors: a 
prospective cohort study. Thromb Haemost. 2018;118(5):842–51.

 286. Cohen AT, Lewis M, Connor A, Connolly SJ, Yue P, Curnutte J, Alikhan R, 
MacCallum P, Tan J, Green L. Thirty‑day mortality with andexanet alfa 
compared with prothrombin complex concentrate therapy for life‑
threatening direct oral anticoagulant‑related bleeding. J Am Coll Emerg 
Physicians Open. 2022;3(2): e12655. https:// doi. org/ 10. 1002/ emp2. 
12655.

 287. Parsels KA, Seabury RW, Zyck S, Miller CD, Krishnamurthy S, Darko W, 
Probst LA, Latorre JG, Cwikla GM, Feldman EA. Andexanet alfa effective‑
ness and safety versus four‑factor prothrombin complex concentrate 
(4F‑PCC) in intracranial haemorrhage while on apixaban or rivaroxaban: 
a single‑centre, retrospective, matched cohort analysis. Am J Emerg 
Med. 2022;55:16–9.

 288. Kaide CG, Gulseth MP. Current strategies for the management of bleed‑
ing associated with direct oral anticoagulants and a review of investiga‑
tional reversal agents. J Emerg Med. 2020;58(2):217–33. https:// doi. org/ 
10. 1016/j. jemer med. 2019. 10. 011.

 289. Cuker A, Siegal D. Monitoring and reversal of direct oral anticoagulants. 
Hematology Am Soc Hematol Educ Program. 2015;2015:117–24.

 290. Samuelson BT, Cuker A, Siegal DM, et al. Laboratory assessment of the 
anticoagulant activity of direct oral anticoagulants: a systematic review. 
Chest. 2017;151:127–38.

 291. Pavoni V, Gianesello L, Conti D, Ballo P, Dattolo P, Prisco D, Gorlinger K. 
“In less than no time”: feasibility of rotational thromboelastometry to 
detect anticoagulant drugs activity and to guide reversal therapy. J Clin 
Med. 2022;11(5):1407.

 292. White K, Faruqi U, Cohen AAT. New agents for DOAC reversal: a practical 
management review. Br J Cardiol. 2022;29(1):1. https:// doi. org/ 10. 5837/ 
bjc. 2022. 001.

 293. Chaudhary R, Singh A, Chaudhary R, et al. Evaluation of direct oral 
anticoagulant reversal agents in intracranial hemorrhage: a systematic 
review and meta‑analysis. JAMA Netw Open. 2022;5(11): e2240145. 
https:// doi. org/ 10. 1001/ jaman etwor kopen. 2022. 40145.

 294. Moia M, Squizzato A. Reversal agents for oral anticoagulant‑associated 
major or life‑threatening bleeding. Intern Emerg Med. 2019;14(8):1233–
9. https:// doi. org/ 10. 1007/ s11739‑ 019‑ 02177‑2.

 295. Luchette FA, Borzotta AP, Croce MA, O’Neill PA, Whittmann DH, Mul‑
lins CD, Palumbo F, Pasquale MD. Practice management guidelines 
for prophylactic antibiotic use in penetrating abdominal trauma: 
the EAST Practice Management Guidelines Work Group. J Trauma. 
2000;48(3):508–18. https:// doi. org/ 10. 1097/ 00005 373‑ 20000 
3000‑ 00024.

 296. The CRASH‑2 Collaborators: Effects of tranexamic acid on death, vas‑
cular occlusive events, and blood transfusion in trauma patients with 
significant haemorrhage (CRASH‑2): a randomised, placebo‑controlled 
trial. Lancet. 2010, 376 (9734): 23–32

 297. The CRASH‑2 collaborators: the importance of early treatment with 
tranexamic acid in bleeding trauma patients: an exploratory analysis of 
the CRASH‑2 randomised controlled trial. Lancet. 2011, 377: 1096–1101.

 298. Butt MU, Zacharias N, Velmahos GC. Penetrating abdominal injuries: 
management controversies. Scand J Trauma Resusc Emerg Med. 
2009;17:19. https:// doi. org/ 10. 1186/ 1757‑ 7241‑ 17‑ 19.

 299. Kirton OC, O’Neill PA, Kestner M, Tortella BJ. Perioperative antibiotic use 
in high‑risk penetrating hollow viscus injury: a prospective rand‑
omized, double‑blind, placebo‑control trial of 24 hours versus 5 days. 
J Trauma. 2000;49(5):822–32. https:// doi. org/ 10. 1097/ 00005 373‑ 20001 
1000‑ 00006.

 300. Brand M, Grieve A. Prophylactic antibiotics for penetrating abdominal 
trauma. Cochrane Database Syst Rev. 2019;12(12):CD007370. https:// 
doi. org/ 10. 1002/ 14651 858. CD007 370. pub4.

 301. Herrod PJ, Boyd‑Carson H, Doleman B, Blackwell J, Williams JP, Bhalla 
A, Nelson RL, Tou S, Lund JN. Prophylactic antibiotics for penetrating 
abdominal trauma: duration of use and antibiotic choice. Cochrane 
Database Syst Rev. 2019. https:// doi. org/ 10. 1002/ 14651 858. CD010 808. 
pub2.

 302. Bozzay JD, Walker PF, Schechtman DW, et al. Outcomes of exploratory 
laparotomy and abdominal infections among combat casualties. J Surg 
Res. 2021;257:285–93. https:// doi. org/ 10. 1016/j. jss. 2020. 07. 075.

 303. Hanna K, Asmar S, Ditillo M, et al. Readmission with major abdomi‑
nal complications after penetrating abdominal trauma. J Surg Res. 
2021;257:69–78. https:// doi. org/ 10. 1016/j. jss. 2020. 07. 06].

 304. Mazuski JE, Symons WJ, Jarman S, Sato B, Carroll W, Bochicchio GV, 
Kirby JP, Schuerer DJ. Reduction of surgical site infection after trauma 
laparotomy through use of a specific protocol for antibiotic prophylaxis. 
Surg Infect (Larchmt). 2023;24(2):141–57. https:// doi. org/ 10. 1089/ sur. 
2022. 393.

 305. Sartelli M, Boermeester MA, Cainzos M, Coccolini F, de Jonge SW, Rasa K, 
Dellinger EP, McNamara DA, Fry DE, Cui Y, Delibegovic S, Demetrashvili 
Z, De Simone B, Gkiokas G, Hardcastle TC, Itani KMF, Isik A, Labricciosa 
FM, Lohsiriwat V, Marwah S, Pintar T, Rickard J, Shelat VG, Catena F, Barie 
PS. Six long‑standing questions about antibiotic prophylaxis in surgery. 
Antibiotics. 2023;12:908. https:// doi. org/ 10. 3390/ antib iotic s1205 0908.

 306. Ra, Jin H. MD; Rattan, Rishi MD; Patel, Nimitt J. MD; Bhattacharya, Bish‑
wajit MD; Butts, Christopher A. PhD, DO; Gupta, Shailvi MD, MPH; Asfaw, 
Sofya H. MD; Como, John J. MD, MPH; Sahr, Sheryl M. MD, MS; Bugaev, 
Nikolay MD. Duration of Antimicrobial Treatment for Complicated 
Intra‑abdominal Infections after Definitive Source Control: A Systematic 
Review, Meta‑Analysis, and Practice Management Guideline from the 
Eastern Association for the Surgery of Trauma. Journal of Trauma and 
Acute Care Surgery 2023. https:// doi. org/ 10. 1097/ TA. 00000 00000 
003998

 307. Bradley M, Okoye O, DuBose J, Inaba K, Demetriades D, Scalea T, 
O’Connor J, Menaker J, Morales C, Shiflett T, et al. Risk factors for post‑
traumatic pneumonia in patients with retained haemothorax: results of 
a prospective, observational AAST study. Injury. 2013;44:1159–64.

 308. Bosman A, de Jong MB, Debeij J, van den Broek PJ, Schipper IB. Sys‑
tematic review and meta‑analysis of antibiotic prophylaxis to prevent 
infections from chest drains in blunt and penetrating thoracic injuries. 
Br J Surg. 2012;99:506–13.

 309. Sanabria A, Valdivieso E, Gomez G, Echeverry G. Prophylactic antibiotics 
in chest trauma: a meta‑analysis of high‑quality studies. World J Surg. 
2006;30(10):1843–7. https:// doi. org/ 10. 1007/ s00268‑ 005‑ 0672‑y.

 310. Cook A, Hu C, Ward J, Schultz S, Moore Iii FO, Funk G, Juern J, Turay D, 
Ahmad S, Pieri P, et al. Presumptive antibiotics in tube thoracostomy for 
traumatic hemopneumothorax: A prospective, Multicenter American 
Association for the Surgery of Trauma Study. Trauma Surg Acute Care 
Open. 2019;4:e000356.

 311. Elnahla A, Iuliucci KR, Toraih E, Duchesne JC, Nichols RL, Kandil E. The 
efficacy of the use of presumptive antibiotics in tube thoracostomy in 
thoracic trauma‑results of a meta‑analysis. Am J Surg. 2021. https:// doi. 
org/ 10. 1016/j. amjsu rg. 2021. 05. 003.

 312. Ayoub F, Quirke M, Frith D. Use of prophylactic antibiotic in prevent‑
ing complications for blunt and penetrating chest trauma requiring 
chest drain insertion: a systematic review and meta‑analysis. Trauma 
Surg Acute Care Open. 2019;4(1):e000246. https:// doi. org/ 10. 1136/ 
tsaco‑ 2018‑ 000246.

https://doi.org/10.1056/NEJMoa1707278
https://doi.org/10.1056/NEJMoa1707278
https://doi.org/10.1161/STROKEAHA.120.030565
https://doi.org/10.1161/STROKEAHA.120.030565
https://doi.org/10.1002/emp2.12655
https://doi.org/10.1002/emp2.12655
https://doi.org/10.1016/j.jemermed.2019.10.011
https://doi.org/10.1016/j.jemermed.2019.10.011
https://doi.org/10.5837/bjc.2022.001
https://doi.org/10.5837/bjc.2022.001
https://doi.org/10.1001/jamanetworkopen.2022.40145
https://doi.org/10.1007/s11739-019-02177-2
https://doi.org/10.1097/00005373-200003000-00024
https://doi.org/10.1097/00005373-200003000-00024
https://doi.org/10.1186/1757-7241-17-19
https://doi.org/10.1097/00005373-200011000-00006
https://doi.org/10.1097/00005373-200011000-00006
https://doi.org/10.1002/14651858.CD007370.pub4
https://doi.org/10.1002/14651858.CD007370.pub4
https://doi.org/10.1002/14651858.CD010808.pub2
https://doi.org/10.1002/14651858.CD010808.pub2
https://doi.org/10.1016/j.jss.2020.07.075
https://doi.org/10.1016/j.jss.2020.07.06]
https://doi.org/10.1089/sur.2022.393
https://doi.org/10.1089/sur.2022.393
https://doi.org/10.3390/antibiotics12050908
https://doi.org/10.1097/TA.0000000000003998
https://doi.org/10.1097/TA.0000000000003998
https://doi.org/10.1007/s00268-005-0672-y
https://doi.org/10.1016/j.amjsurg.2021.05.003
https://doi.org/10.1016/j.amjsurg.2021.05.003
https://doi.org/10.1136/tsaco-2018-000246
https://doi.org/10.1136/tsaco-2018-000246


Page 57 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18  

 313. Shao J, Zhang H, Yin B, Li J, Zhu Y, Zhang Y. Risk factors for surgical site 
infection following operative treatment of ankle fractures: a systematic 
review and meta‑analysis. Int J Surg. 2018;56:124–32. https:// doi. org/ 10. 
1016/j. ijsu. 2018. 06. 018.

 314. Crist BD, Oladeji LO, Della Rocca GJ, Volgas DA, Stannard JP, Greenberg 
DD. Evaluating the duration of prophylactic post‑operative antibiotic 
agents after open reduction internal fixation for closed fractures. Surg 
Infect (Larchmt). 2018;19(5):535–40. https:// doi. org/ 10. 1089/ sur. 2018. 
018.

 315. Gosselin RA, Roberts I, Gillespie WJ. Antibiotics for preventing infection 
in open limb fractures. Cochrane Database Syst Rev. 2004. https:// doi. 
org/ 10. 1002/ 14651 858. CD003 764. pub2.

 316. Buckman SA, Forrester JD, Bessoff KE, Parli SE, Evans HL, Huston JM. 
Surgical Infection Society Guidelines: 2022 Updated Guidelines for 
Antibiotic Use in Open Extremity Fractures. Surg Infect (Larchmt). 
2022;23(9):817–28. https:// doi. org/ 10. 1089/ sur. 2022. 206.

 317. Lane JC, Mabvuure NT, Hindocha S, Khan W. Current concepts of pro‑
phylactic antibiotics in trauma: a review. Open Orthop J. 2012;6:511–7. 
https:// doi. org/ 10. 2174/ 18743 25001 20601 0511.

 318. Iliadis AD, Shivji F, Debuka E, Trompeter A, Narayan B, Heidari N. Current 
concepts in the prevention, diagnosis and treatment of fracture‑related 
infection (FRI). Eur J Orthop Surg Traumatol. 2021;31(5):957–66. https:// 
doi. org/ 10. 1007/ s00590‑ 021‑ 02956‑8.

 319. Fitzwater J, Purdue GF, Hunt JL, O’Keefe GE. The risk factors and time 
course of sepsis and organ dysfunction after burn trauma. J Trauma. 
2003;54:959–66.

 320. Avni T, Levcovich A, Ad‑El DD, Leibovici L, Paul M. Prophylactic anti‑
biotics for burns patients: systematic review and meta‑analysis. BMJ. 
2010;340: c241. https:// doi. org/ 10. 1136/ bmj. c241.

 321. Barajas‑Nava LA, López‑Alcalde J, Roqué i Figuls M, Solà I, Bonfill Cosp X. 
Antibiotic prophylaxis for preventing burn wound infection. Cochrane 
Database Syst Rev. 2013. https:// doi. org/ 10. 1002/ 14651 858. CD008 738. 
pub2

 322. Morrison RS, Magaziner J, Gilbert M, Koval KJ, McLaughlin MA, Orosz G, 
Strauss E, Siu AL. Relationship between pain and opioid analgesics on 
the development of delirium following hip fracture. J Gerontol A Biol 
Sci Med Sci. 2003;58(1):76–81. https:// doi. org/ 10. 1093/ gerona/ 58.1. 
m76.

 323. Joshi GP, Ogunnaike BO. Consequences of inadequate postoperative 
pain relief and chronic persistent postoperative pain. Anesthesiol Clin 
North Am Nar. 2005;23(1):21–36.

 324. Brown JC, Klein EJ, Lewis CW, Johnston BD, Cummings P. Emer‑
gency department analgesia for fracture pain. Ann Emerg Med. 
2003;42(2):197–205.

 325. Tran UE, Yadav K, Ali MM, et al. An evaluation of emergency pain man‑
agement practices in fragility fractures of the pelvis. Can J Emerg Med. 
2022;24:273–7. https:// doi. org/ 10. 1007/ s43678‑ 022‑ 00265‑5.

 326. Daoust R, Paquet J, Piette E, Sanogo K, Bailey B, Chauny JM. Impact of 
age on pain perception for typical painful diagnoses in the emergency 
department. J Emerg Med. 2016;50(1):14–20.

 327. Herr KA, Garand L. Assessment and measurement of pain in older 
adults. Clin Geriatr Med. 2001;17(3):457–78. https:// doi. org/ 10. 1016/ 
s0749‑ 0690(05) 70080‑x.

 328. Bieri D, Reeve RA, Champion GD, et al. The Faces Pain Scale for the 
self‑assessment of the severity of pain experienced by children: initial 
validation and preliminary investigation for ratio scale properties. Pain. 
1990;41:139.

 329. Wong DL, Baker CM. Pain in children: comparison of assessment scales. 
Pediatr Nurs. 1988;14:9.

 330. Herr K, Mobily P. Comparison of selected pain assessment tools for use 
with the elderly. Appl Nurs Res. 1993;6:39.

 331. AGS Panel on Persistent Pain in Older Persons. The management of 
persistent pain in older persons. J Am Geriatr Soc. 2002;50:S205–24.

 332. Payen JF, Bru O, Bosson JL, et al. Assessing pain in critically ill 
sedated patients by using a behavioral pain scale. Crit Care Med. 
2001;29(12):2258–63. https:// doi. org/ 10. 1097/ 00003 246‑ 20011 
2000‑ 000049.

 333. Ahlers SJ, van der Veen AM, van Dijk M, Tibboel D, Knibbe CAJ. The 
use of the behavioral pain scale to assess pain in conscious sedated 
patients. Anesth Analg. 2010;110(1):127–33. https:// doi. org/ 10. 1213/ 
ANE. 0b013 e3181 c3119 e10.

 334. Gélinas C, Fillion L, Puntillo KA, et al. Validation of the critical‑care pain 
observation tool in adult patients. Am J Crit Care. 2006;15(4):420–7.

 335. Fabbri A, Voza A, Riccardi A, Serra S, Iaco FD, on behalf of the Study and 
Research Center of the Italian Society of Emergency Medicine (SIMEU). 
The Pain Management of Trauma Patients in the Emergency Depart‑
ment. J Clin Med. 2023;12:3289. https:// doi. org/ 10. 3390/ jcm12 093289.

 336. Ridderikhof ML, Lirk P, Goddijn H, Vandewalle E, Schinkel E, Van Dieren S, 
Kemper EM, Hollmann MW, Goslings JC. Acetaminophen or non‑
steroidal anti‑inflammatory drugs in acute musculoskeletal trauma: a 
multicenter, double‑blind, randomized. Clinical Trial Ann Emerg Med. 
2018;71(3):357‑368.e8. https:// doi. org/ 10. 1016/j. annem ergmed. 2017. 08. 
041.

 337. Cowan R, Lim JH, Ong T, Kumar A, Sahota O. The challenges of anaes‑
thesia and pain relief in hip fracture care. Drugs Aging. 2017;34(1):1–11. 
https:// doi. org/ 10. 1007/ s40266‑ 016‑ 0427‑5.

 338. Wongrakpanich S, Wongrakpanich A, Melhado K, Rangaswami J. A 
comprehensive review of non‑steroidal antiinflammatory drug use in 
the elderly. Aging Dis. 2018;9(1):143–50.

 339. Benyamin R, Trescot AM, Datta S, Buenaventura R, Adlaka R, Sehgal N, 
Glaser SE, Vallejo R. Opioid complications and side effects. Pain Physi‑
cian. 2008;11:S105–20.

 340. Häske D, Böttiger BW, Bouillon B, Fischer M, Gaier G, Gliwitzky B, Helm 
M, Hilbert‑Carius P, Hossfeld B, Meisner C, Schempf B, Wafaisade A, 
Bernhard M. Analgesia in patients with trauma in emergency medicine. 
Dtsch Arztebl Int. 2017;114(46):785–92. https:// doi. org/ 10. 3238/ arzte bl. 
2017. 0785.

 341. Edinoff AN, Kaplan LA, Khan S, Petersen M, Sauce E, Causey CD, Cornett 
EM, Imani F, Moradi Moghadam O, Kaye AM, Kaye AD. Full opioid ago‑
nists and tramadol: pharmacological and clinical considerations. Anesth 
Pain Med. 2021;11(4): e119156. https:// doi. org/ 10. 5812/ aapm. 119156.

 342. Voza A, Ruggiano G, Serra S, Carpinteri G, Gangitano G, Intelligente 
F, Bonafede E, Sblendido A, Farina A, Soldi A, Fabbri A; MEDITA Study 
Group. Inhaled Methoxyflurane versus Intravenous Morphine for Severe 
Trauma Pain in the Emergency Setting: Subgroup Analysis of MEDITA, 
a Multicenter, Randomized, Controlled, Open‑Label Trial. J Pain Res. 
2020;13:491–502. https:// doi. org/ 10. 2147/ JPR. S2409 11

 343. Fabbri A, Borobia AM, Ricard‑Hibon A, Coffey F, Caumont‑Prim A, 
Montestruc F, Soldi A, Traseira Lugilde S, Dickerson S. Low‑dose meth‑
oxyflurane versus standard of care analgesics for emergency trauma 
pain: a systematic review and meta‑analysis of pooled data. J Pain Res. 
2021;14:93–105. https:// doi. org/ 10. 2147/ JPR. S2925 21.

 344. Wick EC, Grant MC, Wu CL. Postoperative multimodal analgesia pain 
management with nonopioid analgesics and techniques: a review. 
JAMA Surg. 2017;152(7):691–7.

 345. Harvin JA, Albarado R, Truong VTT, Green C, Tyson JE, Pedroza C, 
Wade CE, Kao LS; MAST Study Group. Multi‑Modal Analgesic Strategy 
for Trauma: A Pragmatic Randomized Clinical Trial. J Am Coll Surg. 
2021;232(3):241–251. https:// doi. org/ 10. 1016/j. jamco llsurg. 2020. 12. 014

 346. Hatton GE, Kregel HR, Pedroza C, Puzio TJ, Adams SD, Wade CE, Kao LS, 
Harvin JA. Age‑related opioid exposure in trauma: a secondary analysis 
of the multimodal analgesia strategies for trauma (MAST) randomized 
trial. Ann Surg. 2021;274(4):565–71. https:// doi. org/ 10. 1097/ SLA. 00000 
00000 005065.

 347. Torrie AM. Regional anesthesia and analgesia for trauma: an updated 
review. Curr Opin Anaesthesiol. 2022;35(5):613–20. https:// doi. org/ 10. 
1097/ ACO. 00000 00000 001172.

 348. Scurrah A, Shiner CT, Stevens JA, Faux SG. Regional nerve blockade for 
early analgesic management of elderly patients with hip fracture ‑ a 
narrative review. Anaesthesia. 2018;73(6):769–83. https:// doi. org/ 10. 
1111/ anae. 14178.

 349. Pitchon DN, Dayan AC, Schwenk ES, et al. Updates on Multimodal 
Analgesia for Orthopedic Surgery. Anesthesiol Clin. 2018;36(3):361–73.

 350. Steenberg J, Møller AM. Systematic review of the effects of fascia iliaca 
compartment block on hip fracture patients before operation. Br J 
Anaesth. 2018;120(6):1368–80. https:// doi. org/ 10. 1016/j. bja. 2017. 12. 
042.

 351. Guay J, Kopp S. Peripheral nerve blocks for hip fractures in adults. 
Cochrane Database Syst Rev. 2020;11(11):CD001159. https:// doi. org/ 10. 
1002/ 14651 858. CD001 159. pub3.

 352. Wan HY, Li SY, Ji W, Yu B, Jiang N. Fascia iliaca compartment block for 
perioperative pain management of geriatric patients with hip fractures: 

https://doi.org/10.1016/j.ijsu.2018.06.018
https://doi.org/10.1016/j.ijsu.2018.06.018
https://doi.org/10.1089/sur.2018.018
https://doi.org/10.1089/sur.2018.018
https://doi.org/10.1002/14651858.CD003764.pub2
https://doi.org/10.1002/14651858.CD003764.pub2
https://doi.org/10.1089/sur.2022.206
https://doi.org/10.2174/1874325001206010511
https://doi.org/10.1007/s00590-021-02956-8
https://doi.org/10.1007/s00590-021-02956-8
https://doi.org/10.1136/bmj.c241
https://doi.org/10.1002/14651858.CD008738.pub2
https://doi.org/10.1002/14651858.CD008738.pub2
https://doi.org/10.1093/gerona/58.1.m76
https://doi.org/10.1093/gerona/58.1.m76
https://doi.org/10.1007/s43678-022-00265-5
https://doi.org/10.1016/s0749-0690(05)70080-x
https://doi.org/10.1016/s0749-0690(05)70080-x
https://doi.org/10.1097/00003246-200112000-000049
https://doi.org/10.1097/00003246-200112000-000049
https://doi.org/10.1213/ANE.0b013e3181c3119e10
https://doi.org/10.1213/ANE.0b013e3181c3119e10
https://doi.org/10.3390/jcm12093289
https://doi.org/10.1016/j.annemergmed.2017.08.041
https://doi.org/10.1016/j.annemergmed.2017.08.041
https://doi.org/10.1007/s40266-016-0427-5
https://doi.org/10.3238/arztebl.2017.0785
https://doi.org/10.3238/arztebl.2017.0785
https://doi.org/10.5812/aapm.119156
https://doi.org/10.2147/JPR.S240911
https://doi.org/10.2147/JPR.S292521
https://doi.org/10.1016/j.jamcollsurg.2020.12.014
https://doi.org/10.1097/SLA.0000000000005065
https://doi.org/10.1097/SLA.0000000000005065
https://doi.org/10.1097/ACO.0000000000001172
https://doi.org/10.1097/ACO.0000000000001172
https://doi.org/10.1111/anae.14178
https://doi.org/10.1111/anae.14178
https://doi.org/10.1016/j.bja.2017.12.042
https://doi.org/10.1016/j.bja.2017.12.042
https://doi.org/10.1002/14651858.CD001159.pub3
https://doi.org/10.1002/14651858.CD001159.pub3


Page 58 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18 

a systematic review of randomized controlled trials. Pain Res Manag. 
2020;2020:8503963. https:// doi. org/ 10. 1155/ 2020/ 85039 63.

 353. Beaupre LA, Menon MR, Almaazmi K, Kang SH, Dieleman S, Tsui B. 
Preoperative nerve blocks for hip fracture patients: a pilot randomized 
trial. Injury. 2021;52(3):548–53. https:// doi. org/ 10. 1016/j. injury. 2020. 10. 
029.

 354. Schulte SS, Fernandez I, Van Tienderen R, Reich MS, Adler A, Nguyen 
MP. Impact of the fascia iliaca block on pain, opioid consumption, and 
ambulation for patients with hip fractures: a prospective. Randomized 
Study J Orthop Trauma. 2020;34(10):533–8. https:// doi. org/ 10. 1097/ 
BOT. 00000 00000 001795.

 355. Sort R, Brorson S, Gögenur I, Hald LL, Nielsen JK, Salling N, Hougaard S, 
Foss NB, Tengberg PT, Klausen TW, Møller AM. Peripheral nerve block 
anaesthesia and postoperative pain in acute ankle fracture surgery: the 
AnAnkle randomised trial. Br J Anaesth. 2021;126(4):881–8. https:// doi. 
org/ 10. 1016/j. bja. 2020. 12. 037.

 356. Garlich JM, Pujari A, Moak Z, Debbi E, Yalamanchili R, Stephenson S, 
Stephan S, Polakof L, Little M, Moon C, Anand K, Lin CA. Pain manage‑
ment with early regional anesthesia in geriatric hip fracture patients. J 
Am Geriatr Soc. 2020;68(9):2043–50. https:// doi. org/ 10. 1111/ jgs. 16547.

 357. Thompson J, Long M, Rogers E, Pesso R, Galos D, Dengenis RC, Ruotolo 
C. Fascia iliaca block decreases hip fracture postoperative opioid con‑
sumption: a prospective randomized controlled trial. J Orthop Trauma. 
2020;34(1):49–54. https:// doi. org/ 10. 1097/ BOT. 00000 00000 001634.

 358. Wennberg P, Möller M, Herlitz J, Kenne SE. Fascia iliaca compartment 
block as a preoperative analgesic in elderly patients with hip fractures 
‑ effects on cognition. BMC Geriatr. 2019;19(1):252. https:// doi. org/ 10. 
1186/ s12877‑ 019‑ 1266‑0.

 359. Tang L, Li B, Guo S, Zhao X, He B, Liu W, Xia R. Fascia iliaca compart‑
ment block can reduce the incidence of early post‑operative cognitive 
impairment in elderly patients with high‑risk hip replacement. Front 
Aging Neurosci. 2022;14:1025545. https:// doi. org/ 10. 3389/ fnagi. 2022. 
10255 45.

 360. Coary R, Skerritt C, Carey A, Rudd S, Shipway D. New horizons in rib 
fracture management in the older adult. Age Ageing. 2020;49(2):161–7. 
https:// doi. org/ 10. 1093/ ageing/ afz157.

 361. Chin KJ. Thoracic wall blocks: from paravertebral to retrolaminar to 
serratus to erector spinae and back again—A review of evidence. Best 
Pract Res Clin Anaesthesiol. 2019;33(1):67–77. https:// doi. org/ 10. 1016/j. 
bpa. 2019. 02. 003.

 362. Tekşen Ş, Öksüz G, Öksüz H, Sayan M, Arslan M, Urfalıoğlu A, Gişi G, Bilal 
B. Analgesic efficacy of the serratus anterior plane block in rib fractures 
pain: a randomized controlled trial. Am J Emerg Med. 2021;41:16–20. 
https:// doi. org/ 10. 1016/j. ajem. 2020. 12. 041.

 363. Balzer N, McLeod SL, Walsh C, Grewal K. Low‑dose ketamine for acute 
pain control in the emergency department: a systematic review and 
meta‑analysis. Acad Emerg Med. 2021;28:444–54.

 364. Karlow N, Schlaepfer CH, Stoll CR. A systematic review and meta‑
analysis of ketamine as an alternative to opioids for acute pain in the 
emergency department. Acad Emerg Med. 2018;25:1086–97.

 365. Lee EN, Lee JH. The effects of low‑dose ketamine on acute pain in 
an emergency setting: a systematic review and meta‑analysis. PLoS 
One. 2016;11:0.

 366. Yousefifard M, Askarian‑Amiri S, Rafiei Alavi SN, Sadeghi M, Saberian 
P, Baratloo A, Talebian MT. The efficacy of ketamine administration in 
prehospital pain management of trauma patients; a systematic review 
and meta‑analysis.https:// www. ncbi. nlm. nih. gov/ pmc/ artic les/ PMC69 
46038/. Arch Acad Emerg Med. 2019;8:0.

 367. Ghate G, Clark E, Vaillancourt C. Systematic review of the use of low‑
dose ketamine for analgesia in the emergency department. CJEM. 
2018;20:36–45.

 368. Kugler NW, Carver TW, Juul J, Peppard WJ, Boyle K, Drescher KM, Szabo 
A, Rein L, Somberg LB, Paul JS. Ketamine infusion for pain control in 
elderly patients with multiple rib fractures: results of a randomized 
controlled trial. J Trauma Acute Care Surg. 2019;87(5):1181–8. https:// 
doi. org/ 10. 1097/ TA. 00000 00000 002479.

 369. Carver TW, Kugler NW, Juul J, Peppard WJ, Drescher KM, Somberg LB, 
Szabo A, Yin Z, Paul JS. Ketamine infusion for pain control in adult 
patients with multiple rib fractures: results of a randomized control trial. 
J Trauma Acute Care Surg. 2019;86(2):181–8. https:// doi. org/ 10. 1097/ TA. 
00000 00000 002103.

 370. Motov S, Mann S, Drapkin J, Butt M, Likourezos A, Yetter E, Brady J, 
Rothberger N, Gohel A, Flom P, Mai M, Fromm C, Marshall J. Intravenous 
subdissociative‑dose ketamine versus morphine for acute geriatric 
pain in the Emergency Department: a randomized controlled trial. Am 
J Emerg Med. 2019;37(2):220–7. https:// doi. org/ 10. 1016/j. ajem. 2018. 05. 
030.

 371. Antill AC, Frye SW, McMillen JC, Haynes JC, Ford BR, Bollig RW, Daley 
BJ. Treatment with oral versus intravenous acetaminophen in elderly 
trauma patients with rib fractures: a prospective randomized trial. Am 
Surg. 2020;86(8):926–32. https:// doi. org/ 10. 1177/ 00031 34820 940268.

 372. Nirula R, Diaz JJ Jr, Trunkey DD, Mayberry JC. Rib fracture repair: 
indications, technical issues, and future directions. World J Surg. 
2009;33(1):14–22. https:// doi. org/ 10. 1007/ s00268‑ 008‑ 9770‑y.

 373. Cataneo AJ, Cataneo DC, de Oliveira FH, Arruda KA, El Dib R, de Oliveira 
Carvalho PE. Surgical versus nonsurgical interventions for flail chest. 
Cochrane Database Syst Rev. 2015;2015(7):CD009919. https:// doi. org/ 
10. 1002/ 14651 858. CD009 919. pub2.

 374. Sawyer E, Wullschleger M, Muller N, Muller M. Surgical rib fixation of 
multiple rib fractures and flail chest: a systematic review and meta‑
analysis. J Surg Res. 2022;276:221–34. https:// doi. org/ 10. 1016/j. jss. 2022. 
02. 055.

 375. Zhang D, Wang L, Xi S, Li R, Jiao C, Zhang Q. A clinical study on the sur‑
gical treatment of simple multiple rib fractures in older adult patients. J 
Thorac Dis. 2023;15(8):4324–36. https:// doi. org/ 10. 21037/ jtd‑ 22‑ 1829.

 376. Hoepelman RJ, Beeres FJP, Heng M, et al. Rib fractures in the 
elderly population: a systematic review. Arch Orthop Trauma Surg. 
2023;143:887–93. https:// doi. org/ 10. 1007/ s00402‑ 022‑ 04362‑z.

 377. Ilyas C, Jones J, Fortey S. Management of the patient presenting for 
emergency laparotomy. BJA Educ. 2019;19(4):113–8. https:// doi. org/ 10. 
1016/j. bjae. 2018. 12. 002.

 378. Tchen S, Bhatt R, Peppard W, Szabo A, Dong H, Morris R, Trevino CM. 
Quantifying the impact of reduced opioid use in patients after emer‑
gency laparotomy. Surgery. 2023;173(6):1499–507. https:// doi. org/ 10. 
1016/j. surg. 2023. 02. 009.

 379. Sondekoppam RV, Uppal V, Brookes J, Ganapathy S. Bilateral thoracic 
paravertebral blocks compared to thoracic epidural analgesia after mid‑
line laparotomy: a pragmatic noninferiority clinical trial. Anesth Analg. 
2019;129(3):855–63. https:// doi. org/ 10. 1213/ ANE. 00000 00000 004219.

 380. Akerman M, Pejčić N, Veličković I. A review of the quadratus lumborum 
block and ERAS. Front Med (Lausanne). 2018;26(5):44. https:// doi. org/ 
10. 3389/ fmed. 2018. 00044.

 381. Eipe N, Gupta S, Penning J. Intravenous lidocaine for acute pain: an 
evidence‑based clinical update. BJA Educ. 2016;16:292–8.

 382. Weibel S, Jelting Y, Pace NL, Helf A, Eberhart LH, Hahnenkamp K, 
Hollmann MW, Poepping DM, Schnabel A, Kranke P. Continuous 
intravenous perioperative lidocaine infusion for postoperative pain and 
recovery in adults. Cochrane Database Syst Rev. 2018;6(6):CD009642. 
https:// doi. org/ 10. 1002/ 14651 858. CD009 642. pub3.

 383. Laskowski K, Stirling A, McKay WP. A systematic review of intravenous 
ketamine for postoperative analgesia. J Can Anesth. 2011;58:911–23.

 384. Tsui PY, Chu MC. Ketamine: an old drug revitalized in pain medicine. Br J 
Anaesth Educ. 2017;17:84–7.

 385. Albrecht E, Kirkham KR, Brull R. Peri‑operative intravenous administra‑
tion of magnesium sulphate and postoperative pain: a meta‑analysis. 
Anaesthesia. 2013;68:79–90.

 386. Narouze S, Benzon HT, Provenzano D, Buvanendran A, De Andres J, 
Deer T, Rauck R, Huntoon MA. Interventional Spine and Pain Procedures 
in Patients on Antiplatelet and Anticoagulant Medications (Second 
Edition): Guidelines From the American Society of Regional Anesthesia 
and Pain Medicine, the European Society of Regional Anaesthesia and 
Pain Therapy, the American Academy of Pain Medicine, the Interna‑
tional Neuromodulation Society, the North American Neuromodula‑
tion Society, and the World Institute of Pain. Reg Anesth Pain Med. 
2018;43(3):225–62. https:// doi. org/ 10. 1097/ AAP. 00000 00000 000700.

 387. Tan L, Qi B, Yu T, Wang C. Incidence and risk factors for venous throm‑
boembolism following surgical treatment of fractures below the hip: a 
meta‑analysis. Int Wound J. 2016;13(6):1359–71.

 388. Barrera LM, Perel P, Ker K, Cirocchi R, Farinella E, Morales Uribe CH. 
Thromboprophylaxis for trauma patients. Cochrane Database Syst Rev. 
2013;3:CD008303.

https://doi.org/10.1155/2020/8503963
https://doi.org/10.1016/j.injury.2020.10.029
https://doi.org/10.1016/j.injury.2020.10.029
https://doi.org/10.1097/BOT.0000000000001795
https://doi.org/10.1097/BOT.0000000000001795
https://doi.org/10.1016/j.bja.2020.12.037
https://doi.org/10.1016/j.bja.2020.12.037
https://doi.org/10.1111/jgs.16547
https://doi.org/10.1097/BOT.0000000000001634
https://doi.org/10.1186/s12877-019-1266-0
https://doi.org/10.1186/s12877-019-1266-0
https://doi.org/10.3389/fnagi.2022.1025545
https://doi.org/10.3389/fnagi.2022.1025545
https://doi.org/10.1093/ageing/afz157
https://doi.org/10.1016/j.bpa.2019.02.003
https://doi.org/10.1016/j.bpa.2019.02.003
https://doi.org/10.1016/j.ajem.2020.12.041
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6946038/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6946038/
https://doi.org/10.1097/TA.0000000000002479
https://doi.org/10.1097/TA.0000000000002479
https://doi.org/10.1097/TA.0000000000002103
https://doi.org/10.1097/TA.0000000000002103
https://doi.org/10.1016/j.ajem.2018.05.030
https://doi.org/10.1016/j.ajem.2018.05.030
https://doi.org/10.1177/0003134820940268
https://doi.org/10.1007/s00268-008-9770-y
https://doi.org/10.1002/14651858.CD009919.pub2
https://doi.org/10.1002/14651858.CD009919.pub2
https://doi.org/10.1016/j.jss.2022.02.055
https://doi.org/10.1016/j.jss.2022.02.055
https://doi.org/10.21037/jtd-22-1829
https://doi.org/10.1007/s00402-022-04362-z
https://doi.org/10.1016/j.bjae.2018.12.002
https://doi.org/10.1016/j.bjae.2018.12.002
https://doi.org/10.1016/j.surg.2023.02.009
https://doi.org/10.1016/j.surg.2023.02.009
https://doi.org/10.1213/ANE.0000000000004219
https://doi.org/10.3389/fmed.2018.00044
https://doi.org/10.3389/fmed.2018.00044
https://doi.org/10.1002/14651858.CD009642.pub3
https://doi.org/10.1097/AAP.0000000000000700


Page 59 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18  

 389. Krantz EN, Philpott CD, Droege ME, Mueller EW, Ernst NE, Garber PM, 
Tsuei BJ, Goodman MD, Droege CA. retrospective evaluation of venous 
thromboembolism prophylaxis in elderly. High‑Risk Trauma Patients J 
Surg Res. 2020;249:225–31.

 390. Piran S, Schulman S. Incidence and risk factors for venous thromboem‑
bolism in patients with acute spinal cord injury: a retrospective study. 
Thromb Res. 2016;147:97–101. https:// doi. org/ 10. 1016/j. throm res. 2016. 
09. 030.

 391. Whiting PS, White‑Dzuro GA, Greenberg SE, VanHouten JP, Avilucea FR, 
Obremskey WT, Sethi MK. Risk factors for deep venous thrombosis fol‑
lowing orthopaedic trauma surgery: an analysis of 56,000 patients. Arch 
Trauma Res. 2016;5(1): e32915. https:// doi. org/ 10. 5812/ atr. 32915.

 392. Prabhakaran K, Gogna S, Lombardo G, Latifi R. Venous thromboembo‑
lism in geriatric trauma patients‑risk factors and associated outcomes. J 
Surg Res. 2020;254:327–33.

 393. Kim DY, Kobayashi L, Barmparas G, Fortlage D, Curry T, Coimbra R. 
Venous thromboembolism in the elderly: the result of comorbid 
conditions or a consequence of injury? J Trauma Acute Care Surg. 
2012;72(5):1286–91.

 394. Lee C‑H, Lin T‑C, Cheng C‑L, Lin L‑J, Yang C‑Y, Kao Yang Y‑H. The inci‑
dence of symptomatic venous thromboembolism following hip frac‑
tures with or without surgery in Taiwan. Clin Trials Regulat Sci Cardiol. 
2015;12:6–11.

 395. Domes CM, Schleyer AM, McQueen JM, Pergamit RF, Beingessner DM. 
Evaluation of appropriate venous thromboembolism prophylaxis in 
patients with orthopaedic trauma with symptom‑driven vascular and 
radiographic studies. J Orthop Trauma. 2017;31(12):611–6.

 396. Rogers, Frederick B. MD; Cipolle, Mark D. MD, PhD; Velmahos, George 
MD, PhD; Rozycki, Grace MD; Luchette, Fred A. MD Practice Manage‑
ment Guidelines for the Prevention of Venous Thromboembolism in 
Trauma Patients: The EAST Practice Management Guidelines Work 
Group, The Journal of Trauma: Injury, Infection, and Critical Care: July 
2002 ‑ Volume 53 ‑ Issue 1 ‑ p 142–164

 397. Gearhart MM, Luchette FA, Proctor MC, Lutomski DM, Witsken C, James 
L, Davis K Jr, Johannigman JA, Hurst JM, Frame SB. The risk assessment 
profile score identifies trauma patients at risk for deep vein thrombosis. 
Surgery. 2000;128(4):631–40.

 398. Rogers FB, Shackford SR, Horst MA, Miller JA, Wu D, Bradburn E, Rogers 
A, Krasne M. Determining venous thromboembolic risk assessment for 
patients with trauma: the Trauma Embolic Scoring System. J Trauma 
Acute Care Surg. 2012;73(2):511–5.

 399. Ley EJ, Brown CVR, Moore EE, Sava JA, Peck K, Ciesla DJ, Sperry JL, 
Rizzo AG, Rosen NG, Brasel KJ, Kozar R, Inaba K, Martin MJ. Updated 
guidelines to reduce venous thromboembolism in trauma patients: 
A Western Trauma Association critical decisions algorithm. J Trauma 
Acute Care Surg. 2020;89(5):971–81.

 400. Nam JH, Kim DH, Yoo JH, Hwang JH, Chang JD. Does preoperative 
mechanical prophylaxis have additional effectiveness in preventing 
postoperative venous thromboembolism in elderly patients with hip 
fracture?‑Retrospective case‑control study. PLoS ONE. 2017;12(11): 
e0187337.

 401. Gould MK, Garcia DA, Wren SM, Karanicolas PJ, Arcelus JI, Heit JA, 
Samama CM. Prevention of VTE in nonorthopedic surgical patients: 
anti‑ thrombotic therapy and prevention of thrombosis, 9th ed: 
American College of Chest Physicians Evidence‑Based Clinical Practice 
Guidelines. Chest. 2012;141(Suppl 2):e227S–e277S; Sumislawski JJ, 
Kornblith LZ, Conroy AS, Callcut RA, Cohen MJ. Dynamic coagulability 
after injury: is delaying venous thromboembolism chemoprophylaxis 
worth the wait? J Trauma Acute Care Surg. 2018;85(5): 907–914

 402. Coleman JR, Kay AB, Moore EE, Moore HB, Gonzalez E, Majercik S, 
Cohen MJ, White T, Pieracci FM. It’s sooner than you think: blunt solid 
or‑ gan injury patients are already hypercoagulable upon hospital 
admission — results of a bi‑institutional, prospective study. Am J Surg. 
2019;218(6):1065–73.

 403. Norwood SH, Berne JD, Rowe SA, Villarreal DH, Ledlie JT. Early venous 
thromboembolism prophylaxis with enoxaparin in patients with blunt 
traumatic brain injury. J Trauma. 2008;65(5):1021–1026; discussion 
1026–7.

 404. Kim DY, Kobayashi L, Chang D, Fortlage D, Coimbra R. Early pharmaco‑
logical venous thromboembolism prophylaxis is safe after operative 
fixation of traumatic spine fractures. Spine. 2015;40(5):299–304.

 405. Leer‑Salvesen S, Dybvik E, Engesaeter LB, Dahl OE, Gjertsen JE. Low‑
molecular‑weight heparin for hip fracture patients treated with osteo‑
synthesis: should thromboprophylaxis start before or after surgery? An 
observational study of 45,913 hip fractures reported to the Norwegian 
Hip Fracture Register. Acta Orthop. 2018;89(6):615–21.

 406. Campbell ST, Bala A, Jiang SY, Gardner MJ, Bishop JA. Are factor Xa 
inhibitors effective thromboprophylaxis following hip fracture surgery?: 
A large national database study. Injury. 2017;48(12):2768–72.

 407. Gaitanidis A, Breen KA, Christensen MA, Saillant NN, Kaafarani HMA, 
Velmahos GC, Mendoza AE. Low‑molecular weight heparin is superior 
to unfractionated heparin for elderly trauma patients. J Surg Res. 
2021;268:432–9.

 408. Jacobs BN, Cain‑Nielsen AH, Jakubus JL, Mikhail JN, Fath JJ, Regenbo‑
gen SE, Hemmila MR. Unfractionated heparin versus low‑molecular‑
weight heparin for venous thromboembolism prophylaxis in trauma. J 
Trauma Acute Care Surg. 2017;83(1):151–8. https:// doi. org/ 10. 1097/ TA. 
00000 00000 001494.

 409. Ko A, Harada MY, Barmparas G, Chung K, Mason R, Yim DA, Dhillon 
N, Margulies DR, Gewertz BL, Ley EJ. Association between enoxa‑
parin dos‑ age adjusted by anti‑factor Xa trough level and clini‑
cally evident venous thromboembolism after trauma. JAMA Surg. 
2016;151(11):1006–13.

 410. Berndtson AE, Costantini TW, Lane J, Box K, Coimbra R. If some is good, 
more is better: an enoxaparin dosing strategy to improve pharmaco‑
logic venous thromboembolism prophylaxis. J Trauma Acute Care Surg. 
2016;81(6):1095–100.

 411. Chang TT, Schecter WP. Injury in the elderly and end‑of‑life decisions. 
Surg Clin North Am. 2007;87(1):229–45.

 412. Richmond T, Kauder D, Strumpf N, Meredith T. Characteristics and 
outcomes of serious traumatic injury in older adults. J Am Geriatr Soc. 
2002;50(2):215–22.

 413. Battistella F, Din A, Perez L. Trauma patients 75 years and older: long‑
term follow‑up results justify aggressive management. J Trauma. 
1998;44(4):618–23.

 414. Fakhry S, Kercher K, Rutledge R. Survival, quality of life, and charges in 
critically III surgical patients requiring prolonged ICU stays. J Trauma. 
1996;41(6):999–1007.

 415. Stricker K, Cavegn R, Takala J, Rothen H. Does ICU length of stay influ‑
ence quality of life? Acta Anaesthesiol Scand. 2005;49(7):975–83.

 416. Kon AA, Shepard EK, Sederstrom NO, Swoboda SM, Marshall MF, Birriel 
B, et al. Defining futile and potentially inappropriate interventions: A 
Policy Statement from the Society of Critical Care Medicine Ethics Com‑
mittee. Crit Care Med. 2016;44(9):1769–74.

 417. Morris RS, Milia D, Glover J, Napolitano LM, Chen B, Lindemann E, et al. 
Predictors of elderly mortality after trauma: a novel outcome score. J 
Trauma Acute Care Surg. 2020;88(3):416–24.

 418. Konda S, Gales J, Manoli A, et al. Development of a middle‑age and 
geriatric trauma mortality risk score: a tool to guide palliative care 
consultations. Bull Hosp Jt Dis. 2016;74:298–305.

 419. Lott A, Haglin J, Saleh H, Hall J, Egol KA, Konda SR. Using a validated 
middle‑age and geriatric risk tool to identify early (<48 h) hospital mor‑
tality and associated cost of care. J Orthop Trauma. 2018;32(7):349–53.

 420. Konda S, Lott A, Saleh H, Schubl S, Chan J, Egol K. Risk assessment of 
a middle‑aged and geriatric trauma population? Geriatr Orthop Surg 
Rehabil. 2017;8(4):225–30.

 421. Hwang F, Pentakota SR, Mcgreevy CM, Glass NE, Livingston DH, 
Mosenthal AC. Preinjury Palliative Performance Scale predicts functional 
outcomes at 6 months in older trauma patients. J Trauma Acute Care 
Surg. 2019;87(3):541–51.

 422. McGreevy CM, Bryczkowski S, Pentakota SR, Berlin A, Lamba S, 
Mosenthal AC. Unmet palliative care needs in elderly trauma patients: 
can the Palliative Performance Scale help close the gap? Am J Surg. 
2017;213(4):778–84. https:// doi. org/ 10. 1016/j. amjsu rg. 2016. 05. 013.

 423. Maxwell CA, Dietrich MS, Miller RS. The FRAIL questionnaire: a useful 
tool for bedside screening of geriatric trauma patients. J Trauma Nurs. 
2018;25(4):242–7.

 424. Livingston DH, Lavery RF, Mosenthal AC, Knudson MM, Lee S, Morabito 
D, et al. Recovery at one year following isolated traumatic brain injury: A 
western trauma association prospective multicenter trial. J Trauma ‑ Inj 
Infect Crit Care. 2005;59(6):1298.

https://doi.org/10.1016/j.thromres.2016.09.030
https://doi.org/10.1016/j.thromres.2016.09.030
https://doi.org/10.5812/atr.32915
https://doi.org/10.1097/TA.0000000000001494
https://doi.org/10.1097/TA.0000000000001494
https://doi.org/10.1016/j.amjsurg.2016.05.013


Page 60 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18 

 425. Mosenthal AC, Lavery RF, Addis M, Kaul S, Ross S, Marburger R, et al. 
Isolated traumatic brain injury; age is an independent predictor of 
mortality and early outcome. J Trauma. 2002;52(5):907–11.

 426. LeBlanc J, de Guise E, Gosselin N, Feyz M. Comparison of functional out‑
come following acute care in young, middle‑aged and elderly patients 
with traumatic brain injury. Brain Inj. 2006;20(8):779–90.

 427. Ross A, Pitts L, Kobayashi S. Prognosticators of outcome after major 
head injury in the elderly. J Neurosci Nurs. 1992;24(2):88–93.

 428. Lilley EJ, Williams KJ, Schneider EB, Hammouda K, Salim A, Haider AH, 
et al. Intensity of treatment, end‑of‑life care, and mortality for older 
patients with severe traumatic brain injury. J Trauma Acute Care Surg. 
2016;80(6):998–1004.

 429. Aziz HA, Lunde J, Barraco R, Como JJ, Cooper Z, Hayward T, et al. 
Evidence‑based review of trauma center care and routine palliative 
care processes for geriatric trauma patients; A collaboration from the 
American Association for the Surgery of Trauma Patient Assessment 
Committee, the American Association for the Surgery. J Trauma Acute 
Care Surg. 2019;86(4):737–43.

 430. Cocanour CS. End‑of‑life care in trauma. J Trauma Acute Care Surg. 
2015;79(6):891–6.

 431. Khoujah D, Martinelli AN, Winters ME. Resuscitating the critically ill 
geriatric emergency department patient. Emerg Med Clin North Am. 
2019;37(3):569–81.

 432. Baimas‑George M, Yelverton S, Ross SW, Rozario N, Matthews BD, Reinke 
CE. Palliative care in emergency general surgery patients: reduced 
inpatient mortality and increased discharge to hospice. Am Surg. 
2021;87(7):1087–92.

 433. Haines KL, Jung HS, Zens T, Turner S, Warner‑Hillard C, Agarwal S. Barri‑
ers to hospice care in trauma patients: the disparities in end‑of‑life care. 
Am J Hosp Palliat Med. 2018;35(8):1081.

 434. Mosenthal AC, Murphy PA, Barker LK, Lavery R, Retano A, Livingston DH. 
Changing the culture around end‑of‑life care in the trauma intensive 
care unit. J Trauma. 2008;64(6):1587–93. https:// doi. org/ 10. 1097/ TA. 
0b013 e3181 74f112.

 435. Dolmans RGF, Robertson FC, Eijkholt M, van Vliet P, Broekman MLD. 
Palliative care in severe neurotrauma patients in the intensive care unit. 
Neurocrit Care. 2023. https:// doi. org/ 10. 1007/ s12028‑ 023‑ 01717‑1.

 436. Ball CG, Navsaria P, Kirkpatrick AW, Vercler C, Dixon E, Zink J, et al. The 
impact of country and culture on end‑of‑life care for injured patients: 
Results from an international survey. J Trauma Inj Infect Crit Care. 
2010;69(6):1323–34.

 437. Hoffman MR, Morris R, Smith T, Denslow S, Schurr M. Early comfort 
care following operative intervention for traumatic injury. Am Surg. 
2020;86(8):933–6.

 438. Fiorentino M, Hwang F, Pentakota SR, Livingston DH, Mosenthal AC. Pal‑
liative care in trauma: not just for the dying. J Trauma Acute Care Surg. 
2019;87(5):1156–63.

 439. Aziz HA, Lunde J, Barraco R, et al. Evidence‑based review of trauma 
center care and routine palliative care processes for geriatric trauma 
patients; A collaboration from the American Association for the Surgery 
of Trauma Patient Assessment Committee, the American Association 
for the Surgery of Trauma Geriatric Trauma Committee, and the Eastern 
Association for the Surgery of Trauma Guidelines Committee. J Trauma 
Acute Care Surg. 2019;86(4):737–43. https:// doi. org/ 10. 1097/ ta. 00000 
00000 002155.

 440. Karlekar M, Collier B, Parish A, Olson L, Elasy T. Utilization and determi‑
nants of palliative care in the trauma intensive care unit: results of a 
national survey. Palliat Med. 2014;28(8):1062–8.

 441. Davies A, Tilston T, Walsh K, Kelly M. Is there a role for early palliative 
intervention in frail older patients with a neck of femur fracture? Geriatr 
Orthop Surg Rehabil. 2018;9:215145931878223.

 442. Schuijt H, Lehmann L, Javedan H, von Keudell A, Weaver M. A culture 
change in geriatric traumatology: holistic and patient‑tailored care for 
frail patients with fractures. J Bone Jt Surg Am. 2020;310:322–31.

 443. Leeper CM, Lin E, Hoffman M, Fombona A, Zhou T, Kutcher M, Rosen‑
gart M, Watson G, Billiar T, Peitzman A, Zuckerbraun B, Sperry J. Com‑
puted tomography abbreviated assessment of sarcopenia following 
trauma: The CAAST measurement predicts 6‑month mortality in older 
adult trauma patients. J Trauma Acute Care Surg. 2016;80(5):805–11. 
https:// doi. org/ 10. 1097/ TA. 00000 00000 000989.

 444. Malekpour M, Bridgham K, Jaap K, et al. the effect of sarcopenia 
on outcomes in geriatric blunt trauma. The American SurgeonTM. 
2017;83(11):1203–8. https:// doi. org/ 10. 1177/ 00031 34817 08301 120].

 445. Kupensky D, Hileman BM, Emerick ES, Chance EA. Palliative medicine 
consultation reduces length of stay, improves symptom management, 
and clarifies advance directives in the geriatric trauma population. J 
Trauma Nurs. 2015;22(5):261–5.

 446. Peitzman AB, Heil B, Rivera L, Federle M, Harbrecht BG, Clancy K, et al. 
Blunt splenic injury in adults: multi‑institutional study of the eastern 
association for the surgery of trauma. J Trauma‑Injury Infect Crit Care. 
2000;49(2):177–89.

 447. Leonard JM, Polites SF, Martin ND, Glasgow AE, Habermann EB, Kaplan 
LJ. Comfort care in trauma patients without severe head injury: In‑
hospital complications as a trigger for goals of care discussions. Injury. 
2019;50(5):1064–7. https:// doi. org/ 10. 1016/j. injury. 2019. 01. 024.

 448. Khang PS, Wang SE, Liu ILA, Watson HL, Koyama SY, Huynh DN, et al. 
Impact of inpatient palliative care on quality of end‑of‑life care and 
downstream acute and postacute care utilization. J Palliat Med. 
2018;21(7):913–23.

 449. Stonko DP, Etchill EW, Giuliano KA, et al. Failure to rescue in geriat‑
ric trauma: the impact of any complication increases with age and 
injury severity in elderly trauma patients. The American SurgeonTM. 
2021;87(11):1760–5. https:// doi. org/ 10. 1177/ 00031 34821 10540 72].

 450. Beekley AC. Damage control resuscitation: a sensible approach 
to the exsanguinating surgical patient. Crit Care Med. 2008;36(7 
Suppl):S267–74.

 451. Holcomb JB, Jenkins D, Rhee P, Johannigman J, Mahoney P, Mehta S, 
et al. Damage control resuscitation: directly addressing the early coagu‑
lopathy of trauma. J Trauma. 2007;62(2):307–10.

 452. van Ryn J, Stangier J, Haertter S, et al. Dabigatran etexilate – a novel, 
reversible, oral direct thrombin inhibitor: interpretation of coagula‑
tion assays and reversal of anticoagulant activity. Thromb Haemost. 
2010;103:1116–27.

 453. Samuelson BT, Cuker A, Siegal DM, Crowther M, Garcia DA. Laboratory 
assessment of the anticoagulant activity of direct oral anticoagulants: a 
systematic review. Chest. 2017;151:127–38.

 454. Adcock DM, Gosselin RC. The danger of relying on the APTT and PT 
in patients on DOAC therapy, a potential patient safety issue. Clin Lab 
Hematol. 2017;39:37–40.

 455. Ageno, Karaca MA, Erbil B, Ozmen MM. Use and effectiveness of pro‑
thrombin complex concentrates vs fresh frozen plasma in gastrointes‑
tinal hemorrhage due to warfarin usage in the ED. Am J Emerg Med. 
2014;32(6):660–4

 456. Beshay JE, Morgan H, Madden C, Yu W, Sarode R. Emergency reversal of 
anticoagulation and antiplatelet therapies in neurosurgical patients. J 
Neurosurg. 2010;112(2):307–18.

 457. Kalina M, Tinkoff G, Gbadebo A, Veneri P, Fulda G. A protocol for the 
rapid normalization of INR in trauma patients with intracranial hemor‑
rhage on prescribed warfarin therapy. Am Surg. 2008;74(9):858–61.

 458. O’Connell KA, Wood JJ, Wise RP, Lozier JN, Braun MM. Thromboembolic 
adverse events after use of recombinant human coagulation factor VIIa. 
JAMA. 2006;295(3):293–8.

 459. American Academy of Orthopaedic Surgeons Management of Hip 
Fractures in the Elderly Evidence‑ Based Clinical Practice Guideline 
https:// www. aaos. org/ globa lasse ts/ quali ty‑ and‑ pract ice‑ resou rces/ 
hip‑ fractures‑in‑the‑elderly/hip‑fractures‑elderly‑clinical‑practice‑
guideline‑4‑24‑19‑2.pdf Published September 5, 2014

 460. Grewal K, Atzema CL, Sutradhar R, Everett K, Horner D, Thompson C, 
Theodoropoulos J, Borgundvaag B, McLeod SL, de Wit K. Venous throm‑
boembolism in patients discharged from the emergency department 
with ankle fractures: a population‑based cohort study. Ann Emerg Med. 
2021;S0196–0644(21):00517–25.

 461. Kirchner T, Lefering R, Sandkamp R, Eberbach H, Schumm K, Schmal H, 
Bayer J, TraumaRegister DGU. Thromboembolic complications among 
multiple injured patients with pelvic injuries: identifying risk factors for 
possible patient‑tailored prophylaxis. World J Emerg Surg. 2021;16(1):42.

 462. Imberti D, Dentali F, Ivaldo N, Murena L, Paladini P, Castagna A, Barillari 
G, Guerra E, Tonello C, Castoldi F, Lazzaro F, Benedetti R, Camporese G, 
Porcellini G; RECOS Investigators. Venous Thromboembolism in Patients 

https://doi.org/10.1097/TA.0b013e318174f112
https://doi.org/10.1097/TA.0b013e318174f112
https://doi.org/10.1007/s12028-023-01717-1
https://doi.org/10.1097/ta.0000000000002155
https://doi.org/10.1097/ta.0000000000002155
https://doi.org/10.1097/TA.0000000000000989
https://doi.org/10.1177/000313481708301120]
https://doi.org/10.1016/j.injury.2019.01.024
https://doi.org/10.1177/00031348211054072]
https://www.aaos.org/globalassets/quality-and-practice-resources/hip
https://www.aaos.org/globalassets/quality-and-practice-resources/hip


Page 61 of 61De Simone et al. World Journal of Emergency Surgery           (2024) 19:18  

Undergoing Shoulder Arthroscopy: Findings From the RECOS Registry. 
Clin Appl Thromb Hemost. 2015;21(5):486–8

 463. Prince RM 3rd, Lubberts B, Buda M, Guss D, DiGiovanni CW. Sympto‑
matic venous thromboembolism after non‑operatively treated foot or 
ankle injury. J Orthop Res. 2019;37(1):190–6.

 464. Samuel AM, Diaz‑Collado PJ, Gala RJ, Webb ML, Lukasiewicz AM, 
Basques BA, Bohl DD, Kim HJ, Grauer JN. Thromboembolic events after 
traumatic vertebral fractures: an analysis of 190,192 patients. Spine 
(Phila Pa 1976). 2018;43(18):1289–1295

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	The 2023 WSES guidelines on the management of trauma in elderly and frail patients
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methodology
	Notes on the use of these guidelines

	Results
	Definitions
	Summary of evidence and discussion
	Summary of evidence and discussion

	Primary evaluationassessment
	Summary of evidence and discussion
	Summary of evidence and discussion
	Summary of evidence and discussion
	Summary of evidence and discussion

	Resuscitation
	Summary of evidence and discussion
	Summary of evidence and discussion
	Summary of evidence and discussion
	Summary of evidence and discussion
	Summary of evidence and discussion

	Management of oral anticoagulants
	Summary of evidence and discussion
	Summary of evidence and discussion

	Recommendation 4.3
	Summary of evidence and discussion

	Antibiotics, analgesia and anti-thrombotic prophylaxis
	Summary of evidence and discussion
	Abdominal penetrating and blunt trauma
	Thoracic blunt and penetrating trauma
	Traumatic limb fractures
	Burn patients
	Summary of evidence and discussion
	Neuraxial and peripheral regional anesthesia
	Thoracic trauma
	Abdominal trauma
	Summary of evidence and discussion

	Management of the end of life in  trauma setting for elderly patients
	Summary of evidence and discussion
	Summary of evidence and discussion

	Conclusions
	Acknowledgements
	References




