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ABSTRACT 
Entrapped patients may be simply entombed or experiencing crush injury or entanglement. 
Patients with trauma who are entrapped are at higher risk of significant injury than patients not 
entrapped. Limited access and prolonged scene times further complicate patient management. 
Although patient entrapment is a significant focus of specialty teams, such as urban search & res
cue (US&R) teams that operate as local, regional, and/or national resources in response to complex 
scenes and disaster scenarios, entrapment is a regular occurrence in routine EMS response. 
Therefore, all EMS clinicians must have the training and skills to manage entrapped patients and 
to support medically-directed rescue throughout the extrication process.

NAEMSP RECOMMENDS

� EMS clinicians must perform a timely and thorough primary and secondary assessment and 
reassessments in parallel with dynamic extrication planning; the environment may require 
adaption of standard assessment techniques and devices.
� EMS clinicians should establish early, clear, and ongoing communications with rescue personnel 

to ensure a coordinated patient-centered medically directed approach to extrication. 
Communication with the patient should be frequent, clear, and reassuring.
� EMS clinicians should immediately take measures to effectively prevent and manage hypothermia.
� EMS clinicians should recognize airway management in the entrapped patient is always chal

lenging. When required, advanced airway placement should be performed by the most experi
enced operator with proficiency in multiple modalities and alternative techniques in limited 
access situations.
� In entrapped patients who are experiencing or are at risk for crush syndrome, EMS clinicians 

should initiate large-volume (i.e., 1–1.5 L/h for adults and 20 mL/kg/h for pediatric patients for 
the initial 3–4 h) fluid resuscitation with crystalloid, preferably normal saline, as early as possible 
and prior to extrication.
� In entrapped patients who are experiencing or are at risk for crush syndrome, EMS clinicians 

should administer medications to mitigate risks of hyperkalemia, infection, and renal failure, 
early and prior to extrication.
� Tourniquet application should be considered in the setting of the crushed extremity as a 

potential adjunct to medical optimization before extrication of some patients.
� Patients with prolonged entrapment with the potential for severe injuries require complex 

resuscitation and may benefit from EMS physician management on scene. EMS systems should 
consider an early EMS physician response to entrapped patients.
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Introduction

Entrapment is a frequent occurrence encountered by 
Emergency Medical Services (EMS), commonly due to 
motor vehicle, industrial, or agricultural accidents (1–3). 
Entrapped patients may be entombed or experiencing crush 
injury or entanglement. Patients with trauma who are 
entrapped are at higher risk of significant injury and have 
greater mortality than patients not entrapped (3–5). Certain 

patient and environmental factors can lead to greater risk 
(5–7). Entrapment has also been associated with complica
tions including the development of acute traumatic coagul
opathy, infections, amputations, thromboembolism, and 
high rates of acute renal injury (8–16).

Up to 20% of deaths after entrapment occur shortly after 
extrication with rapid deterioration, often termed ‘death by 
rescue’ (17). Early field management can prevent a large 
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proportion of these deaths, mitigate complications, and 
improve outcomes, particularly for patients with crush syn
drome (17–19). Management is complicated by limited 
access and prolonged scene times, with median extrication 
times reported to be 30 min, leading to delays to definitive 
care (1). Confined space hazards, such as toxic and oxygen- 
deprived environments, may impose additional risks (20).

Large-scale incidents such as earthquakes can result in 
many entrapped victims leading to delays in care (7, 9, 10, 
21). Paradoxically for patients rescued, prolonged entrapment 
time may not be associated with worse survival, presumably 
because victims with mild injuries can survive longer without 
immediate rescue (22). Therefore, rescue efforts for entrapped 
victims may continue for prolonged periods. While specialty 
teams, such as urban search & rescue (US&R) teams operat
ing as local, regional, and/or national resources in response to 
complex scenes and disaster scenarios are particularly 
equipped to manage entrapped victims, EMS clinicians will 
be among the first to arrive at the scene.

All EMS clinicians must have the training and skills to 
assess and treat entrapped patients and must be knowledge
able about medically-directed rescue concepts and practices. 
We performed a systematic review of the literature to address 
a series of Patient, Intervention, Control, Outcome (PICO)- 
structured questions related to EMS care of entrapped 
patients. Based on a review of the current evidence, we pre
sent the National Association of EMS Physicians (NAEMSP) 
recommendations for optimal entrapped patient management.

Methods

PICO Questions

We identified five PICO questions a priori (Supplemental 
File Table 1). The questions were developed through initial 
literature review, collective experience of the investigators, 
and discussion to achieve consensus on the priorities for evi
dence-based guidance in managing entrapped patients. 
These included: (1) What initial assessment should be per
formed on the entrapped patient?, (2) What is the optimal 
fluid management for the entrapped patient?, (3) What is 
the optimal type, timing, and frequency of medications to 
administer for crush syndrome?, (4) Should tourniquets be 
applied to crushed limbs?, and (5) Does physician care at 
the scene improve outcomes for entrapped patients?.

Investigators identified three additional themes on review 
of the literature, which led to the development of three 
more PICO questions: (1) What additional interventions are 
essential for the entrapped patient with prolonged field time 
(e.g., temperature management)?, (2) How does the medical 
care integrate with rescue for the extrication of the 
entrapped victim?, (3) What is the best approach to airway 
management for the entrapped patient?.

Search Strategy

We performed a structured literature search using guidance 
developed for the NAEMSP Trauma Compendium. The 

search strategy was amended to identify literature relevant 
to EMS, trauma, and entrapped patients (23). We searched 
PubMed on October 27, 2022, with the assistance of a 
research librarian (AOG) for all available articles published 
through that date (Table 1). We searched Google for grey 
literature using a similar strategy of ‘EMS’ and ‘entrapment’ 
or ‘entrapped’ or ‘crush’. Literature in languages other than 
English, French, or Spanish were excluded.

Screening of Publications

Articles were uploaded into EndNote, which was used to 
eliminate duplicates. One investigator (NB) performed an ini
tial review of the title and abstract to exclude those unrelated 
to the topic, after which full articles were obtained. A single 
investigator (NB) reviewed the full-text manuscripts for inclu
sion/exclusion based on applicability to the PICO questions. 
Articles that addressed one or more of the PICO questions 
were retained. Publications that were unclear were brought to 
the group for discussion and consensus, with a general 
approach to retaining literature that applied directly or indir
ectly (e.g., evaluation of an intervention applicable to the 
entrapped patient in another austere environment with delays 
to definitive care such as military evacuation). The same 
investigator grouped the retained articles into content areas, 
according to the eight PICO questions, with articles address
ing multiple PICOs included in all relevant content areas.

Evidence Evaluation

The investigators divided the PICO questions to review the 
relevant literature. One investigator was identified as the lead 
for each content area. The lead investigator reviewed the full- 
text articles and identified any relevant references that were 
missed on the initial search. Those references were referred to 
NB to screen and to include in the relevant content areas. 
Each investigator lead prepared a narrative summary of the 
applicable literature in their content area(s) and presented the 
summary to the group. The group met five times from 
January to March 2023 to discuss the summaries of evidence 
until consensus was reached on the recommendation for each 
content area based on the available evidence. Once investiga
tors completed recommendations for all content areas, the 
entire group reviewed the set of recommendations as a whole 
to ensure universal agreement and consistency.

Results

The search results are provided in Figure 1. The initial search 
of PubMed yielded 753 articles and 3 additional documents 
were added from the grey literature resulting in 756 records 
for screening, of which 581 were excluded on title and 
abstract review. Of the 175 remaining records, one report was 
not retrieved. Ninety-one were excluded. Review of the refer
ences from the retained records added 18 new articles that 
were not identified in the literature search. In total, 101 
articles were included in the final review and were sorted by 
topic, with many records addressing more than one PICO.
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Table 1. Search strategy.

“EMS” Search Terms

Search Terms Search String

MESH Terms Emergency Medical Dispatch 
Emergency Medical Services Communication Systems 
Emergency Medical Technicians 
Transportation of Patients

“Emergency Medical Dispatch”[Mesh] OR 
“Emergency Medical Service Communication Systems”[Mesh] OR 
“Emergency Medical Technicians”[Mesh] OR 
“Transportation of Patients”[Mesh] OR

Text Search air medical 
air medicine 
aeromedical 
aero-medical 
aeromedicine 
aero-medicine 
ambulance�

emergency medical service�

emergency medical technician�

emergency services 
ems 
emt 
field triage 
first responder�

paramedic�

prehospital 
pre-hospital

“air medical”[Title/Abstract] OR 
“air medicine”[Title/Abstract] OR 
“aeromedical”[Title/Abstract] OR 
“aero-medical”[Title/Abstract] OR 
“aeromedicine”[Title/Abstract] OR 
“aero-medicine”[Title/Abstract] OR 
“ambulance�”[Title/Abstract] OR 
“emergency medical service�”[Title/Abstract] OR 
“emergency medical technician�”[Title/Abstract] OR 
“emergency services”[Title/Abstract] OR 
“ems”[Title/Abstract] OR 
“emt”[Title/Abstract] OR 
“field triage”[Title/Abstract] OR 
“first responder�”[Title/Abstract] OR 
“paramedic�”[Title/Abstract] OR 
“prehospital”[Title/Abstract] OR 
“pre-hospital”[Title/Abstract]

“Entrapped Patient” Search Terms

Search Terms Search String

MESH Terms Crush Injuries 
Crush Syndrome

"Crush Injuries"[MeSH Terms] OR 
"Crush Syndrome"[MeSH Terms] OR

Text Search collapsed structure 
confined space 
crush�

entrapped 
extricat�

limited access 
entanglement�

amputation�

"collapsed structure”[Title/Abstract] OR 
"confined space”[Title/Abstract] OR 
"crush�”[Title/Abstract] OR 
“entrapped”[Title/Abstract] OR 
"extricat�”[Title/Abstract] OR 
“limited access”[Title/Abstract] OR 
“entanglement�”[Title/Abstract] OR 
“amputation�”[Title/Abstract]

Figure 1. Literature search flow diagram. Studies may contribute to multiple categories.
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We developed eight recommendations based on the eight 
PICO questions. These recommendations addressed patient 
assessment, team communications, prevention of hypother
mia, approach to airway management, fluid administration, 
treatment of crush injury and crush syndrome, tourniquet 
application, and the role of physician management on scene.

Discussion

Patient Assessment

EMS Clinicians Must Perform a Timely and Thorough 
Primary and Secondary Assessment and Reassessments in 
Parallel with Dynamic Extrication Planning; the 
Environment May Require Adaption of Standard 
Assessment Techniques and Devices

Twenty articles discussed assessment of the entrapped victim 
(Supplemental File Table 2). Entrapped patients have potential 
for lethal complications, including dysrhythmias due to crush 
syndrome and shock from hemorrhage and/or fluid losses (24, 
25). Multiple authors emphasize the importance of early and 
ongoing assessments to drive priorities in management and opti
mize rescue planning (17, 24, 26–30). Guidelines from the 
International Search and Rescue Advisory Group (INSARAG) 
and the European Renal Association and the European Dialysis 
and Transplant Associations emphasize immediate assessment of 
the victim once contact is established (19, 31). An initial verbal 
assessment can provide important information such as mental 
status, complaints, comorbidities, and events leading up to the 
injury (17). Kotora and colleagues describe use of a camera to 
allow for early assessment of an entrapped patient in a confined 
space who could not be accessed, to guide management and res
cue efforts (32). Delaying assessment and interventions can 
increase mortality (33). Furthermore, rapid assessment is impor
tant in the triage of multiple victim incidents (34).

Specific assessments recommended include vital signs and 
electrocardiographic monitoring for dysrhythmias (24, 35, 
36), and pulse oximetry (17, 28, 36, 37). However, resources 
may be constrained due to the environment and/or circum
stances (17, 24, 38), and evaluation of the entrapped patient 
is often challenging with limited space and access (17, 36). 
The noisy environment, due to extrication efforts, may 
make assessments such as auscultation difficult if not impos
sible (28). Some authors describe initiating assessment with 
limited equipment, relying on mental status, work of breath
ing, pulse rate, and quality (24). EMS clinicians may need to 
adapt the equipment to the environment. This can include 
use of long cables in order to keep the cardiac monitor 
away from the physically restrained area around the patient 
(36) or relying on the pulse oximetry as a sign of perfusion 
and to assess complications from large-volume fluid resusci
tation (24). Ultimately, EMS clinicians need to balance the 
benefits of assessment tools with the complications of man
aging the patient in a limited space environment.

For prolonged entrapment, ongoing monitoring of fluid 
status through urine output is recommended (17, 24, 35). 
Specialty teams may also use point-of-care testing to assess 
values such as electrolytes and lactate, which can be indica
tors of developing crush syndrome and direct important 

management (24, 39). While not currently in common prac
tice, some have explored the role of ultrasound to assess for 
crush injury in animal models (40). Once priorities of resus
citation are complete, secondary assessment and wound 
management should be performed to prevent complications 
including infection (41). Although not discussed in the 
reviewed literature, given the risk of hypothermia discussed 
in a later section, we also recommend monitoring the 
patient’s temperature through quantitative or qualitative 
means. It is important to cover the patient immediately after 
exposure required to complete assessment (17).

Coordination and Communication

EMS Clinicians Should Establish Early, Clear, and Ongoing 
Communications With Rescue Personnel to Ensure a 
Coordinated Patient-Centered Medically Directed 
Approach to Extrication. Communication with the Patient 
Should Be Frequent, Clear, and Reassuring

Eight studies addressed the importance of reliable and 
ongoing communications for the successful rescue of entrapped 
patients (Supplemental File Table 3). Common themes included 
an emphasis on the need for coordination between medical and 
rescue personnel to establish priorities. This coordination 
requires ongoing communication and a mutual understanding 
of roles and responsibilities (1, 27–29, 42). Using the Delphi 
method, a group of experts on extrication of entrapped victims 
in the United Kingdom (UK), identified 91 consensus statements 
regarding best practices for extrication and a main theme was 
patient-focused extrication. Statements in this category 
addressed various aspects of good patient communication 
including designating a team member for communication and 
companionship, referring to the patient by name, and providing 
ongoing explanations of the process using clear language (30). 
Establishing good communication with the patient was further 
emphasized in a qualitative study by Nutbeam et al., in which 
the authors conducted semi-structured interviews with 
entrapped victims at least 6 wk after the incident (43). 
Communication was identified as the main theme, with success
ful communication reinforcing the patients’ sense of well-being, 
and communications failures leading to distress (43). In addition 
to physical needs, the patient’s psychological needs are an impor
tant aspect of the care that should not be overlooked (43, 44). 
Further, several authors emphasized the importance of commu
nications with the hospital to ensure efficient transfer to defini
tive care (28, 42). Collectively, these studies demonstrate the 
importance of clear and continuous communication at all levels 
both to optimize the efficiency of the extrication and to ensure 
optimal medical and psychological care of the patient integrated 
with the rescue efforts.

Hypothermia Prevention

EMS Clinicians Should Immediately Take Measures to 
Effectively Prevent and Manage Hypothermia

Eleven studies addressed the prevention and/or treatment 
of hypothermia in entrapped patients (Supplemental File 
Table 4). Hypothermia increases mortality in patients with 
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trauma (45–49). This risk may be compounded in entrapped 
patients. The need for extrication has been associated with 
increased risk for hypothermia (50), and both entrapment 
and hypothermia increase risk of coagulopathy, which has 
been further associated with high mortality (8). Patients 
with severe hypothermia are at risk for fatal dysrhythmias, 
which can be triggered by the extrication process (32, 51). 
Hypothermia can occur in entrapped victims despite rela
tively high environmental temperatures given their pro
longed exposure time (17). Wet environments, wind, and 
loss of protective skin layer due to injuries such as burns 
increase risk (32, 50, 52). Once present, hypothermia can be 
difficult to correct, so it is important to initiate steps to pre
vent hypothermia immediately (49, 53). Further, patients 
may be unaware of the cold due to the stress of the event, 
so EMS clinicians must be proactive in their management 
(43). Authors suggest taking simple steps such as covering 
patients immediately after any assessments requiring expos
ure and having ‘hypothermia prevention kits’ that can be 
rapidly deployed to keep the patient warm (27, 28). A case 
report by Kotora et al., describes use of forced hot air to 
warm a patient trapped deep in a pipe while extrication 
efforts were underway and subsequent efforts to keep the 
patient warm after extrication including staging the decon
tamination area inside a building, and use of warm blankets, 
warm fluids, and warm humidified oxygen (32). Henriksson 
and colleagues evaluated the thermal insulating properties of 
different blankets and commercial recue bags in simulated 
environments under different wind conditions (52). The 
authors found that in low wind conditions, thermal insula
tion effectiveness correlated with the thickness of the ensem
bles. However, in moderate or high wind conditions, an 
outer windproof layer was necessary to preserve the thermal 
insulation. Use of layered blankets, with an outer metallic 
foil or plastic covering in higher wind conditions, is prac
tical for EMS clinicians and could meet the need.

Airway Management

EMS Clinicians Should Recognize Airway Management in 
the Entrapped Patient is Always Challenging. When 
Required, Advanced Airway Placement Should Be 
Performed by the Most Experienced Operator with 
Proficiency in Multiple Modalities and Alternative 
Techniques in Limited Access Situations

Eighteen articles contributed to the literature on airway 
management in entrapped patients (Supplemental File Table 
5). Entrapped patients are at high risk for respiratory com
promise, particularly those entrapped in collapsed structures 
or industrial and agricultural accidents due to particulate mat
ter in the air leading to dust impaction and pulmonary irrita
tion (17, 33, 36). Additional risks include low-oxygen 
environments, noxious gases and other potential hazardous 
materials (17, 36). A mixed-methods study conducted by 
Pretto and colleagues after a major earthquake identified air
way compromise due to inhalation injury and/or obstruction 
as a main cause of preventable death (33). This was consistent 
with other reports (29) and a reason authors recommend 

applying a dust mask early, or at least when particulate matter 
is high (17). Authors emphasize the challenges of airway man
agement due to environmental factors, including confined 
space, limited positioning, and low lighting (17, 36). Steps 
taken to provide spinal motion restriction further complicate 
airway management (29).

Given the difficulty, some authors feel direct laryngos
copy (DL) is ‘impractical’ and suggest alternative solutions 
such as lighted stylets and digital intubation (36). Case 
reports and cohort studies demonstrate that traditional 
approaches to airway management are not always feasible, 
and EMS clinicians must be able to use alternative techni
ques (4, 37, 54–56). Use of supraglottic airways (SGAs) is 
increasingly common in EMS. Several case series have dem
onstrated successful use of SGAs in entrapped patients with 
some patients subsequently intubated after extrication 
(54–56). Simulation studies generally found SGAs easier and 
faster to place in entrapped victims compared with DL or 
video laryngoscopy (VL) (57–61). While a recent Cochrane 
Review found VL to be superior to DL in the in-hospital 
environment (62), data are more limited in the prehospital 
environment (63). Some manikin studies have found that 
VL performs better than DL in entrapment scenarios (59, 
64), however, this is not consistent across studies and 
depends upon clinician experience and orientation of access 
to the patient (65, 66). In one study comparing cricothyroi
dotomy tools in a confined space simulation, device simpli
city was preferred (67).

Ultimately EMS clinicians need to consider the risks of 
the chosen airway management strategy, including failure to 
secure the airway after medication administration, or an 
unrecognized dislodgment of an endotracheal tube during 
patient movement, along with the potential benefits. Being 
facile with multiple techniques allows for better optimization 
of the strategy for the individual circumstances.

Fluid Resuscitation

In Entrapped Patients Who Are Experiencing or Are at 
Risk for Crush Syndrome, EMS Clinicians Should Initiate 
Large-Volume (i.e., 1–1.5 L/h for Adults and 20 mL/kg/h for 
Pediatric Patients for the Initial 3–4 h) Fluid Resuscitation 
with Crystalloid, Preferably Normal Saline, as Early as 
Possible and Prior to Extrication

Thirty-three papers were identified that discussed preho
spital fluid management in the entrapped patient 
(Supplemental File Table 6). Published studies consistently 
stress the importance of early, aggressive fluid management 
in patients at risk of crush syndrome as well as those with 
signs of poor perfusion, which should be initiated as soon as 
is feasible and ideally prior to extrication (4, 17, 19, 28, 35, 
36, 41, 68–75). The entrapped patient may suffer both crush 
injury as well as develop crush syndrome. The latter mani
fests systemically through traumatic rhabdomyolysis with 
subsequent release of toxic metabolites into the bloodstream 
causing metabolic derangement, which, along with seques
tration of fluid, external volume losses, and vasodilation, 
leads to shock (24, 68, 70–72). Almost 50% of those with 
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crush syndrome will develop acute renal failure as a result 
of both the massive third-space losses, which may reach 10– 
18 L/day, as well as direct injury from rhabdomyolysis (68, 
72, 74, 75). Further, the sudden release of a crushed body 
part can result in a potentially lethal reperfusion syndrome 
(71, 76, 77).

Fluid administration must be sufficient to address these 
loses and prevent complications. Both the INSARAG Medical 
Guidelines and the Joint Trauma Clinical Practice Guidelines 
emphasize that initiating fluid resuscitation prior to extrication 
is one of the most important actions in entrapped patients 
with crush (31, 35). Although the preference is to establish 
intravenous (IV) access, alternate routes can be considered 
when IV access is not possible, including intraosseous (IO), 
hypodermoclysis (subcutaneous), and oral routes (19, 35, 77). 
Authors generally recommend the administration of 1–1.5 L/h 
of normal saline in the acute phase for adults (17, 19, 24, 35, 
68–71, 73, 78–80). Volume resuscitation for pediatric patients 
was not specifically addressed so we extrapolated an equivalent 
weight-based volume. After 3–4 h, the rate can be decreased 
by 50% (19, 68–70). However, Mardones and colleagues rec
ommend continuing the initial rate throughout the rescue 
phase if the patient does not have comorbidities (79). Urine 
output measurement can be the best guide to appropriate 
resuscitation and should be at least 1–2 mL/kg/h (24, 44). 
Caution should be taken if the patient is elderly, has comor
bidities, or is anuric (69). The limited data available suggest 
entrapped patients may be under-resuscitated in the field 
(81–83). There may be hesitation to provide aggressive fluid 
resuscitation due to concern about precipitating bleeding; 
however, existing literature does not recommend permissive 
hypotension in this group. There may be a need to balance 
the possibility of ongoing hemorrhage with the need for fluid 
resuscitation in entrapped patients at risk of crush syndrome 
(4, 72, 84). Over-resuscitation in the general trauma patient 
may be harmful due to the risk of coagulopathy and acidosis 
(85, 86). Therefore, this recommendation should not be 
applied beyond the patient at significant risk for crush syn
drome and balanced with the other needs of the patient.

There has been a move toward using balanced solutions 
such as lactated Ringer’s (LR) in the resuscitation of the crit
ically ill patient. In the setting of entrapment authors consist
ently highlighted the importance of avoiding any solution 
that contains potassium (19, 24, 68, 69, 73, 78, 79). However, 
there is a lack of data comparing crystalloid solutions or 
demonstrating harm from LR. Therefore, we feel the benefit 
of fluid resuscitation outweighs the theoretical risk and EMS 
clinicians should administer available crystalloid, with a pref
erence for normal saline when available. Excess free water 
must also be avoided due to the risk of hyponatremia (83). 
The most common recommendation was for initial boluses of 
normal saline in the acute phase followed by transition to 
alternating normal saline and dextrose solutions with the add
ition of bicarbonate to alkalinize the urine (17, 69, 70, 72, 74, 
80). Although not specifically addressed in the literature, 
given the risk for hypothermia, the authors believe warm flu
ids should be considered when feasible.

Data on the use of blood products in entrapped patients 
are limited to case reports (87–92). These patients are at 
increased risk for traumatic coagulopathy and some authors 
raise concerns about fluid resuscitation contributing to hemo
dilution (8, 88). Shackelford and colleagues demonstrated the 
benefits to blood products on survival in combat casualties, in 
whom there is also a delay to definitive care (93). Other stud
ies have shown benefits for civilian trauma patients (94–96). 
Alternative products to improve oxygen-carrying capacity have 
also been explored in animal models (97). Ultimately, if blood 
products are available, they should be considered for resuscita
tion in entrapped patients (30) and administered early to those 
with signs of hemorrhagic shock (98).

Crush Treatment

In Entrapped Patients Who Are Experiencing or Are at 
Risk for Crush Syndrome, EMS Clinicians Should 
Administer Medications to Mitigate Risks of Hyperkalemia, 
Infection, and Renal Failure, Early and Prior to 
Extrication

Thirty-six papers addressed the medical management of 
crush injury and its sequela in the entrapped patient 
(Supplemental File Table 7). Crush syndrome is common in 
entrapped victims and has been reported in up to 40% of 
survivors extricated from collapsed structures, many of 
whom develop complications including renal failure (17, 
36). Crush syndrome, due to ischemic muscle damage, can 
occur in as little as one hour, with muscle necrosis occur
ring at four hours (13, 71, 72). Early management, prior to 
extrication, can prevent these complications (36), whereas 
lack of treatment prior to extrication may result in sudden 
cardiac death due to reperfusion of entrapped muscle and 
sudden hyperkalemia and acidemia (33, 76, 77). The exact 
timing for medication administration has not been estab
lished, however, authors consistently recommend treatment 
prior to extrication (24, 68, 73, 77, 78, 80, 83).

Fluid resuscitation is paramount, as are treatments to 
mitigate early and late causes of death are important (80). 
Table 2 provides a summary of our recommendations based 
on the literature. The majority of authors discuss the use of 
sodium bicarbonate as an effective treatment for hyperkale
mia and/or for the prevention of renal failure (15, 17, 19, 
31, 38, 41, 68–72, 74, 76–80, 82, 84, 88, 99–101). 
Administration of sodium bicarbonate is recommended 
prior to extrication in order to prevent early dysrhythmias 
from hyperkalemia (17, 19, 24, 31, 72, 77, 78, 80). 
Administration of calcium gluconate or calcium chloride is 
also generally recommended in this acute phase (13, 17, 19, 
31, 35, 68, 69, 72, 77, 78, 99, 100). High doses of the beta-2 
agonist albuterol will further lower serum potassium levels 
by transiently driving it intracellularly (17, 19, 31, 35, 68, 69, 
77, 100). However, if operating in a confined space, one 
must consider the risk of combustion with oxygen infused 
into the environment. The combined administration of 
intravenous insulin and glucose will similarly drive potas
sium into cells (17, 19, 31, 35, 69, 72, 76, 77, 99). Sodium 
polystyrene (kayexalate) is less commonly recommended, 
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but may be considered for prolonged management (13, 19, 
31, 35, 69, 74, 99); although it will lower potassium levels, it 
is slow in onset and has undesirable side effects including 
vomiting and diarrhea. Newer medications such as sodium 
zirconium (Lokelma) have generally replaced kayexalate for 
in-hospital management but are not addressed in the litera
ture reviewed and are not in common use in the out-of-hos
pital setting (102).

To the goal of renal protection, authors recommend an 
infusion of sodium bicarbonate in dextrose 5% in water 
(D5W), targeting a total of 200 to 300 mEq in the first 24 h, 
to alkalinize the urine to a pH of 6.5 (13, 68, 70, 72, 73, 99, 
101, 103). Mannitol use, though often discussed, is contro
versial (79, 80, 103). It is recommended as an adjunct for 
use only after the patient’s urine output has been established 
and can be accurately monitored since it is harmful to a 
patient who is oliguric or anuric (17, 31, 68, 69, 71–74, 78, 
101, 104, 105). Therefore, we believe mannitol should be 
deferred to hospital management, outside of austere envi
ronments with extensive delays to definitive care and where 
additional monitoring is possible.

Additional considerations are the management of pain and 
mitigation of complications including sepsis. Analgesics are an 
important consideration in entrapped patients (43). In addition 
to commonly used opioids, ketamine is safe and effective and 
has been used to manage pain in entrapped patients (106, 107). 
Nonsteroidal anti-inflammatories should be avoided due to 
nephrotoxicity. Sepsis is a major cause of mortality in patients 
with crush syndrome (13–15). Given the prolonged field care, 
early administration of broad-spectrum antibiotics is recom
mended and can be safely done by EMS clinicians (24, 35, 
108–110). In a systematic review, the most common infective 
organisms following crush injuries were gram-negative bacilli 
(67%), followed by acinetobacter, pseudomonas, and gram- 
positive cocci (41). Therefore, broad-spectrum antibiotics such 
as ertapenem or a cephalosporin in combination with an ami
noglycoside are recommended (35, 41, 110).

Tourniquet Placement

Tourniquet Application Should Be Considered in the 
Setting of the Crushed Extremity as a Potential Adjunct to 
Medical Optimization before Extrication of Some Patients

Nineteen studies were available that addressed tourniquet 
placement in the entrapped victim (Supplemental File Table 

8). While multiple authors have published case reports and 
suggested the potential benefit of tourniquet placement to pre
vent lethal dysrhythmias upon extrication of entrapped 
patients (77, 111, 112), we found no studies that evaluated the 
effectiveness of tourniquets applied before extrication to pre
vent the complications of crush syndrome. Several guidelines 
in both the civilian and military settings have recommended 
tourniquet application on crushed extremities at the time of 
extrication while acknowledging the lack of evidence to sup
port this practice (35, 99). In theory, application could allow 
for safe extrication followed by medical optimization and con
trolled release. Multiple review articles discussing the patho
physiology and management of crush injury also recommend 
this practice (13, 15, 24, 42, 44, 105). However, other authors 
cite insufficient evidence to routinely support tourniquet 
placement for this indication (19, 71, 73). The INSARAG 
guidelines recommend that tourniquet use be reserved for life- 
threatening bleeding (31).

For the indication of hemorrhage, the safety and effect
iveness of tourniquets have been well established. Numerous 
studies have demonstrated that tourniquets are safe when 
applied for hemorrhage control in penetrating trauma 
(113–125). Tourniquets have been associated with a low 
incidence of renal failure and compartment syndrome (113, 
119, 121, 122, 124, 126), and are rarely associated with limb 
amputation (113–116, 119, 120, 122, 124, 125). Studies of 
more prolonged tourniquet application, exceeding two 
hours, in rural or combat settings have demonstrated safety 
and efficacy, with one case of limb preservation after 16 h 
(113, 120, 127, 128). Prolonged tourniquet use has been 
associated with rare complications, including nerve palsies, 
compartment syndrome, rhabdomyolysis, and thrombosis 
(125, 129–132). As such, care must be taken to minimize 
tourniquet use to the shortest duration feasible. Further, it is 
unclear how much the crush injury to the limb may increase 
the risk of complications.

Entrapped patients have higher mortality from hemor
rhage (25). For hemorrhage control amenable to a tourni
quet, we believe tourniquets should be placed. This may 
include positioning of tourniquets before extrication on 
entangled limbs that are mangled and at risk for hemor
rhage, with the ability to rapidly tighten as needed for hem
orrhage control. However, when using tourniquets 
specifically for the indication of crush, the EMS clinician 

Table 2. Recommended medications for management of crush injury and crush syndrome.

Medication Recommendation

Sodium Bicarbonate 8.4%, 50mEq slow IV push Always administer when feasible prior to release of crushed body part� and/ 
or for signs of hyperkalemiaCalcium Gluconate 10%, 10 mL or Calcium Chloride 10%, 5 mL slow IV push

Albuterol Sulfate 2.5 mg/3 mL, 10 mg or Albuterol Sulfate 90 mcg MDI, 16 
puffs inhaled

Insulin Regular 10 units IV AND Administer if available prior to release of crushed body part� and/or for signs 
of hyperkalemia50% Dextrose, 50 mL or 10% Dextrose, 250 mL IV

Mannitol 20%, 1-2 g/kg IV every 4 h Not routinely recommended; consider for prolonged field care and only if 
adequate urine output is established and monitored

Polystyrene sulfonate 25-50 grams PO or PR Not routinely recommended; consider for prolonged field care only
Ertapenem 1 g IV or Cefazolin 1 g IV AND gentamycin 1.5 mg/kg IV Administer if available, recommended for prolonged field care

Adult dosing provided; weight-based dosing recommended for pediatric patients based on local protocols. Redosing may be necessary based on duration of 
action and field care duration.
�Risk of crush syndrome is related to the amount of compressive force, involved muscle mass, and duration of compression. The crushed body part should be 

entrapped for at least 1 or more hours and contain significant muscle mass (typically thigh, pelvis, shoulder girdle) for empiric treatment.
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should balance the potential risks of placement against the 
risk of reperfusion with hyperkalemia and acidemia leading 
to fatal dysrhythmias.

Physician Response

Patients with Prolonged Entrapment with the Potential for 
Severe Injuries Require Complex Resuscitation and May 
Benefit from EMS Physician Management on Scene. EMS 
Systems Should Consider an Early EMS Physician Response 
to Entrapped Patients

Rapid transport to the trauma center is important for the 
outcome of patients with severe trauma. However, entrapped 
patients offer a unique challenge, since they have prolonged 
scene times and delay to definitive care. Given the risk of 
early mortality, bringing higher-level care to the patient may 
be of benefit (103, 133). Twenty-eight articles discussed 
physician scene care for patients entrapped or in other aus
tere settings with delays to definitive care (Supplemental File 
Table 9).

Entrapped patients require high-level clinical decision- 
making and complex resuscitation to manage both medical 
and trauma complications, integrated with rescue efforts 
(36). Several reports highlight that, with prolonged scene 
times or in austere settings, physicians provide benefits due 
to their ability to adapt protocolized treatment to complex 
pathophysiology (32, 34, 88, 89, 91, 92, 134, 135). Apodaca 
and colleagues demonstrated that physician-led teams con
ferred a survival benefit for patients with moderate and 
severe trauma in the combat setting (136). Although not 
specific to entrapped patients, several systematic reviews 
evaluating the influence of physician presence on-scene for 
severely injured patients have also found an association 
between physician care at the scene and lower mortality 
(137, 138).

Entrapped patients may require procedures that may be 
beyond the scope of practice of paramedics (104). Reports 
note a wide range of procedures performed by physicians on 
scene or during transport including regional anesthesia (88, 
139, 140), fracture management (141), transfusion of blood 
products (89–92), fasciotomies (103), and procedural sed
ation (141). There are multiple case reports and one obser
vational study of physicians performing amputations on 
scene (42, 89–91, 142–144). Having the appropriate equip
ment and technique matters (143, 145–147). Additionally, 
while it may be possible to train paramedics to perform 
advanced procedures (145,147,148), physicians on scene 
offer benefits beyond their procedural skills, including deci
sion-making support and peri-procedural management of 
analgesia and sedation that may reduce morbidity and mor
tality (26, 32, 88, 139, 141, 149, 150). Hospital-based and/or 
specialty teams may also bring resources not always rou
tinely available, such as blood products, to the scene.

Having system protocols and regular training opportuni
ties for physician responders is important (92, 134, 151). 
However, there is some debate over the background of phys
ician responders. Several studies from European EMS sys
tems, with a long history of physician field response, 

emphasize the importance of physicians with adequate skills 
and field training to integrate with EMS clinicians on scene 
(26, 29, 135). Similarly, Orr et al., highlight the benefits of 
emergency physicians with adequate experience given the 
complex situations (34), and Stewart notes responding 
physicians should be trained specifically in prehospital emer
gency care (42). One group discussed the use of trauma sur
geons given their experience with performing amputations 
but acknowledged the lack of field experience was a chal
lenge (152). Lack of adequate training and experience in 
field care in physician responders can inhibit rescue (142). 
Recognizing that training and experience is more important 
than the type of clinician (153), the consensus of the authors 
was that EMS physicians are the most qualified and should 
be prioritized for the response (154, 155).

Considerations for Implementation

Resource limitations for staffing, equipment, and training 
may be barriers to the implementation of these recommen
dations. In particular, systems may not have readily available 
EMS physicians for field response. Although not addressed 
in the literature specific to this population, telemedicine is 
increasingly used in EMS and may be an alternative method 
to provide clinical guidance though this will not address 
scope of practice limitations. Ensuring primary education 
and ongoing training opportunities for EMS clinicians in the 
care of the entrapped patient is important for successful 
implementation. Establishing partnerships with local Urban 
Search & Rescue teams, as well as other specialized EMS 
teams and agencies that focus on medically-directed rescue 
may offer opportunities for hands on training. In our 
experience, this has been an effective method for collabora
tive training with EMS clinicians, alongside physicians and 
nurses who may assist with field response.

Limitations

These recommendations must be considered in the context 
of their limitations. The literature search was performed on 
a single database with one investigator (NB) screening the 
articles for inclusion. We did not use Grading of 
Recommendations, Assessment, Development, and 
Evaluations (GRADE) methodology or perform risk of bias 
assessments. While there was literature available for each of 
the identified content areas, much of the available evidence 
was based on descriptive literature on disaster events, case 
reports, and small retrospective or simulation studies. Given 
the gaps in the literature, investigators pulled from their col
lective experience in addition to the evidence available. In 
particular, there is a lack of data demonstrating the optimal 
dose and timing of medications for crush. There remains 
the potential for harm due to the administration of unneces
sary medications as EMS clinicians attempt to assess the risk 
of crush syndrome. Therefore, the role of education and 
training is paramount. Further, the role of the EMS phys
ician and EMS clinicians’ scope of practice and integration 
of technologies continue to evolve. All EMS systems must 
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consider the scope of practice of the EMS clinicians and the 
practice environment when operationalizing these recom
mendations. Resource limitations may impact the implemen
tation of these recommendations, and in particular, the 
ability to deploy certain technologies and personnel includ
ing EMS physicians to the scene.

This position statement and resource document were 
developed based on the evidence available at the time of the 
literature review. It should be reviewed and updated five 
years after its publication, or earlier if substantial relevant 
new literature is identified. The review process should 
include a search and synthesis of new and relevant evidence 
since publication, with consideration for modifications or 
new recommendations as needed.

Conclusion

All EMS clinicians must have the training and skills to man
age entrapped patients. Best practices include performing a 
timely thorough assessment with the use of remote assess
ment strategies when necessary, establishing clear communi
cations among the team and with the patient, taking 
measures to prevent and treat hypothermia, optimizing air
way management strategies, initiating large-volume fluid 
resuscitation and medications in patients at risk for crush 
syndrome, and considering tourniquet placement and phys
ician field response.
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