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Introduction: Mechanical restraint is an exceptional intervention used in pa-
tients with severe psychomotor agitation and high-risk behaviors when less
restrictive measures have failed. However, conventional thoracic restraint sys-
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tems lack standardization and may be associated with respiratory complica-
tions, mechanical injuries, and medicolegal concerns. The Kendrick Extrica-
tion Device (KED), widely used for the extrication and immobilization of

trauma patients, possesses structural characteristics that could make it a com-
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plementary alternative for trunk stabilization during mechanical restraint.
Objective: To evaluate, through a critical review of the available literature and
an analysis of the device’s structural characteristics, the feasibility of using the
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(OROR o s

Kendrick Extrication Device as a complementary tool for mechanical restraint
in patients with severe psychomotor agitation, while examining its potential
benefits, limitations, risks, and clinical, operational, and medicolegal implica-
tions. Materials and Methods: A critical narrative review of the scientific lit-
erature was conducted, focusing on the KED, prehospital immobilization, me-
chanical restraint, patient safety, respiratory complications, positional asphyxia,
hyperactive delirium, and agitation associated with substance use. In addition,
a comparative analysis of the biomechanical and operational characteristics of
the KED and conventional thoracic restraint systems was performed. Results:
The analysis identified potential structural and procedural advantages of the
KED derived from its standardized design and application technique. The re-
viewed literature reported no neurological deficits attributable to its use, alt-
hough reductions in certain pulmonary function parameters were described.
No clinical studies validating its use as a mechanical restraint device in psy-
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chiatric patients or formal recommendations supporting this indication in in-
ternational guidelines were identified. Conclusions: The Kendrick Extrication
Device may represent a complementary alternative for trunk stabilization in
selected prehospital emergency settings. Nevertheless, the absence of specific
clinical evidence, potential respiratory limitations, and medicolegal consider-
ations currently preclude recommending its routine use. Prospective clinical
studies are needed to establish its safety, effectiveness, and evidence-based in-
dications.
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1. Introduction

Mechanical restraint is an exceptional medical intervention intended to tempo-
rarily restrict the movement, or part of the movement, of patients who pose an
immediate risk to themselves, others, or healthcare personnel when less restrictive
interventions have failed or proved insufficient. Its use is common in emergency
departments, psychiatric units, prehospital emergency medical services, and other
acute care settings where severe psychomotor agitation, violent behavior, or cer-
tain confusional states represent an imminent threat to safety. Nevertheless, cur-
rent evidence indicates that all forms of physical restraint are associated with po-
tential medical, psychological, ethical, and medicolegal complications. Conse-
quently, their application should be guided by strict criteria regarding indication,
proportionality, continuous monitoring, and thorough documentation within the
patient’s medical record.

The most relevant complications include musculoskeletal injuries, compressive
neuropathies, respiratory impairment, cardiovascular events, and, in rare cases,
fatalities related to positional asphyxia or physiological deterioration occurring
during episodes of extreme agitation [1] [2]. These risks become particularly sig-
nificant in patients experiencing substance-induced intoxication, hyperactive de-
lirium, or severe psychomotor agitation, in whom increased metabolic demand
and cardiorespiratory compromise may substantially increase vulnerability to any
form of physical immobilization [3].

Although several restraint devices have been specifically designed and validated
for immobilizing the extremities, thoracic restraint systems currently used in
many healthcare institutions remain highly heterogeneous regarding materials,
dimensions, and methods of application. Conventional chest restraint devices (“vest
restraints”) exemplify this variability, frequently lacking formal validation of their
technical specifications. Furthermore, adverse events related to device displace-
ment, inadequate thoracic compression, and restraint-associated injuries have been

reported.
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The Kendrick Extrication Device (KED) is a well-established immobilization
device widely used in prehospital emergency medicine for the semi-rigid stabili-
zation and extrication of trauma patients. Its standardized structural design, uni-
form distribution of fixation points, and well-established application technique
suggest that it could represent a complementary option for trunk stabilization dur-
ing mechanical restraint [4]-[10]. However, its use in patients with severe psycho-
motor agitation has not been scientifically validated, and the available evidence
remains scarce. Therefore, a critical appraisal of its potential advantages, limita-
tions, and patient safety considerations is warranted before considering its incor-
poration into psychiatric emergency and prehospital care protocols, as well as be-
fore designing clinical research aimed at evaluating, validating, and quantitatively

assessing its potential role in this setting.

2. Objective

The aim of this study was to evaluate, through a critical review of the available
literature and an analysis of the structural characteristics of the device, the feasi-
bility of using the Kendrick Extrication Device (KED) as a complementary tool
for mechanical restraint in patients presenting with severe psychomotor agitation
and high-risk behaviors. In addition, the study sought to examine its potential
benefits, limitations, associated risks, patient safety considerations, and its opera-
tional and medicolegal implications, particularly in psychiatric emergency set-
tings and prehospital management of patients with substance-induced intoxica-

tion.

3. Materials & Methods

A critical narrative review of the available scientific literature was conducted fo-
cusing on the Kendrick Extrication Device (KED) (Figure 1), prehospital immo-
bilization devices, and mechanical restraint strategies used in patients with severe
psychomotor agitation. Publications addressing patient safety, respiratory com-
plications associated with physical restraint systems, positional asphyxia, hyper-
active delirium, substance-induced agitation, and medicolegal issues related to the

use of coercive measures in mental health care were also reviewed.

Figure 1. Kendrick Extrication Device (KED) and application technique.
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The literature search was conducted using the electronic databases PubMed/MED-
LINE, Scopus, Google Scholar, and the Cochrane Library. This search was com-
plemented by a review of the manufacturer’s technical documentation for the
Kendrick Extrication Device (KED), clinical practice guidelines, and consensus
statements issued by emergency medicine and psychiatric emergency societies.
The following search terms were used individually and in combination with Bool-
ean operators: Kendrick Extrication Device, mechanical restraint, psychiatric emer-
gency, psychomotor agitation, severe agitation, hyperactive delirium, excited de-
lirium, positional asphyxia, patient safety, prehospital care, substance intoxication,
and ketamine. Publications published between 1988 and 2025 were prioritized,
while earlier landmark publications were included when they provided founda-
tional information regarding the KED or mechanical restraint practices.

Articles were eligible for inclusion if they consisted of original studies, system-
atic or narrative reviews, expert consensus statements, clinical practice guidelines,
or institutional technical documents addressing the use of the KED, mechanical
restraint, patient safety, severe psychomotor agitation, hyperactive delirium, or
prehospital emergency care. Duplicate publications, studies lacking full-text avail-
ability, reports with limited methodological quality when higher-level evidence
was available, and publications not directly related to the objectives of this review
were excluded.

Subsequently, a descriptive analysis of the structural, biomechanical, and oper-
ational characteristics of the Kendrick Extrication Device was performed using
the available technical documentation, manufacturer’s instructions for use, and
specialized literature. The identified findings were compared with the advantages
and limitations reported for conventional thoracic restraint systems currently em-
ployed in psychiatric emergency settings.

A total of 25 references were included and classified into four thematic catego-
ries: 1) studies on the Kendrick Extrication Device (KED) and prehospital immo-
bilization; 2) studies addressing mechanical restraint, patient safety, and restraint-
related adverse events; 3) clinical practice guidelines, expert consensus statements,
and evidence-based recommendations on psychiatric emergencies and the man-
agement of acute agitation; and 4) publications focusing on hyperactive delirium,
stimulant intoxication, positional asphyxia, and pharmacological management of
severe agitation.

The available evidence was synthesized using a critical narrative approach to
identify the potential advantages, limitations, patient safety considerations, oper-
ational implications, and future research priorities regarding the use of the KED
as an adjunctive device for trunk stabilization during mechanical restraint.

The analysis considered patient safety, operational applicability, prevention of
restraint-related adverse events, potential utility in prehospital emergency care,
and the ethical and medicolegal implications of its possible incorporation into

emergency care protocols.
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4. Results

From a patient safety perspective, the literature consistently identifies mechanical
restraint as one of the major challenges in the management of psychiatric emer-
gencies. Although these interventions are often unavoidable in situations involv-
ing imminent risk, they are associated with potentially serious complications, par-
ticularly musculoskeletal injuries, respiratory compromise, cardiovascular events,
and adverse outcomes related to prolonged immobilization.

Thoracoabdominal restraint systems used to complement limb restraints ex-
hibit considerable heterogeneity in their structural characteristics and methods of
application. Among these, conventional chest restraint devices (“vest restraints”)
lack universal standardization regarding materials, dimensions, and fastening
mechanisms. Reports have described adverse events associated with device dis-
placement, inadequate thoracic compression, and their potential contribution to
ventilatory restriction and positional asphyxia.

The available literature describes the Kendrick Extrication Device (KED) as a
semi-rigid immobilization device specifically designed to stabilize the head, neck,
and trunk during the extrication of trauma patients. Its standardized application
technique and widespread use among prehospital emergency medical services
represent important operational advantages. The studies reviewed did not report
neurological motor or sensory deficits attributable to its use and demonstrated
only minimal changes in the FEV1/FVC ratio. Nevertheless, reductions in certain
pulmonary function parameters were observed and should be carefully considered
when contemplating its use in patients with acute psychiatric disorders.

No clinical studies evaluating the use of the KED as a mechanical restraint de-
vice in patients with severe psychomotor agitation or acute psychiatric illness were
identified. Likewise, neither the manufacturer’s instructions for use nor interna-
tional emergency medicine or psychiatric emergency guidelines currently recom-
mend this indication. However, a prehospital protocol proposed by the Chilean
Emergency Medical Service (SAMU) describes its use as an alternative method for
trunk stabilization in agitated patients, although this practice has not yet been val-
idated through prospective or comparative clinical studies.

Opverall, the available evidence suggests that the KED possesses potential struc-
tural and operational advantages over conventional thoracic restraint systems.
However, the lack of condition-specific clinical evidence precludes definitive con-
clusions regarding its effectiveness and safety in patients with severe psychomotor
agitation, whether or not associated with psychoactive substance use. Further-
more, considering the pathophysiology of acute psychiatric conditions compli-
cated by stimulant intoxication—particularly cocaine use—and the substantial
risk of hyperactive delirium with potentially fatal physiological deterioration, the
use of the KED in this specific clinical scenario should be regarded as contraindi-

cated until robust clinical evidence demonstrates its safety (Figure 2) [23]-[25].

5. Discussion

Mechanical restraint remains one of the most complex and controversial
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The FEV,/FVC ratio Reduction in pulmonary
showed no significant function parameters
differences at 5 or 30

minutes [23.24]. @

No pre- or post-extrication
changes in motor or
sensory neurological
function were observed
[25].

v Hemodynamically unstable patients @

== v Patients with groin injuries
|\/ Situations requiring rapid extrication@
Precautions
Improper application or
use without adequate training
may result in additional injuries.

@ Patients with suspected hyperactive delirium

Figure 2. Comparative analysis of the advantages and disadvantages of the Kendrick Extri-
cation Device (KED).

interventions in emergency medicine, particularly in psychiatric emergency care
and the prehospital setting. Although current international recommendations
continue to emphasize that its use should be restricted to exceptional situations
involving an imminent risk of harm to the patient or others after less restrictive
interventions have failed, everyday clinical practice demonstrates that it remains
an indispensable tool in cases of severe psychomotor agitation, violent behavior,
psychoactive substance intoxication, and hyperactive delirium. Contemporary prac-
tice increasingly recognizes that minimizing the harm associated with coercive in-
terventions has become a major objective of quality improvement and patient safety
programs in emergency medicine and mental health care. This approach is con-
sistent with international consensus recommendations in emergency psychiatry,
which state that mechanical restraint should be used only as a measure of last re-
sort within a management algorithm that prioritizes verbal de-escalation, envi-
ronmental interventions, and early pharmacological sedation [11]-[13].

The proposal presented by our research group is innovative in that it explores
the potential role of the Kendrick Extrication Device (KED), originally designed
for spinal immobilization during the extrication of trauma patients, as an adjunc-
tive device for mechanical restraint. This concept arises from a well-recognized
clinical challenge: the lack of standardization among thoracic restraint systems
currently used in psychiatric patients requiring trunk stabilization. Unlike con-

ventional chest restraint devices (“vest restraints”), which are frequently manu-
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factured using different materials, dimensions, and fastening mechanisms accord-
ing to institutional practices, the KED offers a standardized structural design, cer-
tified materials, and a well-established application protocol. From a safety engi-
neering perspective, such standardization could theoretically promote a more ho-
mogeneous distribution of restraining forces while reducing device displacement
during episodes of severe agitation. Several quality improvement programs have
demonstrated that the implementation of standardized protocols, simulation-
based training, and systematic review of mechanical restraint episodes reduces both
the frequency and duration of coercive interventions, while also decreasing the
incidence of associated adverse events [12]-[14].

Published studies have demonstrated that the use of the KED does not produce
significant changes in the FEV1/FVC ratio during the first minutes following ap-
plication, findings consistent with those reported by Ay ef al and Carnicer et al
in healthy volunteers. Likewise, no motor or sensory neurological deficits attribut-
able to the device have been reported, reflecting the extensive experience accumu-
lated in trauma care. Nevertheless, these same studies documented reductions in
selected pulmonary function parameters, particularly those related to thoracic ex-
pansion. This finding represents the principal concern regarding the potential ap-
plication of the KED in patients experiencing acute psychiatric disorders.

The clinical relevance of this limitation becomes even greater in patients with
extreme agitation associated with stimulant intoxication. Hyperactive delirium
has been characterized by intense sympathetic activation, hyperthermia, meta-
bolic acidosis, increased oxygen consumption, excessive catecholamine release,
and a high risk of sudden cardiorespiratory collapse. These patients frequently
exhibit prolonged physical struggle, progressive metabolic exhaustion, and severe
physiological deterioration, all of which may precipitate life-threatening compli-
cations even in the absence of mechanical restraint. Accordingly, several authors
have emphasized that mortality in these clinical scenarios is multifactorial and
cannot be attributed solely to physical restraint, but rather to the complex inter-
action among metabolic, toxicological, cardiovascular, and respiratory factors [3]
[15]-[17].

For this reason, contemporary emergency medicine has shifted its focus from
physical control alone toward the achievement of rapid, safe, and physiologically
protective sedation [17]-[19]. Within this framework, the potential role of the
KED should not be viewed as a substitute for pharmacological sedation but rather
as a standardized adjunct within a multimodal approach to the management of
severe agitation. Current evidence suggests that prolonged physical restraint alone
may increase the risk of adverse events, whereas the combination of verbal de-esca-
lation techniques, early pharmacological sedation, continuous physiological mon-
itoring, and the least restrictive mechanical restraint necessary represents a safer
and more evidence-based strategy. The Project BET A recommendations consider
early pharmacological sedation to be the treatment of choice when verbal de-es-

calation is ineffective, reserving mechanical restraint primarily to facilitate the safe
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administration of pharmacological treatment and to minimize the immediate risk
to both patients and healthcare personnel [20].

From a practical perspective, even if future studies were to demonstrate the
safety and effectiveness of the Kendrick Extrication Device (KED) for this indica-
tion, its use should be restricted to carefully selected patients and implemented
only within previously established institutional protocols. Its potential application
should be limited to patients with severe psychomotor agitation requiring trunk
stabilization as an adjunct to conventional mechanical restraint, provided there is
no suspicion of hyperactive delirium, hyperthermia, respiratory insufficiency, he-
modynamic instability, thoracic trauma, or any other condition contraindicating
its use. Furthermore, the device should be applied exclusively by personnel trained
in both KED application and mechanical restraint techniques, as well as in the
management of acute agitation. Continuous monitoring of physiological param-
eters (including respiratory rate, oxygen saturation, heart rate, blood pressure, body
temperature, and level of consciousness) should be considered mandatory through-
out the procedure, in accordance with the institutional mechanical restraint pro-
tocol currently implemented by the Buenos Aires City Government. Likewise, im-
mediate access to pharmacological sedation, advanced airway management, and
resuscitation resources should be available whenever this strategy is employed,
recognizing that the KED should never replace pharmacological interventions or
definitive treatment of the underlying clinical condition.

Another important consideration is the risk of positional asphyxia. For decades,
this phenomenon has been a major concern in both clinical practice and medi-
colegal investigations. Although experimental physiological studies have yielded
variable findings, there is broad agreement that certain restraint positions, partic-
ularly when combined with obesity, stimulant intoxication, intense physical exer-
tion, or external thoracic compression, may contribute to respiratory compro-
mise. Consequently, any restraint device capable of restricting chest wall expan-
sion should be used with particular caution in patients with markedly increased
metabolic demand. A theoretical advantage of the KED lies in its ability to stabilize
the trunk while avoiding restraint positions traditionally considered to carry a
higher risk of respiratory impairment. However, this hypothesis remains un-
proven and should be evaluated through well-designed randomized controlled
clinical trials comparing the KED with existing thoracic restraint systems.

Patient safety constitutes another fundamental dimension of this analysis. Re-
cent evidence indicates that reducing the use and adverse consequences of coer-
cive interventions depends not only on technical improvements but also on or-
ganizational factors. Continuous professional training, standardized protocols,
simulation-based education, and systematic auditing of adverse events are essen-
tial components of modern quality improvement programs [21] [22]. From this
perspective, one of the principal potential advantages of the KED is the availability
of a standardized application procedure already familiar to most emergency med-

ical personnel.
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The medicolegal implications of any restrictive intervention must also be care-
fully considered. Mechanical restraint involves important ethical, legal, and regu-
latory responsibilities. Comprehensive documentation of the clinical indication,
alternative interventions attempted, duration of restraint, physiological monitor-
ing, and patient outcomes is essential to ensure clinical accountability and legal
traceability. Technological innovation in healthcare does not reduce professional
responsibility; rather, it reinforces the need to generate robust scientific evidence
supporting any new application of existing medical devices.

Finally, several methodological limitations of the present study should be acknowl-
edged. First, this work represents a critical narrative review and a conceptual pro-
posal rather than an experimental or clinical investigation. Second, the available
evidence regarding the KED originates almost exclusively from trauma and sur-
gical settings, thereby limiting the external validity of extrapolating these findings
to psychiatric emergencies. Third, most of the published studies were conducted
in healthy volunteers or patient populations with physiological characteristics
substantially different from those encountered in individuals with acute psychiat-
ric agitation. Finally, the absence of controlled clinical trials precludes establishing
causal relationships or making evidence-based recommendations for clinical
practice.

Accordingly, the findings presented herein should be regarded as hypothesis-
generating and intended to stimulate future research. Prospective multicenter stud-
ies are required to evaluate respiratory, cardiovascular, metabolic, and operational
safety outcomes while directly comparing the KED with conventional mechanical
restraint systems in psychiatric patients. Only condition-specific clinical evidence
will determine whether the theoretical biomechanical advantages of the KED can
be translated into meaningful clinical benefits for patients with severe psychomo-
tor agitation, substance intoxication, or hyperactive delirium managed in emer-

gency departments and prehospital emergency medical services.

6. Conclusions

The structural, biomechanical, and procedural characteristics of the Kendrick Ex-
trication Device (KED) support its consideration as a potential adjunct to conven-
tional mechanical restraint techniques, particularly for trunk stabilization in
emergency and prehospital care settings. Its standardized design, uniform distri-
bution of fixation points, and widespread familiarity among emergency medical
personnel represent theoretical advantages that may enhance operational safety
and address some of the limitations associated with traditional thoracic restraint
systems.

Nevertheless, the currently available scientific evidence is insufficient to sup-
port the routine incorporation of the KED into the management of patients with
severe psychomotor agitation or acute psychiatric disorders, particularly when
psychoactive substance intoxication is present. The absence of condition-specific
clinical studies requires that any extrapolation of findings from trauma and sur-

gical settings to psychiatric emergencies be interpreted with considerable caution.
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Careful consideration must also be given to the contraindications and inherent
limitations of the device, especially those related to respiratory function. This pre-
caution is particularly relevant in patients presenting with hyperthermia, sus-
pected hyperactive delirium, or severe stimulant intoxication, conditions in which
increased metabolic demand and any reduction in thoracic expansion may further
increase the risk of adverse cardiorespiratory events (Figure 2).

Future implementation of the KED for this indication should therefore be pre-
ceded by rigorous clinical validation and supported by standardized institutional
protocols, appropriate staff training, and continuous physiological monitoring. Fi-
nally, well-designed prospective comparative studies are required to determine its
effectiveness, safety profile, complication rates, and impact on clinically relevant
outcomes. Such evidence will be essential to establish evidence-based recommen-
dations regarding the potential role of the Kendrick Extrication Device as an ad-
junctive tool for trunk stabilization in mechanically restrained patients with severe
psychomotor agitation managed in emergency departments and prehospital emer-

gency medical services.
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