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The purpose of this article is to identify and rank factors associated with
sudden death of individuals requiring restraint for excited delirium. Eigh-
teen cases of such deaths witnessed by emergency medical service
(EMS) personnel are reported. The 18 cases reported were restrained
with the wrists and ankles bound and attached behind the back. This
restraint technique was also used for all 196 surviving excited delirium
victims encountered during the study period. Unique to these data is a
description of the initial cardiopulmonary arrest rhythm in 72% of the
sudden death cases. Associated with all sudden death cases was strug-
gle by the victim with forced restraint and cessation of struggling with
labored or agonal breathing immediately before cardiopulmonary arrest.
Also associated was stimulant drug use (78%), chronic disease (56%),
and obesity (56%). The primary cardiac arrest rhythm of ventricular
tachycardia was found in 1 of 13 victims with confirmed initial cardiac
rhythms, with none found in ventricular fibrillation. Our findings indicate
that unexpected sudden death when excited delirium victims are re-
strained in the out-of-hospital setting is not infrequent and can be asso-
ciated with multiple predictable but usually uncontrollable factors. (Am J
Emerg Med 2001;19:187-191. Copyright ¢ 2001 by W.B. Saunders Com-
pany)

Presented in this article is a consecutive case series of 18
excited delirium sudden deaths after struggle and physical
restraint. In comparison with previous published data is that
all reported cases were cardiopulmonary arrests witnessed
by emergency medical service (EMS) paramedics and for
13 (72%) of the cases, the initial cardiac rhythm at the time
of paramedic assessment is described. The purpose of this
article is to identify and rank factors associated with sudden
death of individuals requiring restraint for excited delirium.

METHODS

Case series data were obtained by retrospective review of
the records of the Los Angeles County EMS Agency patient
encounter database and records from the Los Angeles
County Coroner’s Office. The study period was from De-
cember 1992 to December 1998. Cases of excited delirium
with respiratory or cardiac arrest were entered onto the
study if EMS paramedics witnessed the arrest at the scene.
Excluded were cases for which there was an obvious cause

During the past 2 decades, there have been reports ofof death identified by autopsy or those in which the victim

sudden, unexpected death of individuals suffering extreme systained cardiac arrest before EMS arrival. Data were
agitation or “excited delirium” immediately after being collected and confirmed as cases occurred, but a 1-year
physically restrained. Most often these individuals are re- delay was observed for initiation of study analysis to avoid
strained with the wrists and ankles bound and all 4 extrem- conflict with legal fact finding in cases being litigated.

ities attached securely behind the backTerms used to Before initiation of data collection, EMS personnel were
refer to this restraint procedure include hobble restraint, jnstructed that for restrained individuals they were to doc-
total appendage restraint procedure (TARP), and hog-tying.ument mental responsiveness, method of restraint, use of
Many factors including positional asphyxia secondary to prone versus lateral position, respiratory rate and quality of
restraint technique, drug toxicity, obesity, ethnicity, and preathing, initial cardiac rhythm, heart rate, description of
underlying heart disease with terminal cardiac rhythms have yvictim resistance at scene, witnessed or reported use of
been proposed as contributory to sudden death while re-choke-hold, taser, or capsicum (pepper) spray, and if appro-
strained for excited deliriurh.® Most controversy concern- priate, site of cardiac or respiratory arrest. M|dway through
ing these unexpected deaths has centered on the theory ofhe data collection period, during 1996, collection of the
positional or restraint asphyxia as a primary contributing data elements were again emphasized to personnel during
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training sessions on proper restraint techniques in the field.
Data for this article were collected from original field re-
ports and a separate data collection instrument was not used.
Data that were not recorded on initial field reports was
obtained on an ongoing basis by structured telephone inter-
view of involved EMS field personnel. Data collected from
Coroner’s investigation reports included age, gender,
weight, height, heart weight, evidence for use of choke-
hold, taser, or capsicum spray, evidence of injury, vitreous
fluid glucose, and comprehensive toxicological tests for
both legal and illegal drugs. Evidence of other disease states
or past injuries was also collected from Coroner’s autopsy
reports.

Exact time delays in determining cardiac rhythm on ar-
rival of EMS personnel to the scene was not available.

187



188 AMERICAN JOURNAL OF EMERGENCY MEDICINE m Volume 19, Number 3 m May 2001

Standard EMS procedure for cardiopulmonary arrest was period, 81% were initially found in prone position on arrival
for one paramedic to immediately apply quick-look paddles of EMS and 9% in a lateral position, with positioning not
or patches to determine if ventricular fibrillation was present determined in 10%. None of those who suffered sudden
while the second paramedic managed the airway (all re- death while hobble restrained were found in a lateral posi-
sponding teams consisted of two paramedics). In this seriestion and therefore, calculation of a relative risk ratio for
delay occurred in assessment of cardiac rhythm because ofjnexpected death while in prone position was not possible.
the time required to release restraints and allow pIacementA“hough all sudden death victims were found prone, almost
of paddles or patches. In telephone debriefing sessions ofy)| of those who did not suffer death while restrained were
EMS personnel these delays were estimated to vary between, o in prone position on arrival of EMS. Therefore, our

30 to 190 seconds. L
. . t not allow for determination of how strong an -
Data were entered into a standard relational databasedaado ot allow for dete ation of now strong an asso

(Microsoft Access 97, Microsoft Corp., Redmond, WA) and ciation there is with prone positioning and sudden death

e o : ._while hobble restrained.
descriptive statistics calculated using SPSS Base 9.0 statis- Of the 20 EMS witnessed restrained. excited delirium

tical software (SPSS Inc., Chicago, IL). Descriptive statis- sudden deaths identified for study, 2 were excluded from

tics included calculation of 95% confidence intervals. the case series. one because he was found to have liaature
The study proposal and methods were reviewed and marks and cont’usions of the anterior neck and the segcond
approved by the first author’'s university affiliated institu- b the victi found to h anificant oul
tional review board and by the Coroner’s Office Research ecause the viclim was tound 1o have a signincant pul-
Review Committee. monary thromboem_bohsm. The _phys!cal characterlstlgs
of the study population are described in Table 1. For this
study, body mass index (BMI) was calculated using the
RESULTS formula, BMI = weight (kilograms) divided by height
(meters) squared. Ideal BMI is considered to be between
d20 to 25, preobese to be between 25 and 30, and obese
greater than 302 Heart weight at autopsy is also reported
with normal range for the study population considered
being 350 +/- 93 gramst3 As shown in Table 1, the
distribution of cases was equal among African American,
Hispanic, and Caucasian ethnic groups. One female vic-
tim was represented in the group. Table 2 lists the phys-
ical findings noted on initial assessment by EMS person-

During the period of December 1992 to December 1998,
there were 20 cases of excited delirium death associate
with struggle and restraint that were witnessed by EMS
personnel. All sudden death victims in the series had been
hobble restrained. The total number of persons with excited
delirium who were restrained during the study period is not
known because restrained excited delirium victims are often
taken directly by law enforcement to hospital emergency

departments or custody centers without calling for EMS nel. Cardiac rhvthm is onlv reported when the field
assistance. Local policies do not allow EMS use of hobble =" ! fy 4 Ib hy reported w . ' A
restraint procedures and during the study period it was noted", Y dn;'wlzciis ﬁonhwme 1oy p yz!uan rebV|ew Of. a co_mpuber
that law enforcement personnel placed all cases reported ined fiéld rhythm strip recording or by confirmation by
radio telemetry transmission to an EMS medical control

this article into hobble-type restraints. Toward the end of the b hospital. Data for confirmed initial cardiac rhvthm
data collection period, there was a decline in EMS responses ase hospital. Lata for co € al cardiac rhy

to restrained excited delirium victims. The average annual
number of _EMS responses during the StUdy period was 1ap| g 1. Physical Characteristics of Study Population
549,000, with 35% of the total calls considered para-

medic level responses. From 1993 through 1996 there was Ethnic Weight  Height Heart Wt
an annual average of 196,255 advanced life support (para- Patient  Age  Group  (kg) (em) BMI (gm)
medic level) EMS calls within the study population. During 1 35 HS 87 170 30 470
1993 to 1996, the use of restraints for excited delirium was 2 40 AA 113 180 35 450
documented an average of 47 times per year by EMS 3 37 AA 114 185 33 480
personnel and an average of 5 (11% of those restrained) 4 35 AA 72 168 26 340
were witnessed, unexpected sudden deaths. In 1997, there 5 30 CA 70 168 25 350
were 186,425 advanced life support responses within the  © 25 HS 99 178 31 410
study population. During 1997, there were 21 reported 7 24 HS 6 165 28 350
responses to persons with agitation in which restraints were S gf (H:g ;? 1;2 gg 2;8
used, with 3 (14.3 %) suffering cardi_opulmonary arrest. In g 30 CA 194 190 34 470
1998, there were 206,124 advanced life support responsesin 44 o5 CA 80 183 o4 380
the population, with response to 7 restrained excited delir- 15 43 CA 126 168 45 650
ium cases of which none had cardiopulmonary arrest. 13* 29 AA 84 160 33 330
Of the 216 restrained excited delirium victims encoun- 14 30 HS 74 165 27 410
tered during the study, all had been restrained in some form 15 37 CA 95 178 26 440
of hobble restraint, either loosely (TARP) or tightly (hog- 16 44 AA 88 178 28 500
tied). The TARP technique was used almost exclusively (in 17 28 HS 89 170 31 380
91% of those encountered) after 1996. Theoretically, prone h}:an 221 AA g? 1?2 gg j’jg
positioning as opposed to lateral positioning is considered (95% Cl) (29, '35) (82, 100) (172, 179) (27, 32) (380, 457)

an important component for potential positional asphyxia
while hobble restrainet®. 10 Of the 216 hobble restrained  Apbreviations: AA, African American; HS, Hispanic; CA, Caucasian.
individuals encountered by EMS personnel during the study * Only female in study group.
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TABLE 2. Physical Findings on Initial EMS Contact in the Field

Choke/Taser/
Patient Resp Rate (min) Response Cardiac Rhythm Heart Rate (min) Pepper
1 Agonal Obtunded VT NA
2 0 Unconscious ASY 0
3 Agonal Obtunded ASY 0 Taser
4 24 Agitated ST 136
5 Agonal Agitated AGO 50-60
6 Agonal Obtunded ASY 0
7 Agonal Obtunded ASY 0
8 0 Unconscious Taser/pepper
9 0 Unconscious Pepper
10 Agonal Obtunded JUNCT 50-60 Taser
hh| 0 Unconscious Taser/pepper
12 0 Unconscious
13* 3-5 Agitated JUNCT 40 Taser
14 Agonal Obtunded
15 Agonal Obtunded ASY 0
16 Agonal Obtunded ASY 0 Pepper
17 Agonal Obtunded BRADY 50 Pepper
18 22 Agitated ST 140 Pepper

Abbreviations: VT, ventricular tachycardia; ASY, asystole; AGO, slow, wide complex (agonal); JUNCT, junctional; ST, sinus tachycardia.
Note. Agonal respiratory rate indicates slow, shallow breathing pattern. Obtunded indicates conscious but moaning response only. Pepper
indicates use of capsicum spray.

* Female.

was available for 13 (72%) cases. Also listed in Table 2 against restraints and developed a labored or shallow
is the use by law enforcement of the choke hold, taser breathing pattern. Table 4 lists factors that have been
device, or capsicum spray as either observed or reportedidentified as associated with death from excited delirium
to paramedics or noted in Coroner’s reports. Listed in when restrained with correlation to the findings of this
Table 3 are the results of postmortem comprehensive case seried.5. 6. 9. 14. 15Chronic diseases were considered
toxicological analysis and specific autopsy findings. All to be present if identified by autopsy or known by history
victims struggled with law enforcement personnel before and are noted in Table 3. Patient number 17 in Tables 2
being restrained and all had superficial abrasions andand 3, listed as having evidence of an old cerebral con-
contusions of the body, including the head. Without tusion was not considered to have chronic disease
exception, all cardiopulmonary arrests where unantici- present. A BMI greater than 29 (midrange of preobese
pated and preceded by a short period (estimates 5 minutesange) was considered as evidence of obesity. Recent
or less) during which the victim ceased in struggling literature has described the importance of severe meta-

TABLE 3. Autopsy Findings

Patient Cocaine Amphetamine Other Drug Anatomic Findings
1 Yes No Ethanol Mild coronary artery disease
2 Yes No Myocarditis/cardiomegaly
3 Yes No Cardiomegaly/fatty liver
4 No Yes
5 Yes Yes Ethanol Fibrotic heart
6 No No
7 Yes Yes Right ventricular hypertrophy
8 No Yes
9 Yes No Ethanol
10 No No Marijuana Fibrotic heart/fatty liver
11 Yes Yes Ethanol
12 No No Cardiomegaly/fatty liver
13* Yes No
14 No Yes Phencycl Left ventricular hypertrophy
15 No Yes Myocardial hypertrophy
16 Yes No Ethanol Cardiomegaly
17 Yes No Old cerebral contusion
18 No No

* Female.
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TABLE 4. Potential Factors Associated With Death While Hobble with the individual in prone position while being subdued
Restrained for Excited Delirium and initially restrained. After the “take down” phase, the
% Factor % Factor indiyidual may b(_e further restrained into a hobbled_, prone
Factor Present Absent position? The entire process of subduing and restraining an
uncooperative individual may have high risk for causing
Excited delirium 100% 0 ventilation compromise.
Hobble restraint 100% 0 All sudden death and the 196 surviving excited delirium
Prone position . 100% 0 victims in our population were restrained using some form
Forceful struggle against 100% 0 . L L
restraint p_f hobble restramt..Earher in the stu.dy, victim’'s 4 extrem-
Stimulant drug use (positive 78% 2004 ities were usually tightly bound behind the back and after
toxicology test) mid-1995 the extremities were more loosely bound. Other
Autopsy evidence of 56% 44% than the variation in tightness of binding, hobble-type tech-
chronic disease state nigues were exclusively used in the subduing of victims of
Obesity (BMI > 29 56% 44% excited delirium. Current evidence for an association of
kg/meters?) mechanical asphyxia from hobble restraints in the circum-
Known chronic cocaine use 45% : stance of excited delirium is based on observational autopsy
(by history) . . reportst-4 The concept has been questioned by demonstra-
Capsicum spray 33% 67% tion in healthy, exercised volunteers that the hobble restraint
Taser device 28% 72% " . R . :
Primary cardiac (VF/VT) 8% 9% position results in a S|gn|f|cant decrease in both static ar)d
dysrhythmia (% of dynamic pulmonary function measurements but no hypoxia
confirmed rhythms) or hypercapnia related to restraint positftoa? Rather than
Neck compression 0 100% an association with a specific restraint procedure and sudden
Ethnic origin death, our data and current literature can only be said to
African American 33% indicate an association for risk of sudden death with excited
Hispanic 33% delirium that requires physical restraints to subdue an indi-
Caucasian 33% vidual.

Abbreviations: BMI, Body Mass Index; VF/VT, ventricular fibrillation/ In our study population, all of the sudden death victims
ventricular tachycardia. and 89% (155/174 for whom data were available) of those

* % without previous cocaine use uncertain because data from who did not suffer sudden death were restrained in a prone
available historical sources. position. The data presented do not support or refute the
prone position while hobble restrained as independently
associated with sudden death in the setting of excited delirium.
bolic acidosis in association with restraint related sud-  Two of the sudden death victims were free of toxicolog-
den death# Although recognizing the contribution of jcal evidence of drugs and without autopsy evidence of
this recent report, the presence of metabolic acidosis cardiac or other natural disease. The 2 did have other
was not determined in this study. Reported though is potential risk factors including both having a BMI that
observed struggle and fatigue against force from which placed them in the obese range and one subjected to capsi-
it can be assumed there was a high potential for devel- cum spray. In none of the cases in this series was there an
oping metabolic acidosis. Paramedics did not take patientabsence of all suspected potential risk factors for sudden
temperatures in the field and because all victims arrived death. Conversely, for other than excited delirium requiring
at receiving hospitals with ongoing resuscitation in restraint with struggle during restraint there were no risk
progress, our data did not allow for valid determination factors found present in every case. Although there was strug-

of the presence or absence of hyperthermia. gle in each case reported in this series there was no evidence
that head or other injury contributed to the sudden deaths.
DISCUSSION Obviously, underlying heart disease is a potential risk for

sudden death when considering the physical stress of ex-

A number of potential factors have been proposed as cited delirium and struggle against restraint. Although 13
contributing to death while restrained for excited delirium patients with initial cardiac rhythm description does not
(Table 4)3-6. 15, 16The favored factors include death attrib- allow for statistically significant conclusions, our data did
utable to stimulant drug toxicity (both acute and chronic not indicate that cardiac arrest was a predominate factor
effects), restraint asphyxia, and death secondary to under-associated with sudden death while hobble restrained for
lying heart or other chronic disease. Of these factors, re- excited delirium. The initial cardiac rhythm was docu-
straint asphyxia has been most controversial. mented and confirmed in 13 of 18 patients (72%). None of

Restraint asphyxia is a term that expands the concept ofthe victims were found initially to be in ventricular fibril-
positional asphyxia to include the process of subduing and lation, and only one (8% of confirmed) was in ventricular
restraining an individud.In the out-of-hospital setting, the tachycardia. Recent literature reports that 28% to 38% of
process of restraining a victim of excited delirium usually out-of-hospital primary cardiac arrests present with the
involves “take down” where the individual is forced to the rhythm of ventricular fibrillation or ventricular tachycar-
ground and the wrists bound behind the back. During this dial7-20When considering cardiac arrest actually witnessed
phase there is struggle by the individual with the potential by EMS personnel, there is a reported wide variation of 24%
for compression and restriction of the chest by placement of to 77% for ventricular fibrillation as the initial cardiac arrest
pressure (usually a knee or hand) on the back of the thoraxrhythm?2. 22|f primary cardiac arrest were strongly associ-
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ated with sudden death while hobble restrained for excited medical disease. A sign of impending cardiopulmonary
delirium, it would be expected that more victims would arrest while restrained for excited delirium is cessation of
have presented with ventricular fibrillation or ventricular struggle against restraints and onset of shallow or labored
tachycardia. It is acknowledged that because of delay in breathing. Alternative restraint methods either physical or
determination of initial rhythm because of the time neces- chemical and other techniques for control of victims of
sary to release restraints for initiation of resuscitation, some excited delirium should be explored and strongly consid-
victims could have had deterioration of ventricular fibrilla- ered.
tion to asystole.
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