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Introduction
Mechanical restraints in agitated, violent psychiatric
patients are still sometimes in use in the initial phase of
treatment, especially when patients are taken
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to hospital by law enforcement. A number of recent case
reports h:m: drawn attention o the possible hazards of
restraint [4, 9). Sudden death has occurred in
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3ummry Mechanical restraints in agitated. violent
patients are still in use in the initial

phase of emergency treatment, especially when patients
are taken to hospital by law enforcement. Sudden death
has oecurred in persons in hobble restraint, Cardiopul-
monary response to prone or upright hobble restraint lor
three minutes was investigated in six male volunteers in
a randomised crossover trial. Results: No change was
cbserved in the investigated cardiepulmonary parame-
fers after hobble restraint in the upright pesition. After
hobble restraint in the prone position, mean forced vital
~apacity decreased by 39.6%, mean forced exspiratory
olume by 41%, mean end-tidal carbon dioxide increased
by 14.7%. mean heart rate decreased by 21.3%, mean
systolic blood pressure decreased by 32.3%. mean dia-
stolic bleod pressure decreased by 26.1% and mean car-
diac output decreased by 37.4% (P for all reported
changes <0.01). Conclusion: Hobble restraint in the

persons in hobble re: under the observation of para-
medics [11]. Forensic literature explains these deaths by
asphyxia due to mechanical restraint [1, 10]. No wials
have been reported so far on the acute cardiorespirmtory
response 10 hobble restraint.

Methods

The study was performed as a randomised crossover trial.
Six male volunteers, aged 25 1o 35 years. mean weight 7.2+
11.3 kg, mean height 1,84 £ 0.09 m, took part afier informed
consent. All probands were healthy non-smokers and ok no
medication, No subject was under- or overweight, Subjects
were randomised 1o prone or upright hobble restraint for three
minutes. Ankles and wrists were tied behind the subjects” hack:
subjects either kneeled upright or were placed in a prone posi-
tion. The following cardiopulmonary measurements were per-
formed before mechanical restraint while the subjects were sit-
ting upright and afier three minutes of mechanical restraimt in
the respective position, Forced vital capacity (FVC) and forced
expiratory volume (FEV, ) were measured by spirometry (Vita-
tograph Ltd, Buckingham, UK). anerial oxygen saturation
(5p0;) by pulse oxymetry, end tidal carbon dioxide (ETCO;)
by capnometry and hean rate by ECG (all on a HP CMS patiemt
monitor system, Hewlett Packard, Palo Ao, California. USA),
Mon-invasive measurement of blood pressure and cardiac out-
put was performed using Portapres® (TNO, Amsterdam, Neth-
erlands), which is a new non-invasive device. The Portapres®
measures anerial blood pressure continwously and computes
cardiac sutput from an analysis of the pulse curve [7, 12],

Statistics

Direct comparison of each cardiopulmonary parameter
before and after hobble restrain in the respective position was
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Table 1. Cardicpulmonary parameters of six subjects before and afier three minutes of prone hobble restraint

Rest 3 min prone hobbde restraim Diff 95% C1 P

FEV (litres) 3931047 (X1 1.35 10 1.87 <0.01
FVC {litres) 4.67 £ 0.80 183 LIlw238 =001
RR.upu (mmEg) 12583 £7.81 40.67 28.33 1o 53.01 <001
RRaw (mmHg) 73332516 1917 9.03 10 29.31 =001
HE/min 81,5692 17.33 12.75 to 21.92 <0.01
CO (lires) 535+ 1.16 200 L4610 254 < 0.0
5,0: (%) 975152 017 -1.210 0.87 ns.

ETCO: (mmHg) 3507+ 107 =517 =842 0 =21 =001

performed by paired t-est. Data are expressed as means and
955 C1 of the mean paired differences are repored. Probabil-
iy levels less than (0L0S were considered significant.

Results

No significant change in the investigated cardiopul-
monary parameters was observed after hobble restraint in
the upright position. Results after hobble restraint in the
prone position are shown in detail in Table 1. Mean FVC
decreased by 39.6%, mean FEV, by 41%. There was no
change in SpO;, but mean ETCO; increased by 14.7%.
Mean heart rate decreased by 21.3%, mean systolic blood
pressure decreased by 32.3%, and mean diastolic blood
pressure decreased by 26.1%. Mean cardiac output
decreased by 37.4% (P for all reported changes < 0.01).
The possibility of any effect of test order or treatment car-
ry over was tested using the baseline readings before both

when the body position causes inability o breathe or air-
way obstruction. Our respiratory data, i.e.. the increase in
ETCO:, and the decrease in FVC and FEV, after three
minutes of hobble resiraint in the prone position suppon
this hypothesis, No change occurred in SpOy; we suppose
that this is due to the very shor time of mechanical
restraint in this study as compared to the sitluation in prac-
tice, The changes in respiratory parameters are induced by
the restriction of mevement of the chest and possibly the
diaphragm [11]. In contrast to previous reports, the
changes in the hemodynamic parameters are equally dra-
matic. The decrease of blood pressure and cardiac output
can be explained by the elevation of intrathoracic pres-
sure, leading to an impairment of systemic venous retum
and resulting in a right and left ventricular preload reduc-
tion [5]. The decrease of heart rate can be explained by an
activation of the Bezold Jarisch reflex [8].

For the safety of patients, agitated and violent indi-
i i in hospital

conditions of mechanical resiraint [6]. No viduals are physically
effects were found with regard 1o all iop Y and during transport to hospital. Our data
parameters, clearly indicate, lha.l hubblc restraint in the prone position
leads to a d L of ics and res-
Discussion piration. The clinical relevance of our data can be sum-

Mechanical restrai not purely of historical inter-
est in psychiatry. Even in the times before modern anti-
psytlwtu: and sedative drug therapy were available, psy-
chiatrists considered mechanical restraint to be, at best, a
necessary evil and not part of a therapeutic regimen [2]. In
a recent Danish study mechanical restraint constituted
0.3% of the & duration of psychiatric hospitalisation
in acute admission wards, 43% of these patients were not
restrained by a waist belt alone, but with the use of wrist
and ankle culfs, the number of patients in hobble restraint
is not reponted. Mean length of mechanical restraint was
4.3 hours [3]. A doctor was not present in 49% of the cas-
es when mechanical restraint was applied. No data have
been reported so far on the incidence of mechanical
restraint in preclinical transponi. Case reports give evi-
dence of hobble restraint in patients with acute intoxica-
tion due to alcohol, amphetamines and cocaine, whereby
only p ics and law were
present at the time of restraint [11].

Three minutes of hobble restraint in the prone po:
tion were followed by a dramatic decrease in cardiopul-
monary parameters in our study. Although there have
been reports of sudden, unexpected deaths in persons in
hobble restraint during law enforcement transport. ne
clinical data on cardiorespiratory changes during hobble
restraint have been reported so far. Forensic literature
explains these deaths by position asphyxia, which occurs

marized as follows: if mechanical restraint can not be
avoided, the vital parameter must be controlled frequent-
ly. In the case of hobble restraint, the upright position is
mandatory to prevent a possibly fatal outcome. Adequate
training of medical and law enforcement personnel is nec-
essary.
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