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Summary. Experiments were carried out on 15 dogs to 
investigate the course of respiration and circulation dur- 
ing the agonal period of death due to typical hanging. 
Animals were asphyxiated by a method simulating typi- 
cal hanging. Electrocardiogram (ECG), electroencepha- 
logram (EEG), blood pressure (BP) in the femoral ar- 
tery and intrathoracic pressure (ITP) were registered. 

In typical hanging, the course of respiration was char- 
acterized by shorter stages of dyspnoea and initial apnoea 
and a longer stage of the terminal respiration when com- 
pared with obstructive asphyxia. However, the whole 
time of the course of respiration and circulation in typi- 
cal hanging was almost the same as that in obstructive as- 
phyxia. The BP increased rapidly, was maintained dur- 
ing the dyspnoea stage, and then decreased gradually. 
EEG disappeared with, or a short time after, the end of 
the dyspnoea stage. The increased heart rate in the dys- 
pnoea stage ramained until circulatory collapse. The anal- 
ysis of the ECG complexes revealed that the heart mus- 
cle adapted to oxygen deficiency during typical hanging. 
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Zusammenfassung. An 15 Hunden wurden Experimente 
durchgefiihrt, um den Verlauf der Atmung und des Kreis- 
laufs w~ihrend der Agonie-Phase bei typischem Erh~in- 
gen zu untersuchen. Die Tiere wurden erstickt mit Hilfe 
einer Methode, welche das typische Erhfingen simulierte. 
Elektrokardiogramm (EKG), Elektroencephalogramm 
(EEG), Blutdruck in der Femoralarterie und intrathora- 
kaler Druck wurden registriert. 

Bei typischem Erh~ingen war der Verlauf der Atmung 
charakterisiert durch kiirzere Phasen der Dyspnoe und 
der initialen Apnoe und eine lfingere Phase der termina- 
len Atmung, wenn man diese Parameter mit der obstruk- 
tiven Asphyxie vergleicht. Jedoch war der gesamte Zeit- 
verlauf for die Atmung und den Kreislauf bei typischem 
Erh~ingen nahezu dieselbe, wie bei obstruktiver Asphy- 
xie. Der Blutdruck stieg rasch an, wurde wfihrend der 
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Dyspnoe-Phase aufrecht erhalten und sank dann gradu- 
ell ab. Das EEG war entweder am Ende der Dyspnoe- 
Phase oder kurze Zeit hiernach nicht mehr nachweisbar. 
Die in der Dyspnoe-Phase angestiegene Herzfrequenz 
blieb hoch bis zum Kreislaufkollaps. Die Analyse der 
EKG-Komplexe zeigte, dab der Herzmuskel sich wfih- 
rend des typischen Erh~ingens an den Sauerstoffmangel 
adaptiert. 

Schliisselw6rter: Typisches Erh~ingen - Obstruktive As- 
phyxie - Verschlug der Hals-Arterien - Atmung und 
Kreislauf 

Introduction 

Hanging is due to constriction of the neck as a result of 
suspension in such a manner that the weight of the body, 
or a part of the body of the victim pulls upon the liga- 
ture. The neck veins, arteries and the air way may all be 
obstructed in typical hanging [1, 2]. 

The course of respiration and circulation during ob- 
structive asphyxia has been described by Brinkmann et al. 
[3] and Suzuki et al. [4]. However, the pathophysiology 
of respiration and hemodynamics during the agonal pe- 
riod of death due to typical hanging has not been investi- 
gated. 

In the present work, experimental animals were as- 
phyxiated by a method simulating typical hanging, and 
the course of respiration and circulation in death due to 
typical hanging was investigated and compared to those 
due to obstructive asphyxia. 

Materials and methods 

Experiments were carried out on 15 healthy mongrel dogs weigh- 
ing 8-10 kg. The dogs were anaesthetized with an intravenous ad- 
ministration of sodium pentobarbital 25.0 mg/kg body wt and were 
placed in a supine position with the legs fastened to a table. The 
trachea, bilateral common carotid arteries, vagus nerves, internal 
jugular veins, and cervical vertebral column were exposed. The 
dogs were asphyxiated by occlusion of the trachea with a ligature 
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of the bilateral common carotid arteries, vagus nerves and internal 
jugular veins. Bilateral vertebral arteries were ligated at the same 
time with the rope running horizontally round the exposed cervical 
spine at the level between the fourth and the fifth transverse pro- 
cess of the cervical vertebrae, by applying tractive forces in the 
range between 50-60 kg. To avoid variable results from general 
anaesthesia, the experiment was begun when the blood pressure 
(BP), intrathoracic pressure (ITP), electrocardiogram (ECG) and 
electroencephalogram (EEG) became stable. At that stage, the 
animals were still unconscious and they did not react to the pain 
stimulation. 

The BP, ITP, ECG and EEG were recorded by the same meth- 
ods as those described in our previous papers [5, 6]. These record- 
ings were preserved in a data recorder, and the ECG complexes 
were later analyzed in detail. 

Results 

The respiration and circulation of the experimental ani- 
mals during the agonal period of death due to typical 
hanging were as follows. Just after the ligature of the 
trachea, arteries, veins and nerves, the dyspnoea stage 
consisted of large inspiratory movements with a slight 
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Fig. 1. A record obtained from the dog asphyxiated by a method 
simulating typical hanging. ECG, electrocardiogram; EEG, elec- 
troencephalogram; BP, blood pressure; ITP, intrathoracic pres- 
sure; arrow (T); the starting point of the experiment 
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expiratory component.  The respiratory movements in- 
creased rapidly to the maximum after 1 or 2 respiratory 
movements were maintained for 1-1.5min and ceased 
after a respiratory movement  with prolonged inspiratory 
phase. The cessation of the respiratory movement (the 
initial apnoea) lasted for 0 .5-1min before the terminal 
respirations occurred. These consisted of a number of 
respiratory movements with sharp inspiratory character, 
which occurred sporadically lasted for about 2 -3min ,  
and disappeared just before the circulatory breakdown 
(Fig. 1). In a few animals, the dyspnoea stage consisted 
of only 2 or 3 large respiratory movements with the pro- 
longed inspiratory character (Fig. 2). The whole time of 
the course of respiration and circulation in typical hang- 
ing was 4-6  min. 

The BP increased precipitously after ligature to the 
maximum of one and a half times the original level which 
was maintained for about 1-1.5 min till the end of the 
dyspnoea stage and then decreased gradually. The cir- 
culatory breakdown occurred with the end of the termi- 
nal respirations. The heart  rate increased after 2 or 3 
respiratory movements and remained regular until cir- 
culatory breakdown (Figs. 1, 2). 

The E E G  disappeared approximately 1.5-2 rain after 
ligature or a short time after the end of the dyspnoea 
stage. Convulsive waves appeared during the terminal 
respiration (Figs. 1, 2). 

The analysis o f  the ECG complexes showed as fol- 
lows. No distinguishable changes occurred during the 
dyspnoea stage. During the period of initial apnoea, ST 
segment elevation and tall upright T waves were seen. 
The voltage of T waves increased and reached approxi- 
mately the same level as the R waves at the beginning of 
the stage of terminal respirations and then decreased 
gradually. However,  the voltage of R waves did not de- 
crease. The P waves did not disappear until the circula- 
tory breakdown (Fig. 3). 

Discussion 

In the course of respiration during obstructive asphyxia 
in dogs, the dyspnoea stage immediately followed the 
occlusion of the trachea, and lasted for 2-3  min. Then 

Fig. 2. The dyspnoea stage shows only 3 large 
respiratory movements with prolonged inspiratory 
character 
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Fig. 3. Typical changes of ECG complexes obtained from the dog 
asphyxiated by a method simulating typical hanging 

the initial apnoea of 1-2 min duration followed. The ter- 
minal respirations occurred after the initial apnoea and 
lasted for 1-2 rain [4]. The course of obstructive asphyxia 
with ligature of the bilateral common carotid arteries, 
veins and nerves were almost identical to the course of 
simple obstruction [7]. However ,  the pathophysiology of 
respiration and hemodynamics during the agonal period 
of death due to typical hanging has not been investi- 
gated. This was due to difficulties in simulating the typ- 
ical hanging while monitoring pathophysiological data in 
the experimental animal. 

The vertebral arteries are not obstructed by compres- 
sion of the horizontal part of the neck because they as- 
cend through the foraminae in the transverse processes 
of the cervical vertebrae [2]. We could obstruct both ver- 
tebral arteries by exposing the vertebral column and li- 
gating it with the rope running horizontally just below 
the bilateral transverse processes. Using this method,  
the respiratory movement ,  ECG,  BP and E E G  in a con- 
dition simulating typical hanging were registered, and 
thus the pathophysiology during the agonal period of 
death due to typical hanging was first investigated. 

The course of respiration and circulation of typical 
hanging was different from that of obstructive asphyxia 
in several respects. The dyspnoea stage and the initial 
apnoea stage lasted for only 1-1.5 rain and 0.5-1min,  re- 
spectively, and the stage of terminal respirations was 
maintained for 2-3  min. In typical hanging, the course of 
respiration was characterized by shorter stages of dys- 
pnoea and initial apnoea, and a longer stage of terminal 
respiration when compared to that of obstructive as- 
phyxia. However ,  the fatal time of the course of respira- 
tion and circulation in typical hanging was not different 
from that of obstructive asphyxia. The respiratory rate 
during the dyspnoea stage was much lower than that in 
obstructive asphyxia. The BP increased rapidly with the 
increase of heart  rate by one and a half times the original 
level and was maintained for l - l . 5 m i n ,  while in the 
obstructive asphyxia, it increased gradually without an 
increase in heart  rate and was maintained for 3 -4  rain. 
The E E G  rasted only 1 .5-2min,  and the time was one 
half of that in obstructive asphyxia. This suggested that 
in typical hanging, brain damage occurs more rapidly 
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than in obstructive asphyxia. These characteristics in the 
course of respiration and circulation in typical hanging 
seem to be due to complete and rapid blocking of arte- 
rial blood supply to the respiratory and circulatory cen- 
ter of the brain by ligature of the bilateral common ca- 
rotid and vertebral arteries. 

The analysis of E C G  complexes showed ST segment 
elevation and tall upright T waves at the period of dys- 
pnoea. These changes have been reported to occur in the 
course of different forms of asphyxia [8, 9], and they 
might be due to the direct effect of oxygen deficiency on 
the heart  muscle. But the sequence of P-QRS-T waves 
were maintained until circulatory breakdown. This sug- 
gests that the heart muscle adapted to oxygen deficiency. 
In typical hanging, the oxygen level in blood might be 
somewhat higher than in obstructive asphyxia, because 
in typical hanging, the blood oxygen cannot be consumed 
by the brain after ligature of trachea. However ,  the cir- 
culatory breakdown in the present experiment occurred 
in almost the same time as that in the obstructive as- 
phyxia. 

From the findings of the present experiments, it is 
suggested that in typical hanging, the dyspnoea stage 
lasts for,only half as long as in obstructive asphyxia, and 
the E E G  disappears more rapidly than in obstructive as- 
phyxia, although the total time of the course of respira- 
tion and circulation is not different. Therefore,  it is con- 
sidered that brain damage in typical hanging occurs more 
rapidly and easily than in obstructive asphyxia. 
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