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Summary. The autopsies of 12 victims from two 
snow avalanches in North-Norway are reported. 
Supportive evidence from non-autopsied and sur- 
viving victims is included. Consistent autopsy find- 
ings were prominent lung oedema, moderate cere- 
bral oedema, extreme contraction of the left ventri- 
cle, petechiae in the superior vena cava drainage 
area, and acute congestion in lungs and kidneys. 
In four cases in whom no resuscitation was at- 
tempted, aortic oxygen pressure was in the range 
expected in pure asphyxial-type deaths in one and 
in pure cardiac-type deaths in three. No air pocket 
was seen in front of the mouth and nose in any 
of the fatal cases. Three fatal cases had fractures. 
It is concluded that the immediate cause of death 
in most cases was general body compression with 
acute respiratory and circulatory failure. 
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Introduction 

When a snow avalanche stops, a completely buried 
victim is assumed to have an 80% average chance 
of survival if uncovered immediately. For each suc- 
ceeding hour of burial, the chance of survival is 
reduced by one half, to 40% after one hour, 20% 
after two hours and so on (Schild 1976). 

Although several different mechanisms of 
death may be considered, including mechanical 
trauma, hypothermia, and suffocation, and al- 
though these are of  importance both to the surviv- 
ing relatives and for the consideration of rescue 
and resuscitation procedures, little has been pub- 
lished on autopsy findings in avalanche victims, 
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particularly in the English literature. We report 
here our experience from the autopsy of  12 victims 
from two avalanches in Vassdalen and Nord-Len- 
angen in Troms county in North-Norway. Exami- 
nation included aortic oxygen tension, which has 
not been reported previously in avalanche victims. 

Observations on the survivors, rescue opera- 
tions and resuscitation procedures in the Vassdalen 
accident will be reported separately and are in- 
cluded here only to the extent that they are relevant 
to the consideration of what happened to those 
who died. 

In Vassdalen on March 5, 1986, a troop of  31 
soldiers were preparing a track for belt wagons 
up the bottom of a small valley at the foot of  
a 600 m mountain when they were hit by an ava- 
lanche. The whole troop and their two belt wagons 
were carried up to 100-150 m down the valley with 
the snow masses. The weather was bad with strong 
winds, falling snow and air temperatures around 
- 1 0  ° C. The soldiers noticed no warning signs be- 
fore they were hit. One soldier was not buried by 
the avalanche, 13 were partially buried, and 17 
were completely buried in the snow. Six of those 
partially buried were able to free themselves from 
the snow rapidly. While two ran for assistance, 
the rest managed to bring out the other seven who 
were only partially buried, all of whom survived. 

When the first rescue team arrived about one 
hour after the accident, 17 soldiers were still miss- 
ing. The last survivor was brought out three hours 
after the avalanche impact. The remaining 16 were 
found without evidence of life after 80 min to 74 h 
under the snow. 

Investigations showed that the avalanche had 
started as a dry-snow slab avalanche at 470 m 
above sea level where the snow density was about 
400 kg/m 3. The avalanche hit the first victims at 
270 m elevation with a speed of about 110 km/h 
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and  s topped  at 215 m elevat ion ( H a u g  et al. 1986). 
There  were no large trees in the area  where the 
vict ims were taken,  and  no ice or  stone blocks were 
no ted  in the ava lanche  masses.  W h e n  the rescue 
personnel  arr ived,  the snow was extremely ha rd  
packed  and  hardly  penet rable  by  m a n u a l  digging. 

In  N o r d - L e n a n g e n  on 29 M a r c h  1987, two 
boys  12 and  13 years  of  age were hit by  a 300 m 
wide slab ava lanche  while playing with their  
sledges on a w o o d e n  hillside. The  slab was 2 m 
high at  the mos t  where  it b roke  loose, p r o b a b l y  
less than  50 m above  the victims. The  ava lanche  
seemed to have  carr ied the victims a b o u t  100 m 
down  the hillside, where they were recovered  in 
a w o o d e d  area.  The  victims were repor ted  missing 
four  hours  af ter  the assumed t ime o f  impact ,  and  
their bodies  were recovered  with no signs o f  life 
two and three hours  later. 

Methods 

In Vassdalen, two of the authors participated in the rescue 
operations on the spot as batallion medical officer (MR) and 
chief of medical operations (MG), respectively. Further infor- 
mation on rescue operations was obtained one month after 
the accident by a questionnaire mailed to and answered by 
all 12 physicians participating on the spot. The helicopter pilots 
who evacuated the victims from the avalanche area also ans- 
wered the questionnaire. Medical information was also ob- 
tained from the record of the military and general hospitals 
to which the victims were taken, and from the psychiatric team 
which treated the surviving victims. Further information was 
obtained from the local police report and from the report of 
a governmental commission of inquiry (Haug et al. 1986). In 
Nord-Lenangen, one of the authors (MG) participated in the 
rescue operation on the spot, and additional information was 
obtained from the local police. In six of the Vassdalen victims, 
the relatives objected to autopsy, and medical examination was 
restricted to external examination, performed by the city medi- 
cal officer of Narvik, Dr. Harald Andreassen. Eight of the 
Vassdalen victims were autopsied 45-53 h after the accident, 
and the last two after 92 h. The Nord-Lenangen victims were 
autopsied 41 h after the accident. A standard protocol was fol- 
lowed in all cases, including the withdrawal of blood for gas 
analysis from the aortic arch under standard anaerobic condi- 
tions, and opening of the thorax under water to test for the 
presence of pneumothorax. 

For the comparison of lung weight in fatal hypothermia, 
eight consecutive cases of death from general hypothermia (five 
men and three women, age 22-70, mean 48 years) were drawn 
from the autopsy files of 1977-1982. For the comparison of 
microscopic evidence of acute congestion in parenchymatous 
organs, 21 consecutive forensic cases were drawn from the au- 
topsy files of 1986, excluding deaths from heart disease and 
cases in which major external or internal haemorrhage had pre- 
ceded death (15men and six women, age 22-70, mean 
40.7 years). Histological slides from lungs, liver, kidney, and 
myocardium from avalanche victims and the consecutive for- 
ensic cases were studied after the slides had been randomly 
mixed and the identification labels covered. Evidence of conges- 
tion was recorded as absent, moderate, or marked. 

Mean weights were compared by two-tailed t-test and pre- 

sented as mean + standard deviation. P-values < 0.05 were con- 
sidered significant. 

Results and clinical findings 

A s u m m a r y  of  observa t ions  in the 12 au tops ied  
victims is given in Table  1. 

The  17 fully bur ied  vict ims in Vassdalen were 
found  at  depths  o f  1-3 m. M o s t  were in hor izonta l  
posi t ion,  face up  or face down.  F o u r  were in m o r e  
dis tor ted posi t ions,  and  two had  one a r m  extended 
into the snow. One o f  the non-au tops ied  vict ims 
was found  in a vertical posi t ion,  head  down  in 
a s t ream with only his feet above  water.  The  only 
one o f  the comple te ly  bur ied vict ims who  survived 
was found  after  three hours  at  a dep th  o f  1.5 m. 
He  had  his back  against  a belt  wagon  and his r ight  
a r m  in f ront  o f  his face, a round  which an  air 
pocke t  had  formed.  As far  as it could be observed 
under  the prevai l ing condi t ions  and  ascer ta ined by  
the me thods  used, no  air pocke t  was present  in 
any  o f  the others.  An  ice shield was no ted  over  
the nose and  m o u t h  of  m o s t  o f  the victims. All 
vict ims wore  w a r m  winter  clothing. F o o d  r emnan t s  
in the m o u t h  or signs of  asp i ra t ion  were no ted  
in eight. 

In  N o r d - L e n a n g e n ,  one vict im was par t ia l ly  
bur ied and  the other  was found  at a dep th  of  1 m. 
In  the former ,  gastr ic  contents  were present  in the 
mou th ,  p h a r y n x  and t rachea.  

In  Vassdalen,  c a r d i o p u l m o n a r y  resusci ta t ion 
(CPR)  was s tar ted in the first nine vict ims recov-  
ered wi thou t  vi tal  signs. Resusci ta t ion  in the field 
and  dur ing t r anspor t a t ion  was p e r f o r m e d  or su- 
pervised by  experienced physicians and  included 
external  chest  compress ion  and  m o u t h - t o - m o u t h  
or b a g - t o - m o u t h  venti lat ion.  Fol lowing  hospi ta l  
admiss ion,  r ewarming  was p e r f o r m e d  by  per i tone-  
al lavage in case 7 and  ex t racorporea l  c irculat ion 
in case 1. In  case 7, large a m o u n t s  o f  fluid were 
dra ined  f r o m  the endot rachea l  tube.  C P R  was un-  
necessary in the survivors.  Due  to extreme,  deter-  
iora t ing weather  condit ions,  the vict ims recovered  
dur ing the evening and  night  fol lowing the ava-  
lanche could not  be evacuated,  and  C P R  was not  
initiated. In  N o r d - L e n a n g e n ,  C P R  with endot ra -  
cheal in tuba t ion  and  sporadic  chest  compress ions  
was s tar ted on site by experienced medical  person-  
nel. C P R  was cont inued  dur ing t r anspo r t  to the 
Univers i ty  Hosp i t a l  and  was then s topped  af ter  
clinical assessment.  In  no case did the resusci ta t ion 
efforts lead to any  spon taneous  hear t  or  respi ra to-  
ry activity. 

The  survivor  who  was b rough t  out  af ter  having  
been comple te ly  bur ied  for  three hours  was con-  
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Table 1. Autopsied avalanche victims 

417 

Case Age Time from Burial Burial Resus- Mechanical Lung Brain Aortic pO~ 
years accident to time depth citation injury weight weight kPa 

autopsy (h) (h) (m) attempted (g) (g) (ram Hg) 

1 29 45 5 NR + - 1700 1770 1.0 (8) * 
2 19 48 4.5 2-3 + Parietal 1430 1530 3.8 (29) 

skin laceration 
3 19 48 18 NR - - 1700 1775 8.1 (61) 
4 20 49 2.3 2 + Rib fracture 1050"* 1500 NR 

Haemothorax 
5 24 50 21 2 - - 1200 1420 4.7 (35) 
6 20 51 2.3 1.5 + - 1205 1620 1.1 (8) 
7 20 53 2.5 2 + - 940 1450 6.4 (48) 
8 19 53 3.5 1.5 + - 1800 1560 1.7 (13) 
9 21 92 74 1 - 1580 1490 5.2 (39) 

10 20 92 73 3 - 1980 1530 0.4 (3) 
11 12 4 l 6 0.5 + Skull fracture 630 1220 3.7 (28) 
12 13 41 7 1 + Leg fracture 1200 1500 1.6 (12) 

* Measured before treatment on heart-lung machine. At autopsy, pO2 was 7.6 kPa (57 mm Hg); ** Right lung 800 g, left lung 
250 g; NR, not recorded 

scious, but confused and agitated. On admission 
to hospital 15 min later, rectal temperature was 
32°C, arterial pO2 6.7kPa (50ram Hg) and 
pH 7.09. Chest X-ray showed a fight lung infiltrate 
considered to represent lung contusion. One other 
survivor had haemoptysis, radiographic evidence 
of lung contusion and arterial pO2 7.4 kPa (56 mm 
Hg) on admission. Other mechanical trauma was 
pneumothorax in one, knee ligament injury in one, 
fracture of the humerus in one, and fracture of 
the leg in two, one of which also had a facial frac- 
ture. There was no record of  tympanic membrane 
rupture or other lesions to the ears. Most of the 
survivors felt snow enter their mouth, nose and 
ears. Ten had difficulty in breathing because of 
snow in the nose and pharynx. Compression of 
the thorax was felt by six, and possibly by a further 
three. One compared his feelings to lying under 
40 mattresses. Most reported a loss of  sense of time 
and space. Four lost consciousness, and six more 
may have lost consciousness, but the information 
is less certain in these cases. The survivor who was 
buried for three hours had total amnesia from the 
moment when the avalanche hit until he woke up 
in the hospital. 

Two of the six dead on whom external exami- 
nation only was performed, had superficial skin 
abrasions in the face. No fractures or other signifi- 
cant mechanical trauma were identified in any of 
these. 

In general, the findings at autopsy in the 10 
Vassdalen cases were strikingly similar. The main 
exception was case 4, who had fractures of left ribs 

8-10 with a tear of the lung and 1500 ml of blood 
in the left pleural cavity. Case 2 had a stellate skin 
laceration in the parietal region of the head, but 
no fracture. In the remaining eight, no fracture 
or other mechanical trauma except superficial skin 
abrasions were identified. 

Both Nord-Lenangen cases had fractures. 
Case 11 had a linear fracture through the left ante- 
rior cranial fossa without dislocation or significant 
haemorrhage, and case 12 a fracture of the right 
leg. 

Postmortem lividity was pronounced in the 
head and chest region in 10 cases, frequently with 
petechial haemorrhages. In one, facial congestion 
was so marked that a basal skull fracture was at 
first suspected. On the trunk, areas of hypostasis 
were in most cases distinctly patterned after the 
fabric of the underwear. 

A moderate number of petechial haemorrhages 
in mucous and serous membranes were seen in all 
cases, distributed to the conjunctiva in 6, pleura 
in 11, pericardium in 10, and tracheal mucosa in 
3. The brain was moderately oedematous in all 
cases. A froth was present in the trachea and bron- 
chi in cases 1, 2, 3, 8, 10 and 12. Aspiration of 
food to peripheral bronchi was seen in case 7. The 
lungs were dark and heavy with oedema fluid ooz- 
ing from the cut surface in all cases. In case 4, 
in whom a left-sided haemothorax was present, this 
picture was seen in the right lung, whereas the left 
lung was collapsed. There was no pneumothorax 
in the autopsy cases. The left ventricle was very 
hard and maximally contracted in all cases. In con- 
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Table 2. Histologic evidence of acute congestion in avalanche 
victims compared to consecutive forensic autopsies excluding 
deaths from cardiac disease and cases with major haemorrhage 

Organ Microscopic Avalanche Consecutive P* 
congestion victims forensic 

autopsies 

Lung None 0 3 
Moderate 1 12 < 0.002 
Marked 11 6 

Liver None 4 15 
Moderate 6 4 0.051 
Marked 2 1 

Kidney None 0 9 
Moderate 5 8 0.055 
Marked 7 4 

Heart  None 5 11 
Moderate  4 7 0.82 
Marked 3 3 

* zZ-test for 2 x 2 tables with Yates' correction. Because of small 
numbers, the 'modera te '  group was combined with the smallest 
other group for each organ for statistical analysis 

trast, the right ventricle was more relaxed and di- 
lated. Other organs were normal on gross inspec- 
tion. 

Microscopic examination of the lungs showed 
acute congestion, alveolar oedema and focal alveo- 
lar haemorrhage in all cases. Microscopic evidence 
of aspiration was present in case 7. Acute conges- 
tion was also seen in the kidneys in all cases. In 
slides from the myocardium stained with Luxol 
Fast Blue, contraction band necrosis was demon- 
strated in six (cases 1, 4, 6, 7, 9 and 10), including 
two in whom no resuscitation had been attempted. 

Uncoagulated aortic blood could be withdrawn 
from all except case 4. The pO 2 varied from 1.1 
to 7.6 kPa (8 to 57 mm Hg) in the cases in whom 
resuscitation had been attempted, and from 0.4 to 
8.1 kPa (3 to 61 mm Hg) in the non-resuscitated 
cases. 

Mean lung weight was significantly higher in 
the adult avalanche victims (1459 _+ 348 g) than in 
the cases of  death from general hypothermia 
(940-t-251 g) drawn from the autopsy files (p= 
0.003). 

Microscopic evidence of  acute congestion is 
more prominent in the avalanche victims than 
among the consecutive forensic cases (Table 2). 
The difference is most marked and highly signifi- 
cant in the lung and of borderline significance in 
the liver and kidney. No significant difference is 
seen in the heart. Brain sections were only available 
in selected cases in the consecutive forensic series 

and therefore not suitable for statistical compari- 
son. 

Discussion 

Severe mechanical trauma other than that resulting 
from general compression of  the body was present 
in both of  the Nord-Lenangen victims but in only 
one of  the 16 who died in Vassdalen. The difference 
may be due to the presence of  more trees in the 
Nord-Lenangen avalanche area against which the 
victims were thrown. Severe pulmonary congestion 
with alveolar oedema and haemorrhage was pres- 
ent in all cases. The mechanical trauma may be 
considered as a contributory, but not necessarily 
main cause of  death in cases 4 and 11. The circula- 
tory disturbances discussed below may have aggra- 
vated the effect of  the trauma by causing more 
profuse bleeding than would have resulted from 
the injuries alone. In Vassdalen, mechanical injury 
was strikingly more common among the survivors 
than among the dead, probably because the survi- 
vors were more exposed to moving forces in the 
uppermost layers of  the avalanche. 

Hypothermia seems less likely to have played 
any role as a cause of  death in the present cases. 
All victims wore warm winter clothing, and snow 
also has considerable insulating properties. The 
victim who survived three hours of  snow burial 
had a rectal temperature of  32 ° C on hospital ad- 
mission. Presumably, it would not take many min- 
utes of adequate breathing to melt enough snow 
to create an air pocket in front of the mouth and 
nose. Since no air pocket was seen in any of the 
dead victims, they cannot have breathed for long 
enough to have died from gradual general hypo- 
thermia. Heavy, oedematous lungs, which was a 
marked finding in all cases, was not typically found 
in the cases of  death from general hypothermia 
drawn from the autopsy files for comparison. 

Possible mechanisms of suffocation in ava- 
lanche victims are (Markwalder 1976) aspiration 
of  snow aerosol, resulting in either laryngeal spasm 
or drowning; aspiration of  vomited stomach con- 
tents; external compression of the thorax which 
makes inspiratory movements impossible; or lack 
of  oxygen in the inspired air. If  aspiration of  snow 
aerosol were an important factor, we would have 
expected this to have affected the partially buried 
victims. Many of these said that they had to spit 
out snow from the mouth, but we have no record 
of this causing laryngeal spasm or obstruction of  
the lower airways. Doubts  have been expressed 
about  the possible mechanism of drowning by in- 
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halation of  powder snow (Markwalder 1976). The 
density of  the aerosol is supposed to be between 
2 and 10 kg/m 3 (de Quervain 1976) which is prob- 
ably too scanty to bring enough water into the 
air passages and cause drowning. 

Food  remnants in the mouth and possible signs 
of  aspiration were recorded in nine victims during 
rescue operations. Seven of  these were autopsied, 
and only in one was aspiration to peripheral bron- 
chi demonstrated. The findings may be due to pas- 
sive postmortem regurgitation of  stomach con- 
tents, or more likely an effect of  external abdomi- 
nal compression as it was so commonly seen. Inhi- 
bition of  inspiratory movements by thoracic com- 
pression may have prevented the stomach contents 
from entering the lower air passages. 

We consider external compression of  the thorax 
to have been the most important cause of  suffoca- 
tion. The lack of  recognizable air pockets in all 
cases indicates that virtually no effective respira- 
tion was maintained following burial. The distinct 
patterning of  the postmortem hypostasis with im- 
prints of  the fabric of  the underwear indicates that 
the snow had exerted a firm generalized pressure 
against the body. The very firmly packed snow, 
likened to concrete by the rescue personnel, also 
fits with this concept. A documentation of  this 
mechanism of  suffocation was recently provided 
as a case report in which a 32 year old woman 
survived complete burial in a snow avalanche. 
When only the head was uncovered, mouth to 
mouth resuscitation was not possible owing to the 
snow surrounding her chest. However, when the 
chest was uncovered, ventilation was easy (Gray 
1987). It seems significant that the victim in our 
material who survived three hours of  complete bur- 
ial had his back against one of  the belt wagons. 
This apparently shielded him from having the den- 
sely packed snow completely surrounding his 
chest. Combined with the fact that he held one 
arm before his face, this allowed him to breathe 
and to develop a distinct air pocket. 

Avalanche snow consolidates during the first 
hour after impact (de Quervain 1976). Thus some 
of the victims were able to free themselves and 
their partially buried comrades immediately after 
impact, whereas the snow was hardly penetrable 
to manual digging when the rescue personnel ar- 
rived. 

Some gas exchange is possible even through 
densely packed snow, but is greatly dependent on 
the size of  the air pocket and is reduced by icing 
of  its walls. Holding hands or arms before the face 
substantially improves the situation by increasing 
the interface between the air pocket and the snow 

and by reducing icing (de Quervain 1976). In our 
three-hour survivor, possible air pockets in and 
around the belt wagon may also have helped. 

The ice-shield over the nose and mouth of  most 
of  the Vassdalen victims was probably due to ex- 
trusion of  lung oedema or stomach contents. 
Breathing would have been expected to produce 
an air pocket rather than an ice shield in front 
of  the mouth and nose. 

Postmortem blood gas analysis is seldom re- 
ported in autopsy material except for measurement 
of  carbon monoxide in cases of  suspected carbon 
monoxide poisoning. Whereas acidity and partial 
carbon dioxide pressure of  the blood always in- 
crease post mortem, irrespective of  the cause of  
death, oxygen tension in aortic blood may reflect 
the oxygenation of the blood when circulation 
ceased reasonably well. Coe (1977) reported a 
study in which arterial pO2 measurements were 
performed at autopsy in 11 respirator patients who 
died when the respirator was shut off, and in eight 
patients who died from irreversible circulatory ar- 
rest while ventilation was artificially maintained. 
The interval between death and autopsy was 1.5 
to 22 h, and there was no systematic relationship 
between arterial pO2 and the time after death. The 
measurements showed pO2 of 0.4 to 1.6 kPa (3 
to 12 mm Hg) in the asphyxial-type deaths and 
4.7 to 10.9 kPa (35 to 82 mm Hg) in the cardiac- 
type deaths. The findings were consistent with pre- 
vious experimental data (Mithoefer et al. 1967). 

Although as much as 41-92 h elapsed from 
death to autopsy in our cases, the results of  the 
oxygen measurements in themselves lend some 
support to their validity. The finding of  pO2 
1.0 kPa (8 mm Hg) before treatment on heart-lung 
machine in case 1 confirms that pO2 values in this 
low range occurred during the early postmortem 
period, and the value of  7.6 kPa (57 mm Hg) at 
autopsy 40 h later indicates that the oxygenation 
produced by the treatment on the heart-lung ma- 
chine was preserved. The different findings of  pO2 
0.4 kPa and 5.2 kPa in the two last recovered Vass- 
dalen victims also indicate that little or no equili- 
bration of  the oxygen pressure had taken place 
before autopsy. Presumably, the rapid cooling of  
the bodies contributed significantly to prolonged 
preservation of blood oxygen tension. Compared 
to the findings of  Coe (1977), four of  our cases 
in whom resuscitation was attempted and one in 
whom resuscitation was not attempted had pO2 
values in the range of  the pure asphyxial-type 
deaths. One of  the resuscitated and three of  the 
non-resuscitated avalanche victims had pO2 values 
in the range of  the pure cardiac-type deaths. Two 
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cases had intermediate values. Resuscitation had 
no obvious and systematic effect on the oxygen 
values, except in case 1, who was rewarmed by car- 
diopulmonary by-pass on a heart-lung machine. 
On the basis of  these data, it seems that the five 
cases with the lowest oxygen pressures may have 
died from acute respiratory insufficiency with hyp- 
oxic hypoxaemia and hypercapnoea. In the re- 
maining six cases in which measurements were ob- 
tained, circulation seems to have stopped and 
death ensued before the oxygen pressure had be- 
come critically low, at least in the three of  these 
in whom no resuscitation had been attempted. The 
lack of  air pockets indicates that no effective respi- 
ration had taken place, suggesting that death oc- 
curred within the first few minutes after burial. 
A protective diving reflex, stimulated by cooling 
of the face and resulting in bradycardia and re- 
duced oxygen consumption, may have resulted in 
a more protracted course, but this is speculative 
(Harries 1986). 

All cases had prominent signs of  circulatory 
disturbances with pulmonary oedema, pulmonary 
haemorrhages, microscopic evidence of  acute con- 
gestion in lungs, liver and kidney, a moderate cere- 
bral oedema and firmly contracted left ventricle 
and dilated right ventricle. The petechial haemor- 
rhages in the superior vena cava drainage area may 
have been of  either hypoxic or circulatory origin. 
The mechanism of circulatory disturbances and 
failure is complex (Schmid 1981). Hypoxia results 
in contraction of  pulmonary arterioles and leads 
to pulmonary hypertension and lung oedema. 
Cooling of  the body surface leads to peripheral 
vascular contraction and increased arterial resis- 
tance. According to Starlings law, the general com- 
pression of the body by the pressure of  the snow 

f r o m  all sides leads to increased tissue pressure, 
resulting in a net transfer of fluid to the blood. 
Sympathetic stimulation may give splanchnic ves- 
sel contraction. Arrest of  respiratory movements 
abolishes the haemodynamic pump effect of the 
lungs. The only possible place in the body where 
the pressure is not increased due to the general 
external pressure, is within the lung alveoli and 
the air passages, where atmospheric pressure will 
prevail. Presumably, all of  these effects lead to a 
centralization of  the blood volume and a high pres- 
sure gradient over the pulmonary capillary-alveo- 
lar membrane with resulting acute alveolar oedema 
and haemorrhage. The finding of as much as 
1500 ml of  blood in the pleural cavity seems to 
us to be a somewhat unusual result of  a costal 
fracture and superficial tear of the lung and may 

be another expression of  centralization of blood 
volume and increased intravascular pressure. 

The cranial contents are also protected from 
direct pressure from the surrounding snow, and 
as the general increase in pressure of  body fluids 
is transferred via the blood vessels, increased trans- 
capillary pressure gradient leads to cerebral oe- 
dema. 

The combination of  pulmonary arteriolar con- 
traction and the cessation of  respiratory move- 
ments may have reduced both arterial oxygen con- 
tent and return of  blood to the left heart with resul- 
tant ischaemic contracture of the left ventricle. The 
very hard left ventricle was a striking finding in 
all cases and is considered to represent a very pro- 
nounced cardiac rigor mortis. Althaus et al. (1982) 
were struck by a similar finding in two avalanche 
victims, both of  whom survived following open 
cardiac massage. This intensive myocardial con- 
traction may therefore be an early manifestation 
of  ischemia in these patients, present from the mo- 
ment of  cardiac arrest and identical to the stone 
heart syndrome well known from cardiac surgery 
(Cooley et al. 1972). Contraction band necrosis as 
demonstrated in six of  our cases is a typical but  
non-specific finding in the stone heart syndrome 
(Hutchins and Silverman 1979). We agree with A1- 
thaus et al. (1982) that this contraction of  the heart 
may severely have reduced or even totally nullified 
the effect of external chest compression in cardio- 
pulmonary resuscitation. This may explain why re- 
suscitation efforts seem to have had so little effect 
on aortic oxygen pressure. 

With the great similarity of  the findings in all 
autopsied cases, including pulmonary and cerebral 
oedema, central congestion, Tardieu spots, and in- 
tense left ventricular rigor, the pathophysiology 
leading to death was probably also similar. Con- 
sciousness was definitely lost in four of  the survi- 
vors including the one who was completely buried 
for three hours, and was possibly lost in six more. 
The loss of  sense of  time and space reported by 
most of  the survivors also indicates that conscious- 
ness was impaired. We conclude that the observa- 
tions are consistent with the following sequence 
of  events in the fatal cases. Thoracic and whole 
body compression with restriction of  respiratory 
movements and concomitant severe circulatory 
disturbances probably has lead to rapid loss of  
consciousness, followed by circulatory arrest with- 
in the first few minutes in some and after the blood 
oxygen had fallen to fatal levels in others. All prob- 
ably died within the first 20-30 min. One of  the 
six non-autopsied dead in Vassdalen is considered 
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to have died from drowning in a stream. In the 
remaining five, there was no external or circum- 
stantial evidence that the mechanism of death was 
different from that in the majority of  the autopsied 
cases. In summary, the mechanism of death is con- 
cluded to be general body compression with acute 
respiratory and circulatory failure in 15, combined 
general body compression and mechanical trauma 
in two, and drowning in water in one. 

In avalanches occurring under other condi- 
tions, the effects on the victims may be different. 
The presence of  trees and other objects towards 
which the victims may be thrown increases the risk 
of  mechanical injuries, as illustrated by the Nord- 
Lenangen cases. Rocks and ice blocks may detach 
from the mountainside, blocks of  dense snow may 
persist, and big rolling snowballs may be formed 
when the snow is wet, all of  which increase the 
risk of  mechanical injuries. Under  such conditions, 
or when the victims are in automobiles or houses 
hit by the avalanche, the snow masses may be more 
unevenly packed and give more breathing possibili- 
ties. The victim who survived three hours of  burial 
illustrates that under special circumstances which 
permit breathing, life can be sustained for much 
longer (Schild 1976; Markwalder 1969). 

Under  special circumstances, powder snow av- 
alanches may attain very high, even supersonic 
speeds (Eliakis 1974). In such cases, barotrauma 
may be caused by the wave of  positive pressure 
travelling in front of  the avalanche and the follow- 
ing wave of  negative pressure, causing tympanic 
membrane rupture and pneumothorax (Mark- 
walder 1969; Eliakis 1974). Except for pneumoth- 
orax in one of  the surviving victims, no such lesions 
were observed in our cases. The significance of  the 
pressure wave as a cause of  death seems doubtful, 
except when victims are hit by flying objects or 
thrown towards objects (Markwalder 1969, 1976). 

In 20 autopsied avalanche victims over a seven- 
year period in Innsbruck in Austria, the cause of  
death was concluded to be atlanto-occipital dislo- 
cation in one and a combination of  thoracic com- 
pression, lack of  oxygen, aspiration, hypothermia 
and circulatory disturbances in 19 (Lugger and 
Unterdorfer 1972). In 24 autopsied victims in Da- 
vos, Switzerland, the cause of  death was concluded 
to be mechanical trauma in one, hypothermia in 
two, snow inhalation in one, and suffocation under 
the weight of  snow in 20 (Eliakis 1974). Among 
43 cases in the Swiss Alps over a 10-year period, 
the cause of  death was concluded to be asphyxia 
in 21, mechanical injury in five, combined asphyxia 
and injury in two, hypothermia in 1, psychogenic 

shock in nine and unknown in five. The diagnosis 
of  psychogenic shock, supposed to result from see- 
ing the oncoming life-threatening avalanche, was 
doubtful, and there is little to support that this 
may cause death in otherwise healthy individuals 
(Markwalder 1969). Among 41 victims in the 
French Alps, the cause of  death was assumed to 
be fracture of  the cervical spine in four, multiple 
fractures in seven, suffocation in 16, hypothermia 
in two, drowning in one und unknown in one. No 
cause of  death was indicated in the remaining 10 
(Lapras 1980). With the addition of  the present 
report, this gives a total of  136 cases in which the 
immediate cause of  death was concluded to be 
some form of suffocation in 67.6%, a combination 
of suffocation and mechanical trauma in 2.9%, 
drowning in 1.5%, mechanical trauma in 13.2%, 
hypothermia in 3.7%, and unknown (including as- 
sumed psychogenic shock) in 11.0%. 
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