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Abstract 

Background  Suspension syndrome describes a multifactorial cardio-circulatory collapse during passive hang-
ing on a rope or in a harness system in a vertical or near-vertical position. The pathophysiology is still debated 
controversially.

Aims  The International Commission for Mountain Emergency Medicine (ICAR MedCom) performed a scoping review 
to identify all articles with original epidemiological and medical data to understand the pathophysiology of suspen-
sion syndrome and develop updated recommendations for the definition, prevention, and management of suspen-
sion syndrome.

Methods  A literature search was performed in PubMed, Embase, Web of Science and the Cochrane library. The bibli-
ographies of the eligible articles for this review were additionally screened.

Results  The online literature search yielded 210 articles, scanning of the references yielded another 30 articles. Finally, 
23 articles were included into this work.

Conclusions  Suspension Syndrome is a rare entity. A neurocardiogenic reflex may lead to bradycardia, arterial hypo-
tension, loss of consciousness and cardiac arrest. Concomitant causes, such as pain from being suspended, traumatic 
injuries and accidental hypothermia may contribute to the development of the Suspension Syndrome. Preventive 
factors include using a well-fitting sit harness, which does not cause discomfort while being suspended, and activat-
ing the muscle pump of the legs. Expediting help to extricate the suspended person is key. In a peri-arrest situation, 
the person should be positioned supine and standard advanced life support should be initiated immediately. Revers-
ible causes of cardiac arrest caused or aggravated by suspension syndrome, e.g., hyperkalaemia, pulmonary embo-
lism, hypoxia, and hypothermia, should be considered. In the hospital, blood and further exams should assess organ 
injuries caused by suspension syndrome.

Keywords  Circumrescue collapse, Neurocardiac syncope, Harness, Suspension syndrome, Resuscitation, Rescue 
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Background
Suspension syndrome describes a multifactorial cardio-
circulatory collapse during passive hanging on a rope or 
in a harness system in a vertical or near-vertical position 
[1–3]. Although numerous cases have been reported, the 
incidence of suspension syndrome is not known [1, 4–7]. 
Since the first presentation of a case series in 1972 [2], its 
pathophysiology has been debated controversially [3, 8]. 
A widespread hypothesis assumes that blood pooling in 
the lower limbs leads to a reduction in cardiac preload, 
a consecutive decrease in cardiac output, tissue hypop-
erfusion and lastly loss of consciousness and cardiac 
arrest [2, 8, 9]. However, no study has ever proven this 
hypothesis and recent studies suggest a neurocardiogenic 
mechanism [10, 11]. The best measures for immediate 
aid by first responders is still debated and some recom-
mendations advise against placing a casualty in a supine 
position after being rescued from suspension, hypoth-
esising an acute right ventricular volume overload due 
to blood returning from the legs [2, 4, 12–14]. However, 
this hypothesis has also never been proven and is based 
on ‘expert opinion’ only [15]. The aim of the International 
Commission for Mountain Emergency Medicine (ICAR 
MedCom) was to perform a scoping review to identify all 
articles with original epidemiological and medical data 
to understand the pathophysiology and develop updated 
recommendations for the definition, prevention, and 
management of the suspension syndrome.

Methods
This work comprises two distinct components. The first 
is a scoping review, and the second entails recommenda-
tions that were formulated through discussions within 
ICAR MedCom. We conducted a literature search in 
PubMed, Embase, Web of Science, and the Cochrane 
Library. We incorporated all articles available in the data-
bases up to September 17, 2023 found with the keywords 
"suspension syndrome", "suspension trauma", "harness 
hang syncope", "harness hang syndrome", "rescue death", 
"harness suspension" and "harness syndrome" using the 
conjunction OR (RL) in order to identify all articles with 
epidemiological or original pathophysiologic data (e.g. 
vital signs, laboratory parameters, objective signs and 
symptoms). We also searched the bibliographies of arti-
cles relevant to this review and articles from the authors’ 
personal databases (all). We excluded duplicates, articles 
on different scientific topics (= not eligible), articles that 
could not be retrieved in full text (= not available), trial 
registrations, conference abstracts, case reports without 
original data, reviews (no original data), articles in lan-
guages other than the authors’ own (i.e., English, Ger-
man, Italian), trial registrations, conference abstracts, 
letters, editorials, and short communications (SR, RL). 

Data were extracted independently by two authors (SR, 
RL); any disagreements were solved in discussion among 
the authors. Data was critically appraised using the 
National Heart, Lung and Blood Institute Study Quality 
Assessment Tools (SR, RL) [16]. The results pertinent to 
this work are synthesized in Table 1. The contents of the 
manuscript were developed by the author group and dis-
cussed within ICAR MedCom. Secondly, based on prior 
recommendations [17–22], the author group developed 
recommendations and presented them to all four com-
missions (i.e., air rescue, avalanche rescue, medical and 
terrestrial rescue) of the ICAR and discussed them at the 
2019 ICAR meeting. The revised form was circulated in 
the ICAR MedCom list server for final review. Finally, 
the manuscript was approved for submission to a peer 
reviewed journal.

Based on our findings we developed recommendations 
on prevention, diagnosis and treatment of the suspension 
syndrome, we graded them according to the Grading Sys-
tem of the American College of Chest Physicians [23].

Results
Literature search
Of the 121 studies returned from search, 70 met inclu-
sion criteria after screening the titles and abstracts. On 
full-text review, 47 studies were excluded (Fig.  1) and 
finally, 23 articles were included (Table 1).

Description of studies
The 23 studies included were divided into two themes 
based on their characteristics: Epidemiology and Patho-
physiology. Two studies reported epidemiological data 
from surveys while 21 studies were on pathophysiology. 
Studies on pathophysiology ranged from autopsy studies 
[1] to manikin [1] and small interventional/observational 
[14] human studies to case series or reports including 
pathophysiological data [5]. Some studies on pathophysi-
ology also assessed the effect of different harness types.

Epidemiology
Exact data on the epidemiology of suspension syndrome 
is lacking. Since the use of sit harnesses, the incidence 
of death from suspension syndrome is very rare. In an 
industrial setting, there have been no fatalities or syn-
copal events published; this was confirmed by a nega-
tive enquiry to a large trade body in the UK by Seddon 
in 2002, which found no suspension syndrome within 
5.8 million on-rope hours by rope access technicians 
qualified by IRATA (International Rope Access Trade 
Association) [4]. A small survey among height rescue 
organizations identified 3 cases of suspension syndrome, 
but without stating observational periods and describing 
symptoms or severity [32]. It is postulated that awareness, 



Page 3 of 13Rauch et al. Scand J Trauma Resusc Emerg Med           (2023) 31:95 	

Ta
bl

e 
1 

A
rt

ic
le

s 
in

cl
ud

ed
 fo

r a
na

ly
si

s

A
ut

ho
r

Ye
ar

St
ud

y 
de

si
gn

Sa
m

pl
e 

Si
ze

Ke
y 

fin
di

ng
s

Q
ua

lit
y 

as
se

ss
m

en
t

Pa
ts

ch
ei

de
r [

6]
19

72
O

bs
er

va
tio

na
l a

ut
op

sy
 s

tu
dy

5 
(c

lim
be

rs
 d

ie
d 

in
 th

e 
Ty

ro
le

an
 a

lp
s 

be
tw

ee
n 

19
57

 –
 1

96
8)

H
yp

ox
ic

 c
ha

ng
es

 o
f h

ea
rt

, l
iv

er
 a

nd
 in

 o
ne

 c
as

e 
ki

dn
ey

Pr
ot

ra
ct

ed
 o

rt
ho

st
at

ic
 s

ho
ck

 is
 th

e 
ca

us
e 

of
 o

rg
an

 in
ju

ry

Fa
ir

Fl
or

a 
et

 a
l. 

[1
5]

19
72

Su
m

m
ar

y 
of

 re
su

lts
 fr

om
 p

hy
si

ol
og

ic
al

 
ex

pe
rim

en
ta

l h
um

an
 s

tu
di

es
 w

ith
 c

he
st

 h
ar

ne
ss

 
su

sp
en

si
on

 p
re

se
nt

ed
 a

t t
he

 2
nd

 in
te

rn
at

io
na

l 
Co

nf
er

en
ce

 o
f M

ou
nt

ai
n 

Re
sc

ue
 p

hy
si

ci
an

s 
(o

rig
in

al
 a

rt
ic

le
s 

ar
e 

no
t a

va
ila

bl
e)

M
as

si
ve

 c
irc

ul
at

or
y 

ob
st

ru
ct

io
n

In
cr

ea
se

 o
f h

ea
rt

 ra
te

 a
nd

 re
du

ct
io

n 
of

 p
ul

se
 

pr
es

su
re

Re
du

ct
io

n 
of

 b
lo

od
 p

re
ss

ur
e

D
ro

p 
of

 c
en

tr
al

 v
en

ou
s 

pr
es

su
re

Re
du

ct
io

n 
of

 re
na

l f
un

ct
io

n
EC

G
 c

ha
ng

es
Pr

es
yn

co
pa

l s
yn

dr
om

s 
in

 s
ub

je
ct

s

Po
or

Fl
or

a 
et

 a
l. 

[2
]

19
72

Ca
se

 s
er

ie
s 

w
ith

 p
at

ho
ph

ys
io

lo
gi

c 
pa

ra
m

et
er

s
23

 (1
0 

di
ed

, 1
3 

su
rv

iv
ed

)
Re

po
rt

ed
 p

at
ho

ph
ys

io
lo

gi
ca

l c
on

di
tio

ns
: a

cu
te

 
ki

dn
ey

 in
ju

ry
, h

yp
ox

ic
 h

ea
rt

 m
us

cl
e 

da
m

ag
e,

 
m

us
cl

e 
ne

cr
os

is
 a

nd
 d

ys
pn

oe
a

A
rm

 p
le

xu
s 

da
m

ag
e 

in
 c

he
st

 h
ar

ne
ss

 a
ft

er
 1

0 
to

 2
0 

m
in

 o
f f

re
e 

su
sp

en
si

on
, i

f n
o 

fo
ot

 lo
op

s 
w

er
e 

us
ed

D
ea

th
 o

cc
ur

re
d 

re
gu

la
rly

 a
ft

er
 s

us
pe

ns
io

n 
lo

ng
er

 
th

an
 tw

o 
ho

ur
s

Fa
ir

St
ue

hl
in

ge
r e

t a
l. 

[2
4]

19
72

O
bs

er
va

tio
na

l p
hy

si
ol

og
ic

 h
um

an
 s

tu
dy

10
, t

w
o 

tr
ia

l r
un

s
H

an
gi

ng
 in

 a
 c

he
st

 h
ar

ne
ss

 w
as

 a
bo

rt
ed

 a
ft

er
 8

 
to

 2
2 

m
in

 d
ue

 to
 p

al
lo

r, 
co

ld
 s

w
ea

t, 
na

us
ea

 
an

d 
pa

ra
es

th
es

ia
 in

 th
e 

up
pe

r e
xt

re
m

iti
es

H
an

gi
ng

 in
 a

 s
it 

ha
rn

es
s 

w
as

 a
bo

rt
ed

 in
 3

 c
as

es
 

af
te

r 2
2 

to
 2

8 
m

in
 d

ue
 to

 c
lin

ic
al

 s
ym

pt
om

s
Ta

ch
yc

ar
di

a 
an

d 
hy

pe
rt

en
si

on
 d

ue
 to

 s
ym

pa
-

th
et

ic
 a

ct
iv

at
io

n
In

di
re

ct
 s

ig
ns

 o
f p

er
ip

he
ra

l b
lo

od
 p

oo
lin

g
Si

nu
s 

ar
ry

th
m

ia
 a

nd
 e

xt
ra

sy
st

ol
es

 a
ft

er
 p

la
ce

-
m

en
t i

n 
ho

riz
on

ta
l p

os
iti

on
 a

ft
er

 tr
ia

l, 
w

hi
ch

 le
d 

to
 th

e 
as

su
m

pt
io

n 
of

 s
ud

de
n 

ca
rd

ia
c 

ar
re

st
 d

ue
 

to
 h

or
iz

on
ta

l p
la

ce
m

en
t a

ft
er

 h
an

gi
ng

G
lo

m
er

ul
ar

 fi
ltr

at
io

n 
an

d 
re

na
l p

la
sm

a 
flo

w
 

dr
op

s 
al

re
ad

y 
af

te
r o

nl
y 

8 
m

in
, w

ith
 fu

rt
he

r d
ro

p 
w

hi
le

 h
an

gi
ng

Fa
ir

O
rz

ec
h 

et
 a

l. 
[2

5]
19

87
O

bs
er

va
tio

na
l p

hy
si

ol
og

ic
 h

um
an

 s
tu

dy
 

an
d 

re
vi

ew
13

 (e
ac

h 
w

ith
 b

od
y 

be
lt,

 c
he

st
 h

ar
ne

ss
, f

ul
l b

od
y 

ha
rn

es
s)

Su
sp

en
si

on
 to

le
ra

nc
e 

in
 a

 b
od

y 
be

lt 
or

 c
he

st
 

ha
rn

es
s 

al
on

e 
is

 s
ig

ni
fic

an
tly

 lo
w

er
 th

an
 in

 a
 

fu
ll 

bo
dy

 h
ar

ne
ss

, d
ue

 to
 p

ai
n 

an
d 

di
ffi

cu
lty

 
of

 b
re

at
hi

ng
 d

ur
in

g 
ha

ng
in

g

Fa
ir

Ro
eg

gl
a 

et
 a

l. 
[2

6]
19

96
O

bs
er

va
tio

na
l p

hy
si

ol
og

ic
 h

um
an

 s
tu

dy
6 

(e
ac

h 
w

ith
 c

he
st

 h
ar

ne
ss

 a
lo

ne
 o

r s
it 

ha
rn

es
s)

D
ec

re
as

e 
of

 v
ita

l c
ap

ac
ity

, f
or

ce
d 

ex
pi

ra
to

ry
 

vo
lu

m
e 

an
d 

ca
rd

ia
c 

ou
tp

ut
 in

 c
he

st
 h

ar
ne

ss
 

su
sp

en
si

on

G
oo

d



Page 4 of 13Rauch et al. Scand J Trauma Resusc Emerg Med           (2023) 31:95 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

Ye
ar

St
ud

y 
de

si
gn

Sa
m

pl
e 

Si
ze

Ke
y 

fin
di

ng
s

Q
ua

lit
y 

as
se

ss
m

en
t

M
ad

se
n 

et
 a

l. 
[2

7]
19

98
O

bs
er

va
tio

na
l p

hy
si

ol
og

ic
 h

um
an

 s
tu

dy
9 

kn
ee

 s
tr

ap
 s

us
pe

ns
io

n
79

 5
0°

 h
ea

d 
up

 ti
lt 

ta
bl

e
11

%
 d

ev
el

op
ed

 s
ym

pt
om

s 
w

ith
 k

ne
e 

st
ra

p,
 8

7%
 

de
ve

lo
pe

d 
sy

m
pt

om
s 

w
ith

 5
0°

 h
ea

d 
up

 ti
lt

Lo
ng

er
 to

le
ra

nc
e 

of
 s

us
pe

ns
io

n 
w

ith
 s

up
po

rt
 

st
ra

p 
un

de
r k

ne
es

 d
ue

 to
 p

re
se

rv
ed

 v
en

ou
s 

re
tu

rn
In

iti
al

 h
ea

rt
 ra

te
 a

nd
 b

lo
od

 p
re

ss
ur

e 
in

cr
ea

se
 

fo
llo

w
ed

 b
y 

a 
dr

op
 w

ith
 o

ns
et

 o
f p

re
sy

nc
op

al
 

sy
m

pt
om

s
Re

du
ct

io
n 

of
 c

en
tr

al
 b

lo
od

 v
ol

um
e 

du
rin

g 
he

ad
 

up
 ti

lt

Fa
ir

Sh
am

su
zz

am
an

 e
t a

l. 
[2

8]
19

98
O

bs
er

va
tio

na
l p

hy
si

ol
og

ic
 h

um
an

 s
tu

dy
13

 (e
ac

h 
on

 ti
lt 

ta
bl

e 
an

d 
til

te
d 

su
sp

en
si

on
)

O
ne

 v
as

ov
ag

al
 re

ac
tio

n 
du

rin
g 

“s
us

pe
ns

io
n”

En
ga

ge
m

en
t o

f a
nt

ig
ra

vi
ty

 m
us

cl
es

 h
av

e 
eff

ec
ts

 
on

 s
ym

pa
th

et
ic

 v
as

oc
on

st
ric

tio
n 

an
d 

ca
rd

io
va

s-
cu

la
r r

es
po

ns
es

D
ur

in
g 

su
sp

en
si

on
 re

du
ct

io
n 

of
 c

ar
di

ac
 o

ut
pu

t 
an

d 
st

ro
ke

 v
ol

um
e,

 ta
ch

yc
ar

di
a 

an
d 

hy
pe

rt
en

-
si

on

G
oo

d

Ro
lln

ik
 e

t a
l. 

[2
9]

20
01

O
bs

er
va

tio
na

l p
hy

si
ol

og
ic

 h
um

an
 s

tu
dy

14
Su

sp
en

si
on

 in
 s

up
in

e 
po

si
tio

n 
(o

ne
 

sl
in

g 
ar

ou
nd

 th
e 

th
or

ax
 a

nd
 o

ne
 s

lin
g 

ar
ou

nd
 th

e 
th

ig
hs

) c
au

se
d 

on
ly

 m
od

er
at

e 
he

ar
t 

ra
te

 c
ha

ng
es

, w
hi

ch
 w

er
e 

si
gn

ifi
ca

nt
ly

 lo
w

er
 

co
m

pa
re

d 
to

 v
er

tic
al

 s
us

pe
ns

io
n

Ve
rt

ic
al

 s
us

pe
ns

io
n 

w
ith

 a
 s

lin
g 

pl
ac

ed
 

un
de

r t
he

 a
rm

pi
ts

 w
as

 to
le

ra
te

d 
on

ly
 2

—
4 

m
in

Fa
ir

Se
dd

on
 e

t a
l. 

[4
]

20
02

N
at

io
na

l s
ur

ve
y

N
ot

 a
pp

lic
ab

le
N

o 
su

sp
en

si
on

 s
yn

dr
om

e 
w

ith
in

 5
.8

 m
ill

io
n 

on
-r

op
e 

ho
ur

s 
by

 ro
pe

 a
cc

es
s 

te
ch

ni
ci

an
s 

qu
al

i-
fie

d 
by

 IR
AT

A
 (I

nt
er

na
tio

na
l R

op
e 

A
cc

es
s T

ra
de

 
A

ss
oc

ia
tio

n)

Fa
ir

Pi
sa

ti 
et

 a
l. 

[3
0]

20
07

Ca
se

 re
po

rt
 w

ith
 d

is
cu

ss
io

n 
of

 p
at

ho
ph

ys
io

lo
gi

c 
pa

ra
m

et
er

s
2

Pr
ol

on
ge

d 
ha

ng
in

g 
in

 a
 s

it 
ha

rn
es

s 
ca

us
ed

 
pu

lm
on

ar
y 

th
ro

m
bo

-e
m

bo
lis

m
 a

nd
 th

ro
m

bo
si

s 
of

 fe
m

or
al

 a
rt

er
y,

 m
os

t l
ik

el
y 

du
e 

to
 c

om
pr

es
si

on
 

by
 h

ar
ne

ss
 g

ro
in

 s
tr

ap
s

Po
or

Tu
rn

er
 e

t a
l. 

[3
1]

20
08

O
bs

er
va

tio
na

l p
hy

si
ol

og
ic

 h
um

an
 s

tu
dy

40
 (e

ac
h 

on
 fr

on
t a

nd
 b

ac
k 

at
ta

ch
m

en
t)

28
 (h

ar
ne

ss
 w

ith
 le

g 
su

pp
or

t f
or

 a
 m

or
e 

ho
riz

on
-

ta
l s

us
pe

ns
io

n 
po

si
tio

n)

H
ar

ne
ss

 w
ith

 le
g 

su
pp

or
t d

ou
bl

ed
 s

us
pe

ns
io

n 
tim

e
Bo

dy
 w

ei
gh

t r
ed

uc
ed

 s
us

pe
ns

io
n 

tim
e 

w
ith

 b
ac

k 
at

ta
ch

m
en

t

G
oo

d

Ru
hr

m
an

n 
et

 a
l. 

[3
2]

20
10

N
at

io
na

l s
ur

ve
y 

am
on

g 
he

ig
ht

 re
sc

ue
 o

rg
an

iz
a-

tio
ns

68
 q

ue
st

io
nn

ai
re

s
3 

ca
se

s 
of

 s
us

pe
ns

io
n 

sy
nd

ro
m

e 
in

 1
31

 d
at

as
et

s
Po

or

W
ha

rt
on

 e
t a

l. 
[7

]
20

11
Ca

se
 re

po
rt

 w
ith

 p
at

ho
ph

ys
io

lo
gi

c 
pa

ra
m

et
er

s
1

Su
sp

en
si

on
 >

 4
 h

Rh
ab

do
m

yo
ly

si
s 

an
d 

ac
ut

e 
ki

dn
ey

 in
jru

y
Po

or



Page 5 of 13Rauch et al. Scand J Trauma Resusc Emerg Med           (2023) 31:95 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

Ye
ar

St
ud

y 
de

si
gn

Sa
m

pl
e 

Si
ze

Ke
y 

fin
di

ng
s

Q
ua

lit
y 

as
se

ss
m

en
t

H
si

ao
 e

t a
l. 

[3
3]

20
12

O
bs

er
va

tio
na

l p
hy

si
ol

og
ic

 h
um

an
 s

tu
dy

37
Su

sp
en

si
on

 to
le

ra
nc

e 
be

tw
ee

n 
5 

an
d 

56
 m

in
St

at
ic

 h
ar

ne
ss

 fi
t d

oe
s 

no
t c

or
re

la
te

 w
ith

 s
us

pe
n-

si
on

 to
le

ra
nc

e
Im

pr
op

er
ly

 c
on

fo
rm

ed
 /

 s
iz

ed
 h

ar
ne

ss
 c

ou
ld

 
in

cr
ea

se
 ri

sk
 o

f s
us

pe
ns

io
n 

sy
nd

ro
m

e
Re

ar
 a

tt
ac

hm
en

t w
ith

 a
ng

le
 >

 3
5°

 b
et

w
ee

n 
to

rs
o 

an
d 

su
sp

en
si

on
 li

ne
 h

as
 s

ho
rt

er
 s

us
pe

ns
io

n 
tim

e

G
oo

d

H
si

ao
 e

t a
l. 

[3
4]

20
13

O
bs

er
va

tio
na

l p
hy

si
ol

og
ic

 h
um

an
 s

tu
dy

 a
nd

 F
ou

-
rie

r a
na

ly
si

s 
of

 to
rs

o 
sc

an
s

21
6

di
ffe

re
nt

 h
ar

ne
ss

 s
iz

es
 a

re
 n

ec
es

sa
ry

 fo
r o

pt
im

al
 

fit H
ar

ne
ss

 fi
t i

s 
pa

rt
ly

 d
ep

en
de

nt
 o

n 
ge

nd
er

H
ar

ne
ss

 a
dj

us
tm

en
t i

s 
ne

ce
ss

ar
y 

fo
r c

lo
th

in
g 

an
d 

ot
he

r e
qu

ip
m

en
t

G
oo

d

G
oo

ss
en

s 
et

 a
l. 

[3
5]

20
14

Ca
se

 re
po

rt
1

Co
m

bi
na

tio
n 

of
 h

ea
t s

tr
ok

e 
an

d 
su

sp
en

si
on

 
sy

nd
ro

m
e 

af
te

r 1
 h

 o
f s

us
pe

ns
io

n
U

nc
on

sc
io

us
ne

ss
, r

ha
bd

om
yo

ly
si

s, 
an

d 
ac

ut
e 

ki
dn

ey
 in

ju
ry

Po
or

La
nf

ra
nc

on
i e

t a
l. 

[1
0]

20
17

O
bs

er
va

tio
na

l p
hy

si
ol

og
ic

 h
um

an
 s

tu
dy

40
Sy

nc
op

e 
in

 1
0%

 w
ith

 d
ro

p 
of

 s
ys

to
lic

 b
lo

od
 p

re
s-

su
re

, t
ac

hy
ca

rd
ia

 ju
st

 b
ef

or
e 

sy
nc

op
e 

an
d 

br
ad

y-
ca

rd
ia

 d
ur

in
g 

re
co

ve
ry

O
ns

et
 o

f s
yn

co
pe

 fr
om

 a
pr

up
t t

o 
m

in
ut

es
 

af
te

r fi
rs

t c
lin

ic
al

 s
ig

ns
D

ec
re

as
e 

of
 c

er
eb

ra
l o

xy
ge

na
te

d 
he

m
og

lo
bi

n 
be

fo
re

 s
yn

co
pe

G
oo

d

Be
ve

rly
 e

t a
l. 

[3
6]

20
19

O
bs

er
va

tio
na

l p
hy

si
ol

og
ic

 h
um

an
 s

tu
dy

18
, w

ith
 tw

o 
tr

ia
l r

un
s

To
le

ra
nc

e 
of

 re
ar

 a
tt

ac
hm

en
t h

an
gi

ng
 is

 s
ig

-
ni

fic
an

tly
 lo

w
er

 th
an

 fr
on

t a
tt

ac
hm

en
t (

sh
or

te
r 

du
ra

tio
n 

of
 h

an
gi

ng
, m

or
e 

tr
ia

l t
er

m
in

at
io

ns
)

25
%

 s
uff

er
ed

 s
ym

pt
om

s 
w

hi
ch

 le
ad

 to
 tr

ia
l 

te
rm

in
at

io
n,

 o
ne

 n
ea

r s
yn

co
pe

Br
ad

yc
ar

di
a 

in
 th

re
e 

su
bj

ec
ts

 w
ho

 te
rm

in
at

ed
 

tr
ia

l e
ar

ly
W

ea
k 

la
bo

ra
to

ry
 s

ig
ns

 o
f m

us
cl

e 
da

m
ag

e 
w

ith
 d

or
sa

l a
tt

ac
hm

en
t (

si
gn

ifi
ca

nt
 a

sp
ar

ta
te

 
am

in
ot

ra
ns

fe
ra

se
 in

cr
ea

se
)

Fa
ir

La
nf

ra
nc

on
i e

t a
l. 

[3
7]

20
19

O
bs

er
va

tio
na

l p
hy

si
ol

og
ic

 h
um

an
 s

tu
dy

40
Sy

nc
op

e 
in

 1
0%

 w
ith

 d
ec

re
as

e 
of

 a
rt

er
ia

l o
xy

ge
n 

sa
tu

ra
tio

n 
an

d 
a 

dr
op

 o
f s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e
Sh

or
t s

us
pe

ns
io

n 
to

le
ra

nc
e 

pa
rt

ic
ip

an
ts

 (n
o 

sy
nc

op
e)

 h
ad

 a
 c

ha
ng

ed
 o

f b
re

at
hi

ng
 p

at
te

rn
 

(in
cr

ea
se

 o
f t

id
al

 v
ol

um
e,

 d
ec

re
as

e 
of

 fr
eq

ue
nc

y,
 

in
cr

ea
se

 in
 re

sp
ira

to
ry

 e
la

st
ic

 p
ow

er
) s

tr
es

s 
in

du
ce

d 
hy

pe
rt

en
si

on
 (s

ym
pa

th
et

ic
 a

ct
iv

at
io

n)

G
oo

d



Page 6 of 13Rauch et al. Scand J Trauma Resusc Emerg Med           (2023) 31:95 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

Ye
ar

St
ud

y 
de

si
gn

Sa
m

pl
e 

Si
ze

Ke
y 

fin
di

ng
s

Q
ua

lit
y 

as
se

ss
m

en
t

Ra
uc

h 
et

 a
l. 

[1
1]

20
19

O
bs

er
va

tio
na

l p
hy

si
ol

og
ic

 h
um

an
 s

tu
dy

20
Su

dd
en

 p
re

-s
yn

co
pe

 in
 3

0%
Va

ga
l m

ec
ha

ni
sm

 le
ad

s 
to

 lo
ss

 o
f c

on
sc

io
us

ne
ss

 
(b

ra
dy

ca
rd

ia
 a

nd
 d

ro
p 

in
 s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e)
Ti

m
e 

to
 p

re
-s

yn
co

pe
 is

 u
np

re
di

ct
ab

le

G
oo

d

Ra
uc

h 
et

 a
l. 

[3
8]

20
19

O
bs

er
va

tio
na

l p
hy

si
ol

og
ic

 h
um

an
 s

tu
dy

20
Fr

ee
 h

an
gi

ng
 le

ad
s 

to
 ra

pi
d 

ve
no

us
 p

oo
lin

g 
in

 th
e 

lim
bs

M
os

t i
m

po
rt

an
t p

re
ve

nt
iv

e 
m

ea
su

re
 m

ig
ht

 b
e 

co
ns

ta
nt

 le
g 

m
ov

em
en

t
Pu

lm
on

ar
y 

em
bo

lis
m

 m
ig

ht
 b

e 
pr

ev
en

ta
bl

e 
ca

us
e 

of
 d

ea
th

G
oo

d

Ba
sz

cz
yn

sk
i [

39
]

20
22

O
bs

er
va

tio
na

l m
an

ik
in

 s
tu

dy
4 

in
du

st
ria

l c
lim

bi
ng

 h
ar

ne
ss

es
In

du
st

ria
l c

lim
bi

ng
 h

ar
ne

ss
es

, e
sp

ec
ia

lly
 

w
ith

 re
ar

 a
tt

ac
hm

en
t, 

ha
ve

 a
 h

ig
h 

ris
k 

of
 e

xc
es

-
si

ve
 lo

ca
l p

re
ss

ur
e

Po
or



Page 7 of 13Rauch et al. Scand J Trauma Resusc Emerg Med           (2023) 31:95 	

health and safety regulations and training in extrication 
techniques have mitigated against serious adverse events.

Pathophysiology
Until recently, a widespread hypothesis assumed that 
blood pooling in the lower limbs prompts a reduction in 
cardiac preload and subsequently a decrease in cardiac 
output and tissue perfusion, eventually leading to loss of 
consciousness, liver and kidney injury [15] and cardiac 
arrest [2]. However, an unequivocal causal relationship 
between blood pooling and cardiac arrest has never been 
proven and more recent studies support the hypothesis 
that a neurocardiogenic mechanism is responsible for the 
sudden reduction in cerebral perfusion and loss of con-
sciousness in suspension syndrome. Experimental stud-
ies in healthy participants hanging in a harness system 
showed venous pooling starting from bigger veins and 
progressively involving small venous vessels in the lower 
extremities [11, 38]. However, despite this sequestration 
of blood in the lower limbs due to the force of gravity 

and the absence of muscle activity, no relevant effects 
on systemic hemodynamic parameters were found (i.e., 
heart rate, blood pressure, stroke volume), besides occa-
sionally a mild tachycardia and hypertension which was 
attributed to discomfort and sympathetic activation [10, 
11, 15, 24, 27, 28, 37]. This persisted until a sudden drop 
in heart rate, blood pressure and stroke volume, similar 
to a neurocardiogenic syncope with a vasodilatory and 
cardio-inhibitory response, which led to a decreased cer-
ebral oxygenation [10, 11, 26–28, 36–38]. Simultaneously, 
symptoms of pre-syncope such as dizziness, light-head-
edness, pale skin, sweating, blurred vision and nausea 
occurred [11, 25, 27, 38]. The absence of distinct com-
pensatory tachycardia and reduced stroke volume, which 
are usually seen when cardiac preload is significantly 
reduced, suggest that the above mentioned traditional 
pathophysiological hypothesis of suspension syndrome is 
incorrect. However, the exact mechanism leading to the 
neurocardiogenic reflex and the role of orthostatic stress 
(i.e., blood pooling) in this context are unknown [40]. No 
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Fig. 1  PRISMA flow diagram depicting the study selection process
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change in baroreceptor-sensitivity, a possible mechanism 
leading to a neurocardiogenic syncope, was found in the 
minutes before the pre-syncope [11]. The Bezold-Jarisch 
reflex, a cardioinhibitory reflex causing bradycardia, vas-
odilation, and hypotension, could be implicated in sus-
pension syndrome. However, the Bezold-Jarisch reflex 
originates from inhibitory mechanoreceptors in the 
left ventricle stimulated by a poor filling, which was not 
found in experimental studies [11]. Altered sensation in 
the lower limbs, pain and the inability to move the legs, 
likely caused by compression of the sciatic nerve by the 
harness straps [11, 26], could significantly contribute to 
the development of the neurocardiogenic syncope [41].

During syncope, cerebral perfusion is quickly restored 
after an induced fall to the horizontal position. In con-
trast, hanging motionless on a rope precludes a hori-
zontal position after loss of consciousness whether the 
attachment point is at the level of the hip as for a sit har-
ness or at a higher level as with a chest harness (Fig. 2). 
The resulting positions can lead to a further decrease of 
organ perfusion that can be followed by death. Moreo-
ver, in the scenario of an unconscious patient suspended 
on a rope, airway obstruction caused by hyperflexion or 
hyperextension of the neck can further contribute to a 
potentially fatal outcome [42].

Studies showed an inter-individual variability in time 
to occurrence of the first symptoms of pre-syncope. This 
can be as short as a few minutes but can be up to sev-
eral hours [2, 10, 25, 33]. In addition to the unpredictable 

pathophysiological development, the symptoms of pre-
syncope can also occur suddenly without a prodromal 
stage [11]. The level of pain might be an important fac-
tor contributing to the (time to the) vagal event [11, 
26]. Gender does not seem to have any effect, whereas 
increased body weight seems to decrease time suspen-
sion is tolerated [31, 33]. Exercise before suspension 
could increase the susceptibility and decrease the time 
until suspension syndrome occurs [11].

Prolonged suspension can have additional effects. Tis-
sue hypoperfusion and hypoxia may lead to cell lysis, 
particularly in muscle tissue [7, 35, 36]. Rhabdomyolysis 
may cause hyperkalaemia, which may lead to a ventricu-
lar arrhythmia as well as acute kidney injury. Accidental 
hypothermia can be associated with prolonged hang-
ing and can further affect the course of suspension syn-
drome. Thromboembolic events have been associated 
with suspension syndrome due to venous stasis but was 
not associated with any of the deaths [30]. Paraesthesia 
and other neurologic lesions have been reported [2, 25].

Harness types  The type of harness has an influence 
on hanging. When hanging in a belt (without leg loops) 
or in a chest harness alone, very severe pain, pressure 
paralysis of the brachial nerves and a marked decrease 
in cardiopulmonary parameters due to restricted chest 
and diaphragm motion can occur rapidly and was asso-
ciated with a higher incidence of suspension syndrome 
compared to today. [24–26, 29]. These types of attach-

Fig. 2  Hanging motionless on a rope precludes a horizontal position after loss of consciousness whether the attachment point is at the level 
of the chest (left) or hip (right)
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ment are therefore considered obsolete and must be dis-
tinguished from the suspension syndrome in modern sit 
harnesses, which became increasingly widespread from 
the early 1970s onwards.

Suspension in harnesses with a dorsal attachment, 
as is often used in industrial climbing, is also associ-
ated with lower suspension tolerance in some but not 
all studies [36]. The hanging position is more vertical 
and a femoral vein compression, which may reduce 
venous return, is possible [39]. In addition, self-rescue 
is more difficult. However, the dorsal attachment is fun-
damentally different from the harness systems used in 
speleology and mountain sports. Anthropometric data, 
suspension angle and suspension tolerance from such 
harness systems can therefore not be easily transferred 
to sit harness systems with ventral attachment points 
[33]. An improperly fitted and sized belt can increase 
the risk of developing a suspension syndrome, for 
example by causing a pain-triggered vagal syncope due 
to nerve compression [34].

Discussion
To the best of our knowledge, this is the first scoping 
review on suspension syndrome. The literature search 
identified surveys on epidemiology of suspension syn-
drome and studies delving into its pathophysiology. 
Although precise and up-to-date epidemiological data 
remain elusive, we uncovered several studies of fair qual-
ity shedding light on the condition’s pathophysiological 
aspects. In essence, suspension is shown to cause venous 
pooling, yet this does not appear to trigger significant 
hemodynamic repercussions. The loss of consciousness 
can be attributed to a neurocardiogenic mechanism. 
Notably, comprehensive and credible data are exclu-
sively available from experimental human studies, as 
randomized controlled interventional studies are absent. 
These experimental studies predominantly center on the 
underlying pathogenetic mechanisms during the early 
stages of suspension syndrome. Ethical considerations 
constrain the evaluation of prolonged exposure beyond 
the onset of pre-syncopal symptoms and signs, leaving 
the outcomes of later stages, including cardiac arrest, 
shrouded in uncertainty.

Our scoping review did not yield experimental stud-
ies on the prevention, diagnosis, and treatment of sus-
pension syndrome. Nevertheless, given the clinical 
significance of these aspects, we next provide discussions 
informed by the pathophysiological data gleaned from 
the scoping review and from treatment recommenda-
tions for other conditions, e.g., cardiac arrest.

Furthermore, it is worth noting that the terminology, 
definition, and classification of suspension syndrome 

in the literature display significant heterogeneity. As a 
result, we propose a framework to address these aspects.

Definitions and classification
All terms with harness, such as “harness hang syncope” 
or “harness syndrome” should be avoided, as being in 
a harness is not a prerequisite to develop suspension 
syndrome. Also, all terms with trauma as “suspension 
trauma” are inappropriate, because often there is no or 
only minimal trauma. The term suspension syndrome 
includes (near) syncope, death on the rope, death after 
rescue and cases of subacute renal failure from rhabdo-
myolysis after rescue (Table 1). We propose the following 
classification of suspension syndrome, which is based on 
the severity of the symptoms, different pathophysiology, 
and the time course of the suspension syndrome:

1. Acute suspension syndrome

a) Near suspension syncope (characterized by light-headedness, dizzi-
ness, confusion,

pale skin, cold sweating, warmth / hot flashes, blurred vision or nausea, 
bradycardia)

b) Suspension syncope

c) Suspension cardiac arrest

d) Post-suspension cardiac arrest within 60 min after rescue

2. Subacute suspension syndrome

a) Sensory or motoric deficit in the legs persisting for > 24 h after rescue

b) End organ dysfunction, in particular rhabdomyolysis-associated acute 
kidney injury

c) Cardiac arrest > 60 min after rescue

None of the signs and symptoms must be attributable 
to trauma or any other medical condition (e.g., trauma, 
hypothermia, hypoglycemia).

Diagnosis and treatment
As suspension syndrome usually occurs in terrain where 
there is a risk of falling, it is important to ensure rescuer 
safety. The overall treatment principles follow normal 
management of vaso-vagal symptoms and, if critical, 
standard advanced life support (ALS) protocols [43, 44]. 
Treatment of pre-syncope and syncope should be initi-
ated immediately on extrication of the patient from the 
rope. The horizontal supine position to improve cerebral 
blood flow is recommended. Previous recommendations 
suggested not laying a patient down abruptly, but there 
is no evidence to support this [1, 4, 9, 45, 46]. If victims 
cannot be immediately extricated from the rope, preven-
tive measures, as described above, should be performed.

For an early diagnosis and a prompt intervention it is 
important to know and pay attention to the typical pre-
syncopal signs and symptoms: light-headedness, dizzi-
ness, confusion, pale skin, cold sweating, warmth/hot 
flashes, blurred vision or nausea, bradycardia [11, 31, 
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36, 47]. The orthostatic tolerance varies individually, and 
symptoms of pre-syncope may occur at any time during 
passive hanging on a rope.

First diagnostic measures on site after recovery from 
hanging include monitoring of pulse and respiration, 
blood pressure, peripheral oxygen saturation (SpO2) and 
electrocardiogram (ECG). The ECG should be analysed 
for signs of hyperkalaemia (peaked T waves, flat/absent 
P waves, broad QRS, sine waves) and arrhythmias (brady-
cardia, ventricular fibrillation) [44]. Portable ultrasound 
could be useful for detection of deep venous thrombosis 
or right ventricular dilation from pulmonary embolism 
and extended focused assessment with sonography for 
trauma (eFAST) [48–50]. Continuous full monitoring 
including body core temperature after recovery from 
hanging and during transport is recommended. Upon 
hospital admission, blood tests including liver and kidney 
function tests, creatine kinase (CK) and myoglobin, along 
with blood gas analysis are recommended to detect for 
possible electrolyte, acid base disturbances and rhabdo-
myolysis [7, 42, 51]. Monitoring of urinary output is also 
recommended. Consider a CT-scan to detect or exclude 
accompanying injuries.

Cardiac arrest is the end stage of suspension syn-
drome, and it may occur when an incapacitated patient 
suspended in a near-vertical position drops in blood 
pressure and heart rate below critical levels of organ per-
fusion. Emergency treatment is immediate extrication to 
flat ground and the initiation of standard ALS protocols. 
Rhabdomyolysis from lower extremity ischaemia should 
be suspected in cases where there has been more than 2 h 
of passive suspension [2, 3, 7]. Hyperkalaemia and kidney 
failure could develop in both the conscious and uncon-
scious patient. There are few cases of death occurring 
directly after rescue; it is speculated that this may be an 
effect of potassium returning from the legs [3]. Diagno-
sis and treatment of suspected rhabdomyolysis should 
follow standard protocols. In the case of cardiac arrest 
following suspension, hyperkalemia and pulmonary 
embolism should be considered and treated empirically, 
particularly after prolonged suspension [3, 7]. Drugs that 
increase serum potassium should be avoided, e.g., succi-
nylcholine. Other likely reversible causes of death in car-
diac arrest are hypoxia from airway obstruction during 
hanging and hypothermia [38]. Those reversible causes 
of cardiac arrest should be treated according to current 
guidelines [44]. Symptoms of nerve compression from 
the harness do occur [11]. No specific therapy is available 
and recovery from nerve compression requires time.

Prevention
Expert opinion suggests that anyone hanging pas-
sively in a harness or indeed held in an upright position 

without a harness is at risk of developing a suspension 
syndrome [3].

The most important preventive measure for the 
climber is having proper equipment and knowledge on 
how to use the former, especially personal rope skills 
[3]. Climbers and rescuers should be aware that loss of 
consciousness and cardiac arrest can occur at any time 
when a person is hanging motionless on rope. Once a 
person is stuck on rope, they must be brought down 
immediately. Therefore, rope work should never be 
conducted alone. The climber’s or worker’s team mem-
bers must have a plan for recovering a person quickly if 
they cannot escape the situation themselves.

If the person cannot be recovered, some steps may 
assist the person. Suspension syndrome is a conse-
quence of passive, immobile suspension, not just being 
suspended on rope. Active movement of the legs main-
tains and restores venous return to the heart [38]. A 
rock, crevice or house wall or a clipped step sling can 
also be used as an abutment to activate the muscle 
pump. A backpack should be taken off the back and 
hung, for example, at the attachment point to make 
hanging more comfortable. To alleviate muscle work 
needed to sit comfortably over time and increase com-
fort, the upper body can be stabilised by a sling which 
is passed under the armpits and clipped into the rope. 
Care must be taken to ensure that the sling does not cut 
into the body painfully. Suspended persons should be 
encouraged to continue moving the legs. Alternatively, 
a strap or sling under the knees may be used to raise up 
the legs closer to heart level [27, 29, 31]. Alternatively, 
the legs may be lifted by a rescuer. This may be espe-
cially important if the suspended person feels at risk of 
losing consciousness for any reason and would not be 
able to continue moving their legs. An added benefit of 
the supported legs is that it takes some pressure of the 
harness itself which may reduce effects of nerve com-
pression [4].

A person stuck on a rope is an emergency. It is appro-
priate to activate an emergency response early. Res-
cue teams should be properly equipped and trained to 
recover a person stuck on a rope in the shortest pos-
sible time.

A hanging test with the equipment should be per-
formed to best adjust the harness and find the least 
painful hanging possible while suspended before first 
use of the harness. Well-fitting leg loops on a modern 
harness do not restrict blood flow of the femoral vessels 
[3]. The decision whether to remove a harness during 
the rescue and treatment of the patient should there-
fore be based purely on the technical aspects of rescue 
and not on medical aspects.
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Research implications
The incidence and the relevance of suspension syn-
drome should be better described, e.g., through an 
international suspension syndrome registry. Also, 
the pathophysiology should be better assessed, e.g., 
whether a grading of suspension syndrome based on 
pathophysiological parameters can be achieved.

Limitations
Suspension Syndrome has a very low incidence; severe 
cases are especially rare. There are only a few case 
reports, some of which could not be thoroughly ana-
lysed because of incomplete data. Certain literature 
from the era of the initial description of suspension 
syndrome is no longer accessible. Consequently, the 
pathophysiological insights presented therein cannot 
be integrated into the current discussion. No inter-
rater reliability was calculated for the assessment of the 
results of the literature search. Comprehensive data are 
available from experimental human studies and focus 
on the underlying pathogenetic mechanisms during the 
early stages of suspension syndrome. Randomized con-
trolled interventional studies on suspension syndrome 
are absent. Regarding the quality assessment based on 
NHLBI grading, the studies often could not be clearly 
assigned to the categories specified by the NHLBI and 
usually had only small sample sizes.

Conclusions
Suspension syndrome is a rare entity. It is caused by 
hanging suspended in a harness. A neurocardiogenic 
reflex may lead to bradycardia, arterial hypotension, 
and cardiac arrest. Concomitant causes, such as pain 
from being suspended, traumatic injuries and acciden-
tal hypothermia may contribute to the development 
of suspension syndrome. Preventive factors include 
using a well-fitting sit harness, which does not cause 
discomfort while being suspended, and activating the 
muscle pump of the legs. Expediting help to extricate 
the suspended person is key. In a peri-arrest situation, 
the person should be positioned supine and standard 
ALS should be initiated immediately. Reversible causes 
of cardiac arrest caused by suspension syndrome, e.g., 
hyperkalaemia and pulmonary embolism, should be 
considered. In the hospital, blood and further exams 
should assess organ injuries caused by suspension syn-
drome. An international registry on suspension system 
is warranted to assess its incidence, pathophysiology, 
and outcome.

Recommendations
Based on our scoping review, discussion with the ICAR 
MedCom and to give guidance on the most important 
questions regarding the suspension syndrome, the fol-
lowing recommendations on prevention, diagnosis and 
treatment of the suspension syndrome have been devel-
oped and graded according to the Grading System of 
the American College of Chest Physicians [23].

No. Recommendation Grade

1 Rope work should be done only with proper equipment 
and knowledge on how to use it correctly. Rope work 
should never be conducted alone

1C

2 Persons suspended in a harness should be rescued as soon 
as possible, even if the casualty is asymptomatic, as time 
to near or actual syncope and potentially cardiac arrest 
is variable and unpredictable [11]

1B

3 While awaiting rescue, persons suspended freely on a rope 
should move their legs to reduce venous pooling [11, 38]

2B

4 If no adjoining structures are in reach, foot loops should be 
used to step in and increase the activation of the muscle 
pump [1, 3, 11, 42]

2B

5 If the casualty is no longer able to act and it is safe to do so, 
the first rescuer reaching the casualty should raise the vic-
tim’s legs to create a more horizontal position while meas-
ures are taken to lower the patient to the ground [11, 42]

2C

6 Once the casualty is on the ground, the casualty should be 
positioned supine. Assessment and treatment should fol-
low standard advanced life support algorithms. Reversible 
causes of cardiac arrest, including hyperkalaemia and pul-
monary embolism, should be considered, and managed 
appropriately [1, 3, 11, 42, 43, 45, 46]

1A

7 After prolonged hanging (> 2 h), patients are at risk 
of developing hyperkalaemia and acute kidney injury 
and should therefore be transported to a hospital 
with the capability of performing emergent renal replace-
ment therapy [2, 3, 7]

2C
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