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Abstract 

Background  It remains unclear how to optimise critical care rehabilitation to reduce the constellation of long-term physi-
cal, psychological and cognitive impairments known as Post Intensive Care Syndrome (PICS). Possible reasons for poor 
recovery include access to care and delayed treatment. eHealth could potentially aid in increasing access and providing 
consistent care remotely. Our review aimed to evaluate the effectiveness of eHealth interventions on PICS outcomes.

Methods  Studies reporting eHealth interventions targeting Post Intensive Care Syndrome outcomes, published 
in Medline, CINAHL, PsycINFO, Embase, and Scopus from 30th January 2010 to 12th February 2024, were included 
in the review. Study eligibility was assessed by two reviewers with any disagreements discussed between them 
or resolved by a third reviewer. Study quality and risk of bias were assessed using the Mixed Method Appraisal Tool. 
Further to the identification of effective strategies, our review also aimed to clarify the timeline of recovery considered 
and the outcomes or domains targeted by the interventions.

Results  Thirteen studies were included in our review. Study duration, eHealth intervention delivery format, and out-
come measures varied considerably. No studies reported a theory of behavioural change and only one study was co-
produced with patients or carers. Most studies were conducted in the early post-discharge phase (i.e., < 3 months) 
and had feasibility as a primary outcome. The cognitive domain was the least targeted and no intervention targeted 
all three domains. Interventions targeting the psychological domain suggest generally positive effects. However, 
results were underpowered and preliminary. Though all studies were concluded to be feasible, most studies did 
not assess acceptability. In studies that did assess acceptability, the main facilitators of acceptability were usability 
and perceived usefulness, and the main barrier was sensitivity to mental health and cognitive issues.

Conclusion  Our systematic review highlighted the promising contributions of eHealth with preliminary support 
for the feasibility of interventions in the early stages of post-critical care rehabilitation. Future research should focus 
on demonstrating effectiveness, acceptability, the cognitive domain, and multi-component interventions.
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Background
Post Intensive Care Syndrome (PICS) has been increas-
ingly recognised as an urgent problem among critical 
care survivors [1–4]. This is characterised as a sequalae of 
new or worsened physical, psychological, and cognitive 
impairments after critical illness which has significant 
impacts on functional outcomes, Health-Related Quality 
of Life (HRQoL), and employment [5–8]. The establish-
ment of a rehabilitation pathway is essential for success-
ful PICS management.

Critical care rehabilitation consists of four phases: 
acute recovery and prevention within the critical care 
unit, recovery in the hospital ward, the first 3  months 
after hospital discharge termed the early post-discharge 
period, and the late post-discharge period which can 
span years after discharge [9]. Our review terms the three 
phases after critical care discharge as the ‘post-critical 
care’ phases. The effectiveness of current interventions in 
the post-critical care phases are limited with most target-
ing the late post-discharge period [10, 11]. This limited 
effectiveness could be due to the time points chosen to 
begin rehabilitation (i.e., a later start of rehabilitation). 
The early post-discharge period is deemed a crucial 
recovery point where critical care survivors are most vul-
nerable. These impacts are further magnified by regional 
health inequalities that restrict access to care [12]. There 
is a need for earlier intervention and continuity of care.

The use of electronic Health (eHealth) is presented by 
the literature as a solution to minimise health inequalities 
and facilitate earlier intervention. eHealth technologies 
are characterised by 1) enabling the storage, retrieval, 
and transmission of data, 2) supporting clinical decision-
making, and 3) facilitating remote care [13]. These tech-
nologies include mobile applications, video conferencing, 
virtual reality, web platforms and wearable technology. 
The use of eHealth has proliferated within critical care. 
For example, the tele-critical care model aids in address-
ing workforce shortages, provides better access to spe-
cialist expertise, reduces patient transfers, and lowers 
ICU mortality [14, 15]. However, efforts in harnessing the 
benefits of eHealth have only just begun in post-critical 
care.

Studies conducted in the last 3  years demonstrate a 
demand for tools that can detect and measure rehabilita-
tion of PICS symptoms [16]. The use of eHealth interven-
tions to rehabilitate patients in the early post-discharge 
phase could promote better PICS recovery.  Evidence 
from other chronic patient populations like heart fail-
ure, stroke and diabetes has shown promising results in 
eHealth’s effectiveness on post-hospital disease manage-
ment, medicine adherence, and health-related quality of 
life [17–19]. However, specific identification and evalua-
tion in a post-critical care setting has yet to be done. To 

our knowledge, this is the first comprehensive review of 
eHealth’s impact on PICS outcomes during the critical 
care rehabilitation phase. This encompasses the in-hos-
pital, early, and late post-discharge phases. The objec-
tive of the review is to identify effective strategies using 
eHealth that target PICS, their timeline in the recovery 
path and the outcomes addressed. As primary outcomes, 
we consider the PICS domains (physical, psychological 
and cognitive) targeted by the eHealth interventions, the 
recovery phase these interventions are implemented and 
their effectiveness. Secondary objectives include the fea-
sibility of these eHealth interventions, acceptability, and 
identification of the barriers, and facilitators of eHealth 
intervention uptake.

Methods
This systematic review is reported based on the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [20]. The study was registered and 
published in the International Prospective Register of 
Systematic Review databases (PROSPERO registration 
number: CRD42023463036) [21]

Search strategy and selection criteria
Search strategy
The following databases were searched: Medline, 
CINAHL, PsycINFO, Embase, and Scopus. Reference 
lists from key articles were also checked for any addi-
tional articles that fit the inclusion criteria. Due to the 
rapid innovation of eHealth technologies, studies that 
were published from 30th January 2010 to 12th February 
2024 were included in this review. No restrictions were 
imposed on the language of publication.

The PICO framework [22] was used to identify key 
terms and develop the search string. PIO was used as 
there was no restriction imposed on the study design. 
The comparator category was not included in the search 
strategy to expand the articles picked up. The catego-
ries were defined as (P): Post Intensive Care patients; (I): 
eHealth interventions; (O) Post Intensive Care Syndrome 
outcomes (Physical, Psychological, Cognitive). The search 
string was tailored to fit the querying format of each 
database and can be found in Supplementary Material S1.

Study inclusion and exclusion criteria
Eligible studies included i) adults over the age of 18 who 
have been discharged from critical care (in the hospi-
tal ward, early post-discharge, and late post-discharge), 
ii) the inclusion of one or more eHealth interventions 
implemented in any of the three phases of post-critical 
care recovery, iii) PICS domains were measured as an 
outcome, vi) full text published in peer reviewed jour-
nals. There were no restrictions made on the study design 
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and the language of publications. As current eHealth 
definitions proposed in the literature are very broad and 
general, we operationalised what constitutes an eHealth 
intervention using the definition by Black et  al., [13] 
which was conceptualised to aid the categorisation of 
eHealth interventions using themes generated from 53 
systematic reviews. The eHealth inclusion and exclusion 
criteria were developed based on this definition and the 
types of eHealth interventions were categorised in these 
categories.

(1)	 Telemedicine
(2)	 Telerehabilitaiton
(3)	 Self-directed interventions
(4)	 Remote patient monitoring (wearables, sensors)
(5)	 Virtual Reality (VR)

Studies excluded consisted of (i) no evidence of eHealth 
intervention, (ii) Paediatric (children) ICU, (iii) neonatal/
prenatal ICU, (iv) systematic reviews and meta-analyses, 
(v) conference abstracts, and (vi) study protocols.

Selection process
Two reviewers (DL, ZL) independently screened the arti-
cles according to the stipulated inclusion and exclusion 
criteria. During the titles and abstract screening stage, 
screening procedures proposed by Adams et  al. [23] 
were used. The first reviewer (DL) screened all titles and 
abstracts, while the second reviewer (ZL) screened a 10% 
random selection of articles. There was substantial inter-
rater reliability between the reviewers (Kappa = 0.66; per-
centage agreement = 98.8%). Full-text screening was done 
independently by DL and ZL with almost perfect agree-
ment (Kappa = 0.95, percentage agreement = 98.3%) Any 
disagreements were discussed between the two reviewers 
until a consensus was reached. When consensus could 
not be reached, the dispute was solved with the consulta-
tion of a senior team member (TD).

Data extraction
Data extracted consisted of study characteristics (Author/
year; Country; Study design; Population; Post-critical 
care timepoint; Sample size/Control (if any); Study dura-
tion), eHealth intervention characteristics (Intervention; 
Type of eHealth intervention; Delivery Format; Outcome 
Measures; Findings).

Feasibility was measured and assessed in different ways 
due to the variation of eHealth interventions. Feasibility 
data extracted included the feasibility outcome defined 
by authors, attrition, definition of intervention adher-
ence, adherence rate, reasons for participant withdrawal, 
and author’s conclusions.

Data extracted for acceptability consisted of how 
acceptability was assessed (acceptability measure), main 
findings, and reported barriers and facilitators in inter-
vention uptake. Data extraction was done in duplicate by 
two reviewers (DL and ZL) who worked independently.

Risk of bias and quality assessment
Two reviewers (DL, and ZL) independently assessed the 
risk of bias and the quality of studies using the Mixed 
Methods Appraisal Tool (MMAT) [24]. The tool has 
5 quality criteria examining and evaluating the appro-
priateness of a study’s aims, methodology, design, data 
collection, data analysis, presentation of findings, discus-
sion, and conclusion. The quality criteria are rated with 
‘Yes’, ‘No’, or ‘Can’t tell’ and are evaluated based on study 
design. Criteria for a randomised controlled trial are dif-
ferent from a non-randomised trial (quality criteria can 
be found in Supplementary Material S2). Each study was 
scored using percentages based on the recommenda-
tions by Pace et al. [25]. Any disagreements were resolved 
through discussion between the two reviewers.

Data synthesis and analysis
A quantitative analysis of outcomes or meta-analysis 
could not be done due to the heterogeneity of the study 
designs, outcome measures used, eHealth interventions, 
and the critical care population. With the included stud-
ies, a qualitative narrative synthesis was undertaken 
to summarise the primary and secondary outcomes of 
interest. Data were grouped based on the main outcomes 
listed in the data extraction section.

Results
Initial database searches yielded 3,673 articles. The dedu-
plication of 428 articles led to a total of 3,245 titles and 
abstracts screened. In accordance with the exclusion cri-
teria, 3,186 articles were excluded leaving 59 articles for 
full-text retrieval. Out of the 59 articles, 13 met the inclu-
sion criteria for the current review. Figure 1 presents the 
PRISMA diagram documenting the processes of identify-
ing, screening, and selecting included papers.

Study characteristics
Studies were conducted across 7 countries with the 
majority coming from the United States (6/13). A total 
of 548 participants were enrolled across 13 studies. The 
sample sizes ranged from 5 to 89 with participant ages 
ranging from 47 to 72  years. Study design varied con-
siderably across the studies with 46% (6/13) of studies 
being Randomised Controlled feasibility Trials (RCT) 
[31–33, 36, 41, 42], 38.4% (5/13) prospective observa-
tional cohort studies [34, 35, 38, 40, 43], and 15.3% (2/13) 
qualitative studies [37, 39]. None of the studies reported 
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any underpinning theory of behaviour change and only 1 
study [40] reported co-production efforts during inter-
vention development. The characteristics and interven-
tion descriptions of included studies are summarised in 
Table 1.

Interventions targeting PICS
There was a wide range of different eHealth inter-
ventions and delivery formats. 3 studies investigated 
telerehabilitation [27, 31, 33], 2 studies investigated tel-
emedicine [26, 35], 2 studies investigated patient moni-
toring [29, 30], 3 studies investigated virtual reality 

[36–38], and 1 study investigated a self-directed eHealth 
intervention [28].

Out of the three domains, eHealth interventions tar-
geted the psychological domain most frequently [26, 
28, 33, 35–37], followed by the physical domain [26, 
27, 29–31] and the cognitive domain being the least 
targeted [27, 31, 38]. Only three study teams designed 
interventions that covered two PICS domains [26, 27, 
31]. There were no eHealth interventions that targeted 
all three PICS domains in tandem. Table 2 summarises 
the relationship between the intervention delivery for-
mat and the domains targeted.

Fig. 1  PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram documenting the processes of identification, 
screening, and article inclusion. Latest search 12th February 2024



Page 5 of 16Lai et al. Critical Care          (2024) 28:317 	

Ta
bl

e 
1 

St
ud

y 
ch

ar
ac

te
ris

tic
s, 

de
sc

rip
tio

n 
of

 e
H

ea
lth

 in
te

rv
en

tio
ns

 a
nd

 m
ai

n 
fin

di
ng

s

A
ut

ho
r, 

Ye
ar

Co
un

tr
y

St
ud

y 
D

es
ig

n
Po

pu
la

tio
n

Ti
m

e 
po

in
t

Sa
m

pl
e/

Co
nt

ro
l

D
ur

at
io

n
In

te
rv

en
tio

n
Ty

pe
 o

f 
eH

ea
lth

 
in

te
rv

en
tio

n

D
el

iv
er

y 
fo

rm
at

O
ut

co
m

e 
M

ea
su

re
s

M
ai

n 
Fi

nd
in

gs

Ba
la

kr
is

hn
an

 
et

 a
l. 

[2
6]

U
S

Fe
as

ib
ili

ty
 R

C
T​

Co
vi

d-
19

 
pa

tie
nt

s
Ea

rly
 p

os
t-

di
sc

ha
rg

e
40

/T
AU

​§
10

 w
ee

ks
Te

le
m

ed
ic

in
e 

vi
si

ts
 1

4 
da

ys
 

po
st

-h
os

pi
ta

l d
is

-
ch

ar
ge

 in
 C

ov
id

-
19

 a
nd

 A
RD

S 
su

rv
iv

or
s

Te
le

m
ed

ic
in

e/
 

Vi
de

o 
ca

ll
Vi

de
o 

ca
ll

6M
W

T 
EQ

5D
5L

N
o 

si
gn

ifi
ca

nt
 

di
ffe

re
nc

e 
in

 H
RQ

O
L,

 
an

d 
an

xi
et

y

Ca
pi

n 
et

 a
l. 

[2
7]

U
S

Fe
as

ib
ili

ty
 R

C
T​

Co
vi

d-
19

 
pa

tie
nt

s
Ea

rly
 p

os
t-

di
sc

ha
rg

e
44

/A
ct

iv
e*

12
 w

ee
ks

Te
le

re
ha

bi
lit

at
io

n 
pr

og
ra

m
 w

hi
ch

 
in

cl
ud

ed
 1

2 
ex

er
ci

se
 s

es
si

on
s 

le
d 

by
 a

 p
hy

si
-

ot
he

ra
pi

st

Te
le

-r
eh

ab
ili

-
ta

tio
n

A
pp

30
 s

 C
ha

ir 
st

an
d 

te
st

 T
U

G
 

St
ep

 c
ou

nt
 

M
oC

A

N
o 

si
gn

ifi
ca

nt
 

di
ffe

re
nc

e 
in

 p
hy

si
ca

l 
ou

tc
om

es
N

o 
si

gn
ifi

ca
nt

 
di

ffe
re

nc
e 

in
 c

og
ni

tiv
e 

ou
tc

om
es

Co
x 

et
 a

l. 
[2

8]
U

S
Fe

as
ib

ili
ty

 R
C

T​
M

ed
ic

al
, c

ar
-

di
ac

, a
nd

 s
ur

-
gi

ca
l I

C
U

Ea
rly

 p
os

t-
di

sc
ha

rg
e

80
/A

ct
iv

e*
12

 w
ee

ks
Se

lf-
di

re
ct

ed
 

m
in

df
ul

ne
ss

 
ap

pl
ic

at
io

n 
w

hi
ch

 d
el

iv
er

ed
 

4 
m

in
df

ul
-

ne
ss

 s
es

si
on

s 
co

ns
is

tin
g 

of
 b

ac
kg

ro
un

d 
vi

de
os

, g
ui

de
d 

m
ed

ita
tio

n 
an

d 
ed

uc
at

io
na

l 
m

at
er

ia
ls

Se
lf-

D
ire

ct
ed

 
eH

ea
lth

 in
te

r-
ve

nt
io

n

A
pp

PH
Q

-1
5 

PT
SS

 
PH

Q
-9

 G
A

D
-7

 
EQ

5D
5L

M
in

df
ul

-
ne

ss
 g

ro
up

 
ha

s 
lo

w
er

 P
TS

D
 

an
d 

D
ep

re
s-

si
ve

 s
ym

pt
om

s 
an

d 
an

xi
et

y 
sc

or
es

 c
om

-
pa

re
d 

to
 g

ro
up

 
th

at
 re

ce
iv

ed
 

ed
uc

at
io

n
Fe

as
ib

ili
ty

, 
ac

ce
pt

ab
ili

ty
, 

an
d 

us
ab

ili
ty

 
co

nc
lu

de
d



Page 6 of 16Lai et al. Critical Care          (2024) 28:317 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

Ye
ar

Co
un

tr
y

St
ud

y 
D

es
ig

n
Po

pu
la

tio
n

Ti
m

e 
po

in
t

Sa
m

pl
e/

Co
nt

ro
l

D
ur

at
io

n
In

te
rv

en
tio

n
Ty

pe
 o

f 
eH

ea
lth

 
in

te
rv

en
tio

n

D
el

iv
er

y 
fo

rm
at

O
ut

co
m

e 
M

ea
su

re
s

M
ai

n 
Fi

nd
in

gs

D
en

eh
y 

et
 a

l. 
[2

9]
A

us
tr

al
ia

O
bs

er
va

tio
na

l 
Q

ua
si

-e
xp

er
i-

m
en

ta
l

M
ed

ic
al

 IC
U

In
-h

os
pi

ta
l

53
1 

w
ee

k
C

rit
ic

al
 c

ar
e 

su
rv

i-
vo

rs
 w

or
e 

an
 a

ct
i-

gr
ap

h 
fo

r 7
 d

ay
s 

at
 2

 m
on

th
s 

po
st

-h
os

pi
ta

l 
di

sc
ha

rg
e

Re
m

ot
e 

pa
tie

nt
 m

on
i-

to
rin

g

W
ea

ra
bl

e
6M

W
T 

TU
G

 
SF

-3
6 

St
ep

 
co

un
t

A
bs

en
ce

 
of

 c
hr

on
ic

 
di

se
as

e 
w

as
 s

ig
ni

fic
an

tly
 

as
so

ci
at

ed
 

w
ith

 in
cr

ea
se

d 
di

st
an

ce
 w

al
ke

d 
(p

 <
 .0

00
) 

w
he

re
 c

hr
on

ic
 

di
se

as
e 

ex
pl

ai
ne

d 
33

.5
%

 
of

 th
e 

va
ria

nc
e 

in
 a

ve
ra

ge
 d

is
-

ta
nc

e 
w

al
ke

d
IC

U
 s

ur
vi

vo
rs

 
w

er
e 

in
ac

tiv
e 

w
he

n 
qu

an
tit

a-
tiv

el
y 

m
ea

su
re

d 
at

 2
 m

on
th

s 
af

te
r h

os
pi

ta
l 

di
sc

ha
rg

e
63

%
 o

f p
ar

-
tic

ip
an

ts
 d

id
 

no
t r

ea
ch

 
30

 m
in

 o
f m

od
-

er
at

e 
ph

ys
ic

al
 

ac
tiv

ity



Page 7 of 16Lai et al. Critical Care          (2024) 28:317 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

Ye
ar

Co
un

tr
y

St
ud

y 
D

es
ig

n
Po

pu
la

tio
n

Ti
m

e 
po

in
t

Sa
m

pl
e/

Co
nt

ro
l

D
ur

at
io

n
In

te
rv

en
tio

n
Ty

pe
 o

f 
eH

ea
lth

 
in

te
rv

en
tio

n

D
el

iv
er

y 
fo

rm
at

O
ut

co
m

e 
M

ea
su

re
s

M
ai

n 
Fi

nd
in

gs

Es
tr

up
 e

t a
l. 

[3
0]

D
en

m
ar

k
O

bs
er

va
tin

al
 

Q
ua

si
-e

xp
er

i-
m

en
ta

l

M
ed

ic
al

, s
ur

gi
-

ca
l I

C
U

In
-h

os
pi

ta
l

44
1 

w
ee

k
A

ct
iv

ity
 le

ve
ls

 
m

ea
su

re
d 

fo
r 7

 d
ay

s 
in

-h
os

pi
ta

l. 
Ph

ys
ic

al
 fu

nc
-

tio
n 

ou
tc

om
es

 
w

er
e 

m
ea

su
re

d 
3 

m
on

th
s 

po
st

-h
os

pi
ta

l 
di

sc
ha

rg
e

Co
nt

in
uo

us
 

pa
tie

nt
 m

on
i-

to
rin

g

W
ea

ra
bl

e
C

PA
x 

St
ep

 
co

un
t

Im
pr

ov
ed

 p
hy

si
-

ca
l f

un
ct

io
n 

in
 m

os
t p

at
ie

nt
s 

3-
m

on
th

 
po

st
-h

os
pi

ta
l 

di
sc

ha
rg

e
Ph

ys
ic

al
 fu

nc
-

tio
n 

co
rr

el
at

ed
 

w
ith

 m
ea

n 
da

ily
 a

ct
iv

ity
 

(p
 =

 0
.0

17
), 

m
ax

im
um

 a
ct

iv
-

ity
 o

n 
se

co
nd

 
da

y 
(p

 =
 .0

05
3)

, 
an

d 
to

ta
l a

ct
iv

-
ity

 in
 th

e 
da

y-
tim

e 
(p

 =
 0

.0
05

8)

Ja
ck

so
n 

et
 a

l. 
[3

1]
U

S
Fe

as
ib

ili
ty

 R
C

T​
M

ed
ic

al
, s

ur
gi

-
ca

l I
C

U
Ea

rly
 p

os
t-

di
sc

ha
rg

e
21

/T
AU

​§
12

 w
ee

ks
A

 h
yb

rid
 c

og
ni

-
tiv

e,
 p

hy
si

ca
l 

an
d 

fu
nc

tio
na

l 
re

ha
bi

lit
a-

tio
n.

 p
hy

si
ca

l 
an

d 
fu

nc
tio

na
l 

re
ha

bi
lit

at
io

n 
se

s-
si

on
s 

w
er

e 
co

n-
du

ct
ed

 v
ia

 v
id

eo
 

ca
ll.

 C
og

ni
tiv

e 
re

ha
bi

lit
at

io
n 

w
as

 d
on

e 
in

-
pe

rs
on

Te
le

-r
eh

ab
ili

-
ta

tio
n

Vi
de

o 
ca

ll
TU

G
 T

ow
er

 
te

st
 M

M
SE

Im
pr

ov
em

en
ts

 
in

 c
og

ni
tiv

e 
ou

tc
om

es
Im

pr
ov

em
en

ts
 

in
 in

st
ru

m
en

ta
l 

ac
tiv

iti
es

 o
f d

ai
ly

 
liv

in
g 

(d
riv

in
g,

 
sh

op
pi

ng
)

Ko
va

le
va

 e
t a

l. 
[3

2]
U

S
Q

ua
lit

at
iv

e
IC

U
 S

ep
si

s 
an

d/
or

 A
RD

S 
di

ag
no

si
s

La
te

 p
os

t-
di

sc
ha

rg
e

24
12

 w
ee

ks
Vi

de
o 

co
nf

er
en

ce
 

at
 3

- a
nd

 1
2-

 
w

ee
ks

 p
os

t h
os

-
pi

ta
l d

is
ch

ar
ge

Te
le

m
ed

ic
in

e
Vi

de
o 

ca
ll

Pa
tie

nt
 e

xp
er

i-
en

ce
A

ll 
pa

rt
ic

ip
an

ts
 

fo
un

d 
te

l-
em

ed
ic

in
e 

vi
si

t 
ac

ce
pt

ab
le

Te
ch

no
lo

gy
 

w
as

 e
as

y 
to

 u
se



Page 8 of 16Lai et al. Critical Care          (2024) 28:317 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

Ye
ar

Co
un

tr
y

St
ud

y 
D

es
ig

n
Po

pu
la

tio
n

Ti
m

e 
po

in
t

Sa
m

pl
e/

Co
nt

ro
l

D
ur

at
io

n
In

te
rv

en
tio

n
Ty

pe
 o

f 
eH

ea
lth

 
in

te
rv

en
tio

n

D
el

iv
er

y 
fo

rm
at

O
ut

co
m

e 
M

ea
su

re
s

M
ai

n 
Fi

nd
in

gs

Pa
rk

 e
t a

l. 
[3

3]
U

S
O

bs
er

va
tio

na
l 

Q
ua

si
-e

xp
er

i-
m

en
ta

l

Co
vi

d-
19

La
te

 p
os

t-
di

sc
ha

rg
e

18
U

p 
to

 1
4 

se
s-

si
on

s
U

p 
to

 1
4 

vi
rt

ua
l, 

ev
id

en
ce

-b
as

ed
 

ps
yc

ho
th

er
ap

y 
se

ss
io

ns
 

fo
r p

at
ie

nt
s. 

In
te

rv
en

tio
n 

in
te

gr
at

ed
 

ps
yc

ho
ed

uc
a-

tio
n,

 c
og

ni
tiv

e 
re

st
ru

ct
ur

in
g,

 
ac

ce
pt

an
ce

, 
ex

po
su

re
-b

as
ed

, 
an

d 
m

in
df

ul
ne

ss

Te
le

-p
sy

ch
o-

th
er

ap
y

Vi
de

o 
ca

ll
PH

Q
-9

 G
A

D
-7

Si
gn

ifi
ca

nt
 

de
cr

ea
se

 
in

 p
ar

tic
ip

an
ts

 
m

ee
tin

g 
an

xi
et

y 
(5

7.
1%

 
de

cr
ea

se
) 

an
d 

de
pr

es
-

si
on

 (5
7.

2%
 

de
cr

ea
se

)

Pa
rk

er
 e

t a
l. 

[3
4]

A
us

tr
al

ia
Q

ua
lit

at
iv

e
A

RD
S 

su
rv

i-
vo

rs
La

te
 p

os
t-

di
sc

ha
rg

e
10

N
. A

A
pp

lic
at

io
n 

w
hi

ch
 c

on
si

st
ed

 
of

 e
du

ca
tio

na
l 

re
so

ur
ce

s 
on

 re
ha

bi
lit

at
io

n,
 

a 
m

oo
d 

tr
ac

ke
r, 

an
d 

a 
go

al
 

tr
ac

ke
r

Ed
uc

at
io

na
l

A
pp

A
cc

ep
ta

bi
lit

y
80

%
 s

ta
te

d 
ap

pl
ic

at
io

n 
w

as
 e

as
y 

to
 u

se
37

%
 s

ta
te

d 
it 

w
ou

ld
 b

e 
he

lp
fu

l t
o 

ha
ve

 
an

 a
pp

lic
at

io
n 

de
m

on
st

ra
tio

n
M

ed
ia

n 
sc

or
e 

fo
r a

pp
 

‘h
el

pf
ul

ne
ss

’ 
w

as
 th

e 
m

ax
i-

m
um

 s
co

re
 o

f 5
, 

IQ
R 

[4
.2

4–
5.

00
]

Ro
se

 e
t a

l. 
[3

5]
¶

U
K

O
bs

er
va

tio
na

l 
Q

ua
si

-e
xp

er
i-

m
en

ta
l

M
ed

ic
al

, S
ur

gi
-

ca
l I

C
U

Ea
rly

 p
os

t-
di

sc
ha

rg
e

5
12

 w
ee

ks
D

el
iv

er
ed

 
th

ro
ug

h 
on

lin
e/

m
ob

ile
 p

la
tfo

rm
. 

Th
e 

pl
at

fo
rm

 
pr

ov
id

ed
 

as
se

ss
m

en
ts

 
of

 b
as

el
in

e 
st

at
us

 
an

d 
re

co
ve

ry
 

ba
rr

ie
rs

, t
ai

lo
re

d 
e-

re
so

ur
ce

s 
ba

se
d 

on
 re

co
v-

er
y 

ba
rr

ie
rs

, 
pa

tie
nt

 re
co

ve
ry

 
e-

di
ar

y

Te
le

m
ed

ic
in

e
W

eb
-b

as
ed

/
A

pp
Sh

or
t-

te
rm

 
go

al
 c

om
pl

e-
tio

n

Tw
o 

pa
tie

nt
s 

re
po

rt
ed

 a
ch

ie
v-

in
g 

sh
or

t-
te

rm
 

go
al

s, 
2 

pa
rt

ia
lly

 
ac

hi
ev

ed
 g

oa
ls

, 
an

d 
1 

di
d 

no
t a

ch
ie

ve



Page 9 of 16Lai et al. Critical Care          (2024) 28:317 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

Ye
ar

Co
un

tr
y

St
ud

y 
D

es
ig

n
Po

pu
la

tio
n

Ti
m

e 
po

in
t

Sa
m

pl
e/

Co
nt

ro
l

D
ur

at
io

n
In

te
rv

en
tio

n
Ty

pe
 o

f 
eH

ea
lth

 
in

te
rv

en
tio

n

D
el

iv
er

y 
fo

rm
at

O
ut

co
m

e 
M

ea
su

re
s

M
ai

n 
Fi

nd
in

gs

Vl
ak

e 
et

 a
l. 

[3
6]

N
et

he
rla

nd
s

M
ul

ti-
ce

nt
re

 
fe

as
ib

ili
ty

 R
C

T​
IC

U
 S

ep
si

s 
or

 s
ep

tic
 

sh
oc

k 
di

ag
-

no
si

s

In
-h

os
pi

ta
l

50
/A

ct
iv

e*
1 

se
ss

io
n

Pa
tie

nt
s 

in
 th

e 
st

ep
-

do
w

n 
w

ar
d 

go
 

th
ro

ug
h 

th
e 

IC
U

-
VR

 in
te

rv
en

tio
n 

w
hi

ch
 in

cl
ud

es
 

di
ffe

re
nt

 s
ce

ne
s 

in
 th

e 
IC

U
 u

ni
t. 

Pa
tie

nt
s 

w
er

e 
th

en
 fo

llo
w

ed
 

up
 2

 d
ay

s, 
1 

w
ee

k,
 1

 m
on

th
, 

an
d 

6 
m

on
th

s 
af

te
r V

R 
in

te
rv

en
-

tio
n

Vi
rt

ua
l R

ea
lit

y 
in

te
rv

en
tio

n
Vi

rt
ua

l R
ea

lit
y 

he
ad

se
t

IE
S-

R 
BD

I-I
I 

M
C

S-
12

 
EQ

5D
5L

PT
SD

 
an

d 
de

pr
es

si
on

 
re

du
ce

d 
in

 V
R 

in
te

rv
en

tio
n 

gr
ou

p 
2 

da
ys

 
af

te
r e

xp
os

ur
e 

an
d 

pe
rs

is
te

d 
th

ro
ug

ho
ut

 fo
l-

lo
w

 u
p 

tim
e-

po
in

ts
H

RQ
oL

 
im

pr
ov

ed
 

in
 V

R 
in

te
rv

en
-

tio
n 

gr
ou

p 
up

 to
 1

 m
on

th
 

af
te

r V
R 

in
te

r-
ve

nt
io

n.
 D

id
 

no
t i

m
pr

ov
e 

6 
m

on
th

s 
af

te
r i

nt
er

ve
n-

tio
n

VR
 in

te
rv

en
-

tio
n 

gr
ou

p 
ex

pe
rie

nc
ed

 
gr

ea
te

r s
en

se
 

of
 p

re
se

nc
e,

 
in

vo
lv

em
en

t 
an

d 
ex

pe
ri-

en
ce

d 
re

al
is

m

Vl
ak

e 
et

 a
l. 

[3
7]

N
et

he
rla

nd
s

M
ul

ti-
ce

nt
re

 
fe

as
ib

ili
ty

 R
C

T​
Co

vi
d-

19
La

te
 p

os
t-

di
sc

ha
rg

e
89

/T
AU

​§
1 

se
ss

io
n

VR
 in

te
rv

en
-

tio
n 

is
 th

e 
sa

m
e 

as
 in

te
rv

en
tio

n 
ab

ov
e 

bu
t w

as
 

tr
ia

le
d 

on
 a

 p
os

t-
ho

sp
ita

l d
is

-
ch

ar
ge

 s
am

pl
e.

 
Pa

rt
ic

ip
an

ts
 w

er
e 

fo
llo

w
ed

 u
p 

1 
an

d 
3 

m
on

th
s 

af
te

r 3
-m

on
th

 
po

st
-ic

u 
cl

in
ic

 
ap

po
in

tm
en

t

Vi
rt

ua
l R

ea
lit

y 
in

te
rv

en
tio

n
Vi

rt
ua

l R
ea

lit
y 

he
ad

se
t

IE
S-

R 
H

A
D

S 
SF

-3
6 

EQ
5D

5L
Ps

yc
ho

lo
gi

-
ca

l o
ut

co
m

es
 

an
d 

qu
al

ity
 

of
 li

fe
 d

id
 

no
t i

m
pr

ov
e

Sa
tis

fa
ct

io
n 

in
 IC

U
 a

ft
er

ca
re

 
ra

te
d 

hi
gh

er
 

in
 in

te
rv

en
tio

n 
gr

ou
p



Page 10 of 16Lai et al. Critical Care          (2024) 28:317 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

Ye
ar

Co
un

tr
y

St
ud

y 
D

es
ig

n
Po

pu
la

tio
n

Ti
m

e 
po

in
t

Sa
m

pl
e/

Co
nt

ro
l

D
ur

at
io

n
In

te
rv

en
tio

n
Ty

pe
 o

f 
eH

ea
lth

 
in

te
rv

en
tio

n

D
el

iv
er

y 
fo

rm
at

O
ut

co
m

e 
M

ea
su

re
s

M
ai

n 
Fi

nd
in

gs

W
oo

d 
et

 a
l. 

[3
8]

Ca
na

da
O

bs
er

va
tio

na
l 

Q
ua

si
-e

xp
er

i-
m

en
ta

l

M
ed

ic
al

, S
ur

gi
-

ca
l I

C
U

La
te

 p
os

t-
di

sc
ha

rg
e

70
2 

se
ss

io
ns

A
 s

cr
ee

ni
ng

 to
ol

 
w

he
re

 p
ar

tic
i-

pa
nt

s 
co

m
-

pl
et

ed
 7

 ta
sk

s 
w

ith
in

 a
 V

R 
en

vi
ro

nm
en

t

Vi
rt

ua
l R

ea
lit

y 
Sc

re
en

in
g 

To
ol

Vi
rt

ua
l R

ea
lit

y
RB

A
N

S 
KI

N
A

RM
 (V

R 
In

te
rv

en
tio

n)

Pr
ev

al
en

ce
 

of
 c

og
ni

tiv
e 

an
d 

se
ns

or
im

o-
to

r i
m

pa
irm

en
ts

 
9/

28
 (3

2%
) 

an
d 

3/
22

 (1
4%

) 
pa

rt
ic

ip
an

ts
 

di
sp

la
ye

d 
gl

ob
al

 c
og

ni
tiv

e 
im

pa
irm

en
t

Sc
re

en
in

g 
to

ol
 

ca
us

ed
 li

tt
le

 
to

 n
o 

pr
oc

e-
du

ra
l d

is
co

m
fo

rt

N
on

e 
of

 th
e 

in
cl

ud
ed

 s
tu

di
es

 re
po

rt
ed

 a
n 

ex
pl

ic
it 

be
ha

vi
ou

ra
l t

he
or

y 
or

 m
od

el
 o

f c
ha

ng
e

RC
T​ 

Ra
nd

om
is

ed
 C

on
tr

ol
le

d 
Tr

ia
l, 

TA
U

​ T
re

at
m

en
t a

s 
us

ua
l, 

H
RQ

oL
 H

ea
lth

 R
el

at
ed

 Q
ua

lit
y 

of
 L

ife
, P

TS
D

 P
os

t T
ra

um
at

ic
 S

tr
es

s 
D

is
or

de
r, 

IC
U

 In
te

ns
iv

e 
Ca

re
 U

ni
t, 

M
 M

ea
n,

 S
D

 S
ta

nd
ar

d 
D

ev
ia

tio
n,

 A
RD

S 
Ac

ut
e 

Re
sp

ira
to

ry
 

D
is

tr
es

s 
Sy

nd
ro

m
e,

 V
R 

Vi
rt

ua
l R

ea
lit

y

O
ut

co
m

e 
M

ea
su

re
 A

bb
re

vi
at

io
ns

: 6
M

W
T 

6 
M

in
ut

e 
W

al
k 

Te
st

, E
Q

5D
5L

 5
 E

ur
op

e 
Q

ua
lit

y 
of

 L
ife

 5
 D

im
en

si
on

s 
5 

Le
ve

ls
, T

U
G

​ T
im

ed
 U

p 
an

d 
G

o 
Te

st
, M

oC
A 

M
on

tr
ea

l C
og

ni
tiv

e 
A

ss
es

sm
en

t, 
PH

Q
-9

/1
5 

Pa
tie

nt
 H

ea
lth

 
Q

ue
st

io
nn

ai
re

 (9
 o

r 1
5 

qu
es

tio
n 

ve
rs

io
n)

, G
AD

-7
 G

en
er

al
is

ed
 A

nx
ie

ty
 D

is
or

de
r –

 7
 q

ue
st

io
ns

, P
TS

S 
Po

st
 T

ra
um

at
ic

 S
yn

dr
om

e 
Sc

al
e,

 S
F-

36
 S

ho
rt

 F
or

m
- 3

6 
qu

es
tio

ns
, C

PA
x 

Ch
el

se
a 

Cr
iti

ca
l C

ar
e 

Ph
ys

ic
al

 A
ss

es
sm

en
t T

oo
l, 

M
M

SE
 M

in
i- 

M
en

ta
l S

ta
te

 E
xa

m
in

at
io

n,
 IE

S-
R 

Im
pa

ct
 o

f E
ve

nt
 S

ca
le

- R
ev

is
ed

, B
D

I-I
I B

ec
k 

D
ep

re
ss

io
n 

In
ve

nt
or

y 
2,

 M
CS

-1
2 

M
en

ta
l h

ea
lth

 C
om

po
ne

nt
 S

um
m

ar
y-

 1
2 

qu
es

tio
ns

, H
AD

S 
H

os
pi

ta
l A

nx
ie

ty
 a

nd
 D

ep
re

ss
io

n 
Sc

al
e,

 
RB

AN
S 

Re
pe

at
ab

le
 B

at
te

ry
 fo

r t
he

 A
ss

es
sm

en
t o

f N
eu

ro
ps

yc
ho

lo
gi

ca
l S

ca
le

¶  R
os

e 
et

 a
l.,

 (2
02

1)
 w

as
 th

e 
on

ly
 in

cl
ud

ed
 s

tu
dy

 w
hi

ch
 re

po
rt

ed
 to

 h
av

e 
do

ne
 c

o-
pr

od
uc

tio
n 

an
d 

pa
tie

nt
 a

nd
 p

ub
lic

 in
vo

lv
em

en
t w

or
k 

du
rin

g 
th

e 
eH

ea
lth

 in
te

rv
en

tio
n 

ph
as

e
§  T

re
at

m
en

t a
s 

U
su

al
 c

on
tr

ol
 g

ro
up

s 
un

de
rw

en
t u

su
al

 o
ut

pa
tie

nt
 c

lin
ic

s
*  A

ct
iv

e 
co

nt
ro

l g
ro

up
s 

w
er

e 
pr

ov
id

ed
 e

du
ca

tio
n 

m
at

er
ia

ls
 a

nd
 a

 fa
ce

-t
o-

fa
ce

 e
qu

iv
al

en
t o

f t
he

 e
H

ea
lth

 in
te

rv
en

tio
n



Page 11 of 16Lai et al. Critical Care          (2024) 28:317 	

Timing of interventions
Most of the included studies (5/11 studies) chose the 
early post discharge phase [26–28, 31, 35]. Three studies 
[29, 30, 36] were conducted in-hospital and 3 studies dur-
ing the late post-discharge [33, 37, 38].

eHealth intervention effects on PICS outcomes
Outcome measures
There were a variety of outcome measures for each PICS 
domain. Physical measures include 6MWT [26, 29], TUG 
[27, 29, 31], CPAx [30], actigraphy step count [29, 30], 
and 30-s chair stand [27]. Psychological outcome meas-
ures included the HADS [37], PHQ [28, 33], GAD-7 [28, 
33], BDI-II [36], SF-36 [29], MCS-12 [36], PTSS [28] and 
IES-R [36, 37]. Cognitive measures included MoCA [27], 
MMSE [31], RBANS [38]. Studies measuring Health-
Related Quality of Life all used the EQ-5D-5L [28, 36, 37].

Physical outcomes
The impact of eHealth interventions on physical function 
was mixed. Whilst Jackson et al. [31] found a significant 
effect on physical function with a multi-component teler-
ehabilitation, Capin et al. [27] did not find any significant 
effects on physical function with a tele-physical therapy 
intervention. A significant improvement in physical 
function at 3  months post-discharge was significantly 
correlated with mean daily activity [30]. An absence of 
chronic disease is a majorly significant (p < 0.000) predic-
tor of increased distance walked post-hospital discharge 
explaining 33.5% of the variance in mean distance walked 
[29].

Psychological and cognitive outcomes
Of the 6 studies that targeted psychological outcomes, 
4 studies showed significant reductions in anxiety 
[33], depression [28, 33, 36], and Post Traumatic Stress 

Disorder [28, 36]. Only 2 studies showed no effects [26, 
37].

Two studies that targeted cognitive outcomes used the 
same telerehabilitation programmes used in the physical 
outcomes section [27, 31]. Capin et al. [27] did not find 
any improvement in cognitive outcomes while Jackson 
et  al. [31] found significant improvement in executive 
functioning. Wood et  al. [38] tested a cognitive screen-
ing tool and found less pronounced cognitive impairment 
12 months after hospital discharge.

Secondary outcomes
Feasibility
All the included studies which explored feasibility (9 out 
of 13 studies) demonstrated the feasibility of the vari-
ous eHealth interventions. Outcome measures used to 
evaluate feasibility varied. All studies used adherence as 
an outcome of feasibility. Other outcomes include Attri-
tion [28], safety through reported adverse events [27], 
VR immersion, and motion sickness [36]. All studies had 
an adherence rate of more than 70%. One study had 71% 
adherence [28], 4 studies had > 75% adherence [29–31, 
33], 1 study had 83% adherence [27], 1 study had 90% 
adherence [26], and 2 studies had 100% adherence [36, 
37]. A summary of the defined feasibility outcomes and 
findings is summarised in Additional file 1: Table S3.

Acceptability of eHealth interventions
Studies which reported acceptability (5 out of 13) 
included two qualitative studies [32, 34] and 3 RCTs [26, 
27, 37]. Acceptability measures mainly evaluated partici-
pant satisfaction and perceptions of the intervention. All 
studies concluded the intervention to be acceptable. The 
3 RCT studies evaluated acceptability using a question-
naire and reported high participant satisfaction.

Table 2  Summary of targeted PICS domains of each eHealth intervention

Author/Year Intervention delivery format Physical Psychological Cognitive

Denehy et al. [29] Wearable sensor x

Estrup et al. [30] Wearable sensor x

Jackson et al. [31] Video conference x x

Capin et al. [27] Video conference x x

Balakrishnan et al. [26] Video conference x x

Park et al. [33] Video conference x

Cox et al. [28] Application x

Rose et al. [35] Web/application x

Vlake et al. [36] Virtual reality x

Vlake et al. [37] Virtual reality x

Wood et al. [38] Virtual reality x
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The two qualitative studies focused on the experi-
ences of a telemedicine intervention and an app-based 
mood monitoring prototype system [32, 34]. Both stud-
ies assessed acceptability through semi-structured 
interviews and reported barriers and facilitators in inter-
vention uptake.

Most themes considered the sensitivity of mental 
health and cognitive issues as barriers. Participants from 
Kovaleva et  al. [32] study mentioned that neuropsycho-
logical assessments felt ‘embarrassing’ when other clini-
cians were present in the video call while participants in 
Parker et al. [34] study thought ‘depression’ was too stig-
matising and suggested the term emotions/states as an 
option.

Usability and perceived usefulness were identified as 
the main facilitators of the use of eHealth interventions. 
Facilitators in the acceptability of eHealth interventions 
included the ease of using the intervention platforms, the 
convenience, and viewing the platform as a motivator of 
recovery. A summary of all the acceptability findings can 
be found in Additional file 1: Table S4.

Quality assessment and risk of bias of included studies
Quality assessments used the MMAT tool [24] with most 
studies running quantitative randomised controlled tri-
als. Though included RCTs varied in quality, most of 
the RCT studies were of high quality with 4 of 6 studies 
scoring 80% [27, 28, 31, 37] and 2 studies were of mod-
erate quality scoring 60% [26, 36]. The main limitations 
impacting study quality were due to incomplete outcome 
data and the inability to ‘blind’ participants. There was 

a greater variance in study quality for non-randomised 
quantitative studies with 2 high-quality studies scoring 
80% [29, 30], 2 studies moderate quality studies scoring 
60% [33, 38] and 1 low quality study scoring 20% [35]. 
The main limitations that impacted the low-quality study 
were the representativeness of the sample, selection of 
measures, and incomplete description of intervention as 
intended. The two qualitative studies were high-quality at 
80% [32] and 100% [34]. The detailed rating and scoring 
of the MMAT tool can be found in Table 3

Discussion
The main objectives of the study were to systematically 
assess and explore eHealth’s effectiveness in alleviating 
PICS impairments, when in the recovery path these are 
implemented, and the domains being targeted by each 
intervention. There was a great variety of eHealth inter-
ventions with most studies focussing on the physical and 
psychological domains. Most studies were conducted in 
the early post-discharge phase and had feasibility as a 
primary outcome. There is great heterogeneity in the out-
come measures used to assess PICS domains, feasibility 
and acceptability. Nevertheless, findings from the review 
suggest that eHealth interventions are feasible in a post-
critical care setting with further research required in 
measuring effectiveness.

Though there is variation in the outcome measures 
used to assess PICS outcomes, the majority of the studies 
used measures recommended by published core outcome 
sets (COS). The lack of consistency is due to the different 
COS available. Remote physiotherapy interventions used 

Table 3  Mixed method appraisal tool risk or bias rating scores

Y Yes, N No, U Unknown/Can’t Tell

Author (Year), Country 1.1 1.2 1.3 1.4 1.5 2.1 2.2 2.3 2.4 2.5 3.1 3.2 3.3 3.4 3.5 Score(%)

Qualitative

Kovaleva et al. [32] Y N Y Y Y 80%

Parker et al. [34] Y Y Y Y Y 100%

Quantitative Randomised

Balakrishnan et al. [26] Y Y N N Y 60%

Capin et al. [27] Y Y Y N Y 80%

Cox et al. [28] Y Y Y Y N 80%

Jackson et al. [31] Y Y Y Y N 80%

Vlake et al. [36] Y Y Y N N 60%

Vlake et al. [37] Y Y Y N Y 80%

Quantitative Non-randomised

Denehy et al. [29] Y Y Y N Y 80%

Estrup et al. [30] Y Y Y N Y 80%

Park et al. [33] Y N Y N Y 60%

Rose et al. [35] N Y N U U 20%

Wood et al. [38] Y Y N N Y 60%
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a COS focussing on critical care physical rehabilitation 
[39], while other interventions used a mixture of clinically 
based COS [40] and COS for clinical research [41]. COS 
is produced to reduce outcome measure heterogene-
ity and enable better data synthesis [42]. However, none 
of the studies reported which outcome sets the meas-
ures were selected from. To meet the aims of producing 
a COS, future studies should report how measures were 
chosen and identify if a specific COS was used. This will 
provide consistency in reporting and ease for researchers 
to compare results across eHealth interventions.

The effects of the eHealth interventions on PICS out-
comes were mixed. This is the case for physical and psy-
chological outcomes. The majority of studies targeting 
psychological outcomes had more interventions report-
ing positive effects. Vlake et al. [37] did not find signifi-
cant improvements in psychological outcomes in a late 
post-discharge sample. However, a prior study conducted 
by the same authors found an improvement in psycho-
logical outcomes in an in-hospital sample that persisted 
across other follow-up time points [36]. Prior systematic 
reviews on post-critical care rehabilitation have high-
lighted the importance of intervention timing [11, 43]. 
Just as early mobilisation in the critical care ward can 
alleviate the risk of PICS development [44], there may be 
an optimal window across the post-critical care recovery 
path for certain interventions to be effective.

Cognitive outcomes were the least targeted out of the 
three PICS domains. Studies investigating this outcome 
observed improvement with multi-component rehabili-
tation, Jackson et al. [31] attributed significant effects in 
physical and cognitive outcomes when combining reha-
bilitation of the two domains together, a result that con-
trasts with Capin et al. [27] programme which focussed 
on physical function only. The potential benefits and syn-
ergistic effects of performing physical exercise and cogni-
tive training have been documented in other populations 
[45]. Interrelationships among the three domains are pre-
sented through the prevalence of PICS symptom comor-
bidities. Heesaker et al. [46] observed that mental health 
and cognitive impairment always occur simultaneously 
with the other two domains. Marra et al. [47] reported a 
combination of mental health and cognitive impairment 
occurring more frequently than other combinations. 
Kang et  al. [48] built on those studies and found that 
41.1% of critical care survivors with PICS had symptoms 
in two or more domains with Physical-Mental symptoms 
being the most prevalent. With these potential effects, 
the review found that there has yet to be an intervention 
that targets these three domains. The incorporation of 
the cognitive domain is still incipient, and more evidence 
is required to determine the impact of multi-component 
interventions.

None of the included studies reported on a theory of 
behaviour change and only one study [35] reported evi-
dence of co-producing the intervention. Recent guide-
lines from the Medical Research Council recommend 
complex health interventions to be co-produced and 
underpinned by the behavioural theory of change as it 
increases the effectiveness of behaviour change [49–51]. 
There is a possibility that behavioural theories have been 
implied and not discussed explicitly. Goal setting was 
used in the digital pathway intervention by Rose et  al., 
[35], app-based Mindfulness [28] and tele-psychotherapy 
[33] rely on the mechanisms of change brought by the 
therapeutic approaches. Nevertheless, explicit reporting 
of theories used as well as evidence of co-production is 
integral in evaluating complex health interventions.

Most studies point to the feasibility of implementing 
eHealth interventions. With regards to acceptability, stud-
ies that assessed it deemed the eHealth interventions fea-
sible. The implementation of eHealth interventions into 
day-to-day clinical practice has been challenging [52]. The 
decision to adopt an eHealth intervention requires careful 
management of both patient and staff expectations [53]. 
Clinicians and hospital staff need to believe that the inter-
vention can improve care and efficiency. They need to be 
on board, involved, and receive consistent support during 
the adoption [54]. The success of eHealth implementation 
is also determined by patient engagement and uptake. 
This is especially challenging in older patient popula-
tions like critical care survivors. The themes of usability 
and perceived usefulness highlighted in this review were 
in line with older patients with chronic conditions [55], 
older patients with cancer [56], and the general older pop-
ulation [56, 57]. Critical care survivors were more likely 
to adhere to eHealth interventions when they are easy 
to use, convenient and perceived as a motivator towards 
recovery. The continuous contact between patients and 
the clinical team through telemedicine visits supported 
the perceptions of care continuance, thus increasing the 
perceived usefulness and adherence to eHealth inter-
ventions. Despite the alignment with research on senior 
populations, acceptability was only assessed by 5 out of 
13 studies which limits the generalisability of findings in 
a post-critical care population. Further research is needed 
to address the specific barriers and facilitators for eHealth 
uptake and engagement in this population.

Study limitations
One limitation of this review is the infancy of the current 
research area. The primary objective of studies included in 
the review was to assess the feasibility of the intervention 
resulting in underpowered studies with small samples. The 
effects of eHealth on each PICS domain are preliminary 
in nature. Nevertheless, the summarised evidence paints 
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a promising picture of the development of eHealth inter-
ventions in this population. Future studies need to focus 
on larger-scale RCTs which will provide more insight into 
intervention effectiveness. The authors of the ICU-VR inter-
vention have progressed to a larger RCT trial [59] in hope of 
generating more robust effects of the intervention on PICS 
outcomes. Other eHealth trials are also underway in this 
post-critical care phase of recovery [60–62]. Thus, whilst 
eHealth interventions can be concluded to be feasible, con-
clusions on effectiveness are premature at this point.

Even though no restriction was imposed on the lan-
guage and country of article publication, the language 
used in the search strategy undoubtedly constrained its 
results. We acknowledge that if the search terms included 
other languages, other articles could be deemed eligible. 
This review adhered closely to the PICO framework [22] 
and search strings were systematically piloted in prelim-
inary searches. The review attempted to be as broad as 
possible regarding the search strategy and the databases 
selected. Future research may also benefit from the inclu-
sion of Medical Subject Headings (MeSH) terms to fur-
ther expand the search.

Conclusions
eHealth research and development in post-critical care reha-
bilitation is still early in its infancy with most studies focus-
ing on feasibility. Based on the review findings, preliminary 
feasibility results are promising with research progressing 
to larger scale studies to derive more robust conclusions on 
effectiveness. Future research should be prioritised towards 
acceptability, targeting the cognitive domain, and exploring 
the effects of interventions targeting all 3 domains. eHealth 
is one vital solution in providing access, continuity, and sus-
tainable care in the post-critical care setting.
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