
Research Space
Journal article

Exploring the effectiveness of eHealth interventions in treating 

Post Intensive Care Syndrome (PICS) outcomes: a systematic 

review

D'Oliveira, T., Shergill, S., Dikomitis, L., Lai Jie, D., Johnston, E. 

and Liu, Z.



   
 

1 

Exploring the effectiveness of eHealth interventions in 1 

treating Post Intensive Care Syndrome (PICS) outcomes: 2 

a systematic review. 3 

Daniel Lai Jie1,2, Zhao Liu3,4, Elaine Johnston5,6, Lisa Dikomitis6,7, Teresa 4 
D’Oliveira1,8ǂ, Sukhi Shergill8,6ǂ  5 
 6 
 7 
1 Canterbury Christ Church University, Canterbury, UK  8 
2 National Institute of Health and Care Research, Applied Research Collaboration Kent, Surrey and Sussex, UK 9 
3 School of Computing, University of Kent, Canterbury, UK 10 
4 College of Software and Big Data, Inner Mongolia Electronic Information Technical College, Hohhot, Inner 11 
Mongolia, China 12 
5 Maidstone and Tunbridge Wells NHS Trust, Kent, UK 13 
6 Kent and Medway Medical School, University of Kent and Canterbury Christ Church University, Canterbury, 14 
UK  15 
7 Centre for Health Services Studies, University of Kent, Canterbury, UK  16 
8 Institute of Psychiatry, Psychology, & Neuroscience, King’s College London, UK  17 

ǂ These authors are joint senior authors on this work  18 

 19 
 20 

Address correspondence to Professor Sukhi Shergill, Institute of Psychiatry, Psychology, & 21 

Neuroscience, King’s College London, UK. Email: sukhi.shergill@kcl.ac.uk  22 

  23 
  24 
  25 
 26 

 27 

 28 

 29 

 30 

 31 

 32 

 33 

mailto:sukhi.shergill@kcl.ac.uk


   
 

2 

Exploring the effectiveness of eHealth interventions in treating Post 34 

Intensive Care Syndrome (PICS) outcomes: a systematic review.   35 

Abstract: 36 

Background: 37 

It remains unclear how to optimise critical care rehabilitation to reduce the constellation of 38 

long-term physical, psychological and cognitive impairments known as Post Intensive Care 39 

Syndrome (PICS). Possible reasons for poor recovery include access to care and delayed 40 

treatment. eHealth could potentially aid in increasing access and providing consistent care 41 

remotely. Our review aimed to evaluate the effectiveness of eHealth interventions on PICS 42 

outcomes. 43 

Methods: 44 

Studies reporting eHealth interventions targeting Post Intensive Care Syndrome outcomes, 45 

published in Medline, CINAHL, PsycINFO, Embase, and Scopus from 30th January 2010 to 46 

12th February 2024, were included in the review.  Study eligibility was assessed by two 47 

reviewers with any disagreements discussed between them or resolved by a third reviewer. 48 

Study quality and risk of bias were assessed using the Mixed Method Appraisal Tool. Further 49 

to the identification of effective strategies, our review also aimed to clarify the timeline of 50 

recovery considered and the outcomes or domains targeted by the interventions.  51 

Results: 52 

Thirteen studies were included in our review. Study duration, eHealth intervention delivery 53 

format, and outcome measures varied considerably. No studies reported a theory of 54 

behavioural change and only one study was co-produced with patients or carers. Most studies 55 

were conducted in the early post-discharge phase (i.e., < 3 months) and had feasibility as a 56 

primary outcome. The cognitive domain was the least targeted and no intervention targeted 57 

all three domains. Interventions targeting the psychological domain suggest generally 58 



   
 

3 

positive effects. However, results were underpowered and preliminary. Though all studies 59 

were concluded to be feasible, most studies did not assess acceptability. In studies that did 60 

assess acceptability, the main facilitators of acceptability were usability and perceived 61 

usefulness, and the main barrier was sensitivity to mental health and cognitive issues.    62 

Conclusion: 63 

Our systematic review highlighted the promising contributions of eHealth with preliminary 64 

support for the feasibility of interventions in the early stages of post-critical care 65 

rehabilitation. Future research should focus on demonstrating effectiveness, acceptability, the 66 

cognitive domain, and multi-component interventions.    67 

Keywords: 68 

Critical Care; Critical Illness; Critical Care Rehabilitation; Post-Intensive Care Syndrome; 69 
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Background 84 

Post Intensive Care Syndrome (PICS) has been increasingly recognised as an urgent 85 

problem among critical care survivors [1-4].  This is characterised as a sequalae of new or 86 

worsened physical, psychological, and cognitive impairments after critical illness which has 87 

significant impacts on functional outcomes, Health-Related Quality of Life (HRQoL), and 88 

employment [5,6-8].  The establishment of a rehabilitation pathway is essential for successful 89 

PICS management. 90 

Critical care rehabilitation consists of four phases: acute recovery and prevention 91 

within the critical care unit, recovery in the hospital ward, the first 3 months after hospital 92 

discharge termed the early post-discharge period, and the late post-discharge period which 93 

can span years after discharge [9]. Our review terms the three phases after critical care 94 

discharge as the ‘post-critical care’ phases.  The effectiveness of current interventions in the 95 

post-critical care phases are limited with most targeting the late post-discharge period [10,11]. 96 

This limited effectiveness could be due to the time points chosen to begin rehabilitation (i.e., 97 

a later start of rehabilitation). The early post-discharge period is deemed a crucial recovery 98 

point where critical care survivors are most vulnerable. These impacts are further magnified 99 

by regional health inequalities that restrict access to care [12]. There is a need for earlier 100 

intervention and continuity of care.  101 

The use of electronic Health (eHealth) is presented by the literature as a solution to 102 

minimise health inequalities and facilitate earlier intervention. eHealth technologies are 103 

characterised by 1) enabling the storage, retrieval, and transmission of data, 2) supporting 104 

clinical decision-making, and 3) facilitating remote care [13]. These technologies include 105 

mobile applications, video conferencing, virtual reality, web platforms and wearable 106 

technology. The use of eHealth has proliferated within critical care. For example, the tele-107 
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critical care model aids in addressing workforce shortages, provides better access to specialist 108 

expertise, reduces patient transfers, and lowers ICU mortality [14,15]. However, efforts in 109 

harnessing the benefits of eHealth have only just begun in post-critical care. 110 

Studies conducted in the last 3 years demonstrate a demand for tools that can detect 111 

and measure rehabilitation of PICS symptoms [16]. The use of eHealth interventions to 112 

rehabilitate patients in the early post-discharge phase could promote better PICS recovery. 113 

However, evidence from other chronic patient populations like heart failure, stroke and 114 

diabetes has shown promising results in eHealth’s effectiveness on post-hospital disease 115 

management, medicine adherence, and health-related quality of life [17-19]. Specific 116 

identification and evaluation in a post-critical care setting has yet to be done. To our 117 

knowledge, this is the first comprehensive review of eHealth’s impact on PICS outcomes 118 

during the critical care rehabilitation phase. This encompasses the in-hospital, early, and late 119 

post-discharge phases. The objective of the review is to identify effective strategies using 120 

eHealth that target PICS, their timeline in the recovery path and the outcomes addressed. As 121 

primary outcomes, we consider the PICS domains (physical, psychological and cognitive) 122 

targeted by the eHealth interventions, the recovery phase these interventions are implemented 123 

and their effectiveness. Secondary objectives include the feasibility of these eHealth 124 

interventions, acceptability, and identification of the barriers, and facilitators of eHealth 125 

intervention uptake.   126 

Methods 127 

This systematic review is reported based on the Preferred Reporting Items for 128 

Systematic Reviews and Meta-Analyses (PRISMA) [20]. The study was registered and 129 

published in the International Prospective Register of Systematic Review databases 130 

(PROSPERO registration number: CRD42023463036) [21] 131 
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Search Strategy and Selection Criteria  132 

Search Strategy 133 

The following databases were searched: Medline, CINAHL, PsycINFO, Embase, and 134 

Scopus. Reference lists from key articles were also checked for any additional articles that fit 135 

the inclusion criteria. Due to the rapid innovation of eHealth technologies, studies that were 136 

published from 30th January 2010 to 12th February 2024 were included in this review. No 137 

restrictions were imposed on the language of publication. 138 

 The PICO framework [22] was used to identify key terms and develop the search 139 

string. PIO was used as there was no restriction imposed on the study design. The comparator 140 

category was not included in the search strategy to expand the articles picked up. The 141 

categories were defined as (P): Post Intensive Care patients; (I): eHealth interventions; (O) 142 

Post Intensive Care Syndrome outcomes (Physical, Psychological, Cognitive).  The search 143 

string was tailored to fit the querying format of each database and can be found in 144 

Supplementary Material S1. 145 

Study Inclusion and Exclusion Criteria 146 

Eligible studies included i) adults over the age of 18 who have been discharged from 147 

critical care (in the hospital ward, early post-discharge, and late post-discharge), ii) the 148 

inclusion of one or more eHealth interventions implemented in any of the three phases of 149 

post-critical care recovery, iii) PICS domains were measured as an outcome, vi) full text 150 

published in peer reviewed journals. There were no restrictions made on the study design and 151 

the language of publications. As current eHealth definitions proposed in the literature are 152 

very broad and general, we operationalised what constitutes an eHealth intervention using the 153 

definition by Black et al., [13] which was conceptualised to aid the categorisation of eHealth 154 

interventions using themes generated from 53 systematic reviews. The eHealth inclusion and 155 



   
 

7 

exclusion criteria were developed based on this definition and the types of eHealth 156 

interventions were categorised in these categories. 157 

1) Telemedicine 158 

2) Telerehabilitaiton 159 

3) Self-directed interventions 160 

4) Remote patient monitoring (wearables, sensors) 161 

5) Virtual Reality (VR) 162 

Studies excluded consisted of i) no evidence of eHealth intervention, ii) Paediatric 163 

(children) ICU, iii) neonatal/prenatal ICU, iv) systematic reviews and meta-analyses, v) 164 

conference abstracts, and vi) study protocols. 165 

Selection Process 166 

Two reviewers (DL, ZL) independently screened the articles according to the 167 

stipulated inclusion and exclusion criteria. During the titles and abstract screening stage, 168 

screening procedures proposed by Adams et al. [23] were used. The first reviewer (DL) 169 

screened all titles and abstracts, while the second reviewer (ZL) screened a 10% random 170 

selection of articles. There was substantial inter-rater reliability between the reviewers 171 

(Kappa = 0.66; percentage agreement = 98.8%). Full-text screening was done independently 172 

by DL and ZL with almost perfect agreement (Kappa = 0.95, percentage agreement = 98.3%) 173 

Any disagreements were discussed between the two reviewers until a consensus was reached. 174 

When consensus could not be reached, the dispute was solved with the consultation of a 175 

senior team member (TD).  176 

Data Extraction 177 

Data extracted consisted of study characteristics (Author/year; Country; Study design; 178 

Population; Post-critical care timepoint; Sample size/Control (if any); Study duration), 179 
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eHealth intervention characteristics (Intervention; Type of eHealth intervention; Delivery 180 

Format; Outcome Measures; Findings).  181 

Feasibility was measured and assessed in different ways due to the variation of 182 

eHealth interventions. Feasibility data extracted included the feasibility outcome defined by 183 

authors, attrition, definition of intervention adherence, adherence rate, reasons for participant 184 

withdrawal, and author’s conclusions.  185 

Data extracted for acceptability consisted of how acceptability was assessed 186 

(acceptability measure), main findings, and reported barriers and facilitators in intervention 187 

uptake. Data extraction was done in duplicate by two reviewers (DL and ZL) who worked 188 

independently. 189 

Risk of Bias and Quality Assessment 190 

Two reviewers (DL, and ZL) independently assessed the risk of bias and the quality of 191 

studies using the Mixed Methods Appraisal Tool (MMAT) [24].  The tool has 5 quality criteria 192 

examining and evaluating the appropriateness of a study’s aims, methodology, design, data 193 

collection, data analysis, presentation of findings, discussion, and conclusion. The quality 194 

criteria are rated with ‘Yes’, ‘No’, or ‘Can’t tell’ and are evaluated based on study design. 195 

Criteria for a randomised controlled trial are different from a non-randomised trial (quality 196 

criteria can be found in Supplementary Material S2). Each study was scored using 197 

percentages based on the recommendations by Pace et al. [25]. Any disagreements were 198 

resolved through discussion between the two reviewers. 199 

Data Synthesis and Analysis 200 

A quantitative analysis of outcomes or meta-analysis could not be done due to the 201 

heterogeneity of the study designs, outcome measures used, eHealth interventions, and the 202 

critical care population. With the included studies, a qualitative narrative synthesis was 203 
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undertaken to summarise the primary and secondary outcomes of interest. Data were grouped 204 

based on the main outcomes listed in the data extraction section.  205 

Results 206 

Initial database searches yielded 3,673 articles. The deduplication of 428 articles led 207 

to a total of 3,245 titles and abstracts screened. In accordance with the exclusion criteria, 208 

3,186 articles were excluded leaving 59 articles for full-text retrieval. Out of the 59 articles, 209 

13 met the inclusion criteria for the current review. Figure 1 presents the PRISMA diagram 210 

documenting the processes of identifying, screening, and selecting included papers. 211 



   
 

10 

 212 

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow 213 

diagram documenting the processes of identification, screening, and article inclusion. Latest search 214 

12th February 2024 215 

Study Characteristics 216 

Studies were conducted across 7 countries with the majority coming from the United 217 

States (6/13). A total of 548 participants were enrolled across 13 studies. The sample sizes 218 

ranged from 5 to 89 with participant ages ranging from 47 to 72 years.  Study design varied 219 
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considerably across the studies with 46% (6/13) of studies being Randomised Controlled 220 

feasibility Trials (RCT) [31-33,36,41,42], 38.4% (5/13) prospective observational cohort studies 221 

[34,35,38,40,43], and 15.3% (2/13) qualitative studies  [37,39]. None of the studies reported any 222 

underpinning theory of behaviour change and only 1 study [40] reported co-production efforts 223 

during intervention development. The characteristics and intervention descriptions of 224 

included studies are summarised in Table 1. 225 

 226 

--------------------------------Insert Table 1 here (Page 11- Page 20) ---------------------------227 

 228 

Interventions Targeting PICS 229 

There was a wide range of different eHealth interventions and delivery formats. 3 230 

studies investigated telerehabilitation [27,31,33], 2 studies investigated telemedicine [26,35], 2 231 

studies investigated patient monitoring [29,30], 3 studies investigated virtual reality [36-38], and 1 232 

study investigated a self-directed eHealth intervention [28].  233 

Out of the three domains, eHealth interventions targeted the psychological domain 234 

most frequently [26,28,33,35,36,37], followed by the physical domain [26,27,29-31] and the cognitive 235 

domain being the least targeted [27,31,38]. Only three study teams designed interventions that 236 

covered two PICS domains [26,27,31]. There were no eHealth interventions that targeted all 237 

three PICS domains in tandem. Table 2 summarises the relationship between the intervention 238 

delivery format and the domains targeted. 239 

 240 

 241 

 242 
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Table 2. Summary of targeted PICS domains of each eHealth intervention   243 

Author/Year  Intervention Delivery 

format  

Physical  Psychological  Cognitive  

Denehy et al., 2012 [29]  Wearable sensor  x      

Estrup et al.,2019 [30]  Wearable sensor  x      

Jackson et al., 2012 [31]  Video conference  x    x  

Capin et al., 2022 [27]  Video conference  x    x  

Balakrishnan et al., 2023 [26]  Video conference  x  x    

Park et al., 2023 [33]  Video conference    x    

Cox et al., 2019 [28]  Application    x    

Rose et al., 2021[35]  Web/Application    x    

Vlake et al., 2021[36]  Virtual Reality    x    

Vlake et al., 2022 [37]  Virtual Reality    x    

Wood et al., 2018 [38]  Virtual Reality      x  

  

   244 

Timing of Interventions 245 

Most of the included studies (5/11 studies) chose the early post discharge phase [26-246 

28,31,35].   Three studies [29,30,36] were conducted in-hospital and 3 studies during the late post-247 

discharge [33,37,38]. 248 

 249 

 250 
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eHealth Intervention Effects on PICS Outcomes 251 

Outcome Measures 252 

There were a variety of outcome measures for each PICS domain. Physical measures 253 

include 6MWT [26,29], TUG [27,29,31], CPAx[30], actigraphy step count [29,30], and 30-second 254 

chair stand [27].  Psychological outcome measures included the HADS [37], PHQ [28,33], GAD-7 255 

[28,33], BDI-II [36], SF-36 [29], MCS-12 [36], PTSS [28] and IES-R [36,37]. Cognitive measures 256 

included MoCA [27], MMSE [31], RBANS[38]. Studies measuring Health-Related Quality of 257 

Life all used the EQ-5D-5L [28,36,37].  258 

Physical Outcomes 259 

The impact of eHealth interventions on physical function was mixed. Whilst Jackson et al. [31] 260 

found a significant effect on physical function with a multi-component telerehabilitation, 261 

Capin et al. [27] did not find any significant effects on physical function with a tele-physical 262 

therapy intervention. A significant improvement in physical function at 3 months post-263 

discharge was significantly correlated with mean daily activity [30]. An absence of chronic 264 

disease is a majorly significant (p <.000) predictor of increased distance walked post-hospital 265 

discharge explaining 33.5% of the variance in mean distance walked [29].  266 

Psychological and Cognitive Outcomes 267 

Of the 6 studies that targeted psychological outcomes, 4 studies showed significant 268 

reductions in anxiety [33], depression [28,33,36], and Post Traumatic Stress Disorder [28,36]. Only 2 269 

studies showed no effects [26,37].  270 

 Two studies that targeted cognitive outcomes used the same telerehabilitation 271 

programmes used in the physical outcomes section [27, 31]. Capin et al. [27] did not find any 272 

improvement in cognitive outcomes while Jackson et al. [31] found significant improvement in 273 
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executive functioning. Wood et al [38] tested a cognitive screening tool and found less 274 

pronounced cognitive impairment 12 months after hospital discharge. 275 

Secondary Outcomes 276 

Feasibility 277 

All the included studies which explored feasibility (9 out of 13 studies) demonstrated 278 

the feasibility of the various eHealth interventions. Outcome measures used to evaluate 279 

feasibility varied. All studies used adherence as an outcome of feasibility. Other outcomes 280 

include Attrition [28], safety through reported adverse events [27], VR immersion, and motion 281 

sickness [36]. All studies had an adherence rate of more than 70%. One study had 71% 282 

adherence [28], 4 studies had >75% adherence [29-31,33], 1 study had 83% adherence [27], 1 study 283 

had 90% adherence [26], and 2 studies had 100% adherence [36,37]. A summary of the defined 284 

feasibility outcomes and findings is summarised in supplementary Table S3. 285 

Acceptability of eHealth Interventions 286 

Studies which reported acceptability (5 out of 13) included two qualitative studies 287 

[32,34] and 3 RCTs [26,27,37]. Acceptability measures mainly evaluated participant satisfaction 288 

and perceptions of the intervention. All studies concluded the intervention to be acceptable. 289 

The 3 RCT studies evaluated acceptability using a questionnaire and reported high participant 290 

satisfaction.  291 

The two qualitative studies focused on the experiences of a telemedicine intervention 292 

and an app-based mood monitoring prototype system [32,34]. Both studies assessed 293 

acceptability through semi-structured interviews and reported barriers and facilitators in 294 

intervention uptake. 295 
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 Most themes considered the sensitivity of mental health and cognitive issues as 296 

barriers.  Participants from Kovaleva et al. [32] study mentioned that neuropsychological 297 

assessments felt ‘embarrassing’ when other clinicians were present in the video call while 298 

participants in Parker et al. [34] study thought ‘depression’ was too stigmatising and suggested 299 

the term emotions/states as an option.   300 

Usability and perceived usefulness were identified as the main facilitators of the use 301 

of eHealth interventions. Facilitators in the acceptability of eHealth interventions included the 302 

ease of using the intervention platforms, the convenience, and viewing the platform as a 303 

motivator of recovery. A summary of all the acceptability findings can be found in 304 

supplementary Table S4. 305 

Quality Assessment and Risk of Bias of Included Studies 306 

Quality assessments used the MMAT tool[24] with most studies running quantitative 307 

randomised controlled trials. Though included RCTs varied in quality, most of the RCT 308 

studies were of high quality with 4 of 6 studies scoring 80% [27,28,31,37] and 2 studies were of 309 

moderate quality scoring 60% [26,36].  The main limitations impacting study quality were due 310 

to incomplete outcome data and the inability to ‘blind’ participants. There was a greater 311 

variance in study quality for non-randomised quantitative studies with 2 high-quality studies 312 

scoring 80% [29,30], 2 studies moderate quality studies scoring 60% [33,38] and 1 low quality 313 

study scoring 20% [35]. The main limitations that impacted the low-quality study were the 314 

representativeness of the sample, selection of measures, and incomplete description of 315 

intervention as intended. The two qualitative studies were high-quality at 80% [32] and 100% 316 

[34]. The detailed rating and scoring of the MMAT tool can be found in Table 3 317 

 318 

 319 
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Table 3. Mixed Method Appraisal Tool Risk or Bias Rating Scores 320 

 321 
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.,2023 [37] Y

  
N
  

Y
  

Y
  

Y
  

                    80%  
  

Parker et al., 2020 [39] Y
  

Y
  

Y
  

Y
  

Y
  

                    100%  
  

Quantitative 
Randomised  

                                

Balakrishnan et al., 
2023 [31] 
  

          Y
  

Y
  

N
  

N
  

Y
  

          60%  

Capin et al., 2022 [32] 
  

          Y
  

Y
  

Y
  

N
  

Y
  

          80%  

Cox et al., 2017 [33] 
  

          Y
  

Y
  

Y
  

Y
  

N
  

          80%  

Jackson et al., 2012 [36] 
  

          Y
  

Y
  

Y
  

Y
  

N
  

          80%  

Vlake et al., 2021 [41] 
  

          Y
  

Y
  

Y
  

N
  

N
  

          60%  

Vlake et al., 2022[42] 
  

          Y
  

Y
  

Y
  

N
  

Y
  

          80%  

Quantitative  
Non-randomised  

                                

Denehy et al., 2012 [34] 
  

                    Y
  

Y
  

Y
  

N
  

Y
  

80%  

Estrup et al., 2019  [35] 
  
  

                    Y
  

Y
  

Y
  

N
  

Y
  

80%  

Park et al., 2023 [38]                     Y
  

N
  

Y
  

N
  

Y
  

60%  

Rose et al., 2021 [40] 
  

                    N
  

Y
  

N
  

U
  

U
  

20%  

Wood et al., 2018 [43] 
  

                    Y
  

Y
  

N
  

N
  

Y
  

60%  

Note. Y Yes, N No, U Unknown/Can’t Tell 322 

Discussion 323 

 The main objectives of the study were to systematically assess and explore eHealth’s 324 

effectiveness in alleviating PICS impairments, when in the recovery path these are 325 

implemented, and the domains being targeted by each intervention. There was a great variety 326 

of eHealth interventions with most studies focussing on the physical and psychological 327 
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domains. Most studies were conducted in the early post-discharge phase and had feasibility as 328 

a primary outcome. There is great heterogeneity in the outcome measures used to assess PICS 329 

domains, feasibility and acceptability. Nevertheless, findings from the review suggest that 330 

eHealth interventions are feasible in a post-critical care setting with further research required 331 

in measuring effectiveness.  332 

Though there is variation in the outcome measures used to assess PICS outcomes, the 333 

majority of the studies used measures recommended by published core outcome sets (COS). 334 

The lack of consistency is due to the different COS available. Remote physiotherapy 335 

interventions used a COS focussing on critical care physical rehabilitation [39], while other 336 

interventions used a mixture of clinically based COS [40] and COS for clinical research [41]. 337 

COS is produced to reduce outcome measure heterogeneity and enable better data synthesis 338 

[42]. However, none of the studies reported which outcome sets the measures were selected 339 

from. To meet the aims of producing a COS, future studies should report how measures were 340 

chosen and identify if a specific COS was used. This will provide consistency in reporting 341 

and ease for researchers to compare results across eHealth interventions.  342 

The effects of the eHealth interventions on PICS outcomes were mixed. This is the 343 

case for physical and psychological outcomes. The majority of studies targeting 344 

psychological outcomes had more interventions reporting positive effects. Vlake et al. [37] did 345 

not find significant improvements in psychological outcomes in a late post-discharge sample. 346 

However, a prior study conducted by the same authors found an improvement in 347 

psychological outcomes in an in-hospital sample that persisted across other follow-up time 348 

points [36]. Prior systematic reviews on post-critical care rehabilitation have highlighted the 349 

importance of intervention timing [43,44]. Just as early mobilisation in the critical care ward 350 

can alleviate the risk of PICS development [45], there may be an optimal window across the 351 

post-critical care recovery path for certain interventions to be effective.  352 
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Cognitive outcomes were the least targeted out of the three PICS domains. Studies 353 

investigating this outcome observed improvement with multi-component rehabilitation, 354 

Jackson et al. [31] attributed significant effects in physical and cognitive outcomes when 355 

combining rehabilitation of the two domains together, a result that contrasts with Capin et al. 356 

[27] programme which focussed on physical function only. The potential benefits and 357 

synergistic effects of performing physical exercise and cognitive training have been 358 

documented in other populations [46]. Interrelationships among the three domains are 359 

presented through the prevalence of PICS symptom comorbidities. Heesaker et al. [47] 360 

observed that mental health and cognitive impairment always occur simultaneously with the 361 

other two domains. Marra et al. [48] reported a combination of mental health and cognitive 362 

impairment occurring more frequently than other combinations. Kang et al. [49] built on those 363 

studies and found that 41.1% of critical care survivors with PICS had symptoms in two or 364 

more domains with Physical-Mental symptoms being the most prevalent. With these potential 365 

effects, the review found that there has yet to be an intervention that targets these three 366 

domains. The incorporation of the cognitive domain is still incipient, and more evidence is 367 

required to determine the impact of multi-component interventions.  368 

None of the included studies reported on a theory of behaviour change and only one 369 

study [35] reported evidence of co-producing the intervention. Recent guidelines from the 370 

Medical Research Council recommend complex health interventions to be co-produced and 371 

underpinned by the behavioural theory of change as it increases the effectiveness of 372 

behaviour change [50-52]. There is a possibility that behavioural theories have been implied and 373 

not discussed explicitly. Goal setting was used in the digital pathway intervention by Rose et 374 

al., [35] , app-based Mindfulness [28] and tele-psychotherapy [33] rely on the mechanisms of 375 

change brought by the therapeutic approaches. Nevertheless, explicit reporting of theories 376 
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used as well as evidence of co-production is integral in evaluating complex health 377 

interventions.  378 

Most studies point to the feasibility of implementing eHealth interventions. With 379 

regards to acceptability, studies that assessed it deemed the eHealth interventions feasible. 380 

The implementation of eHealth interventions into day-to-day clinical practice has been 381 

challenging [53]. The decision to adopt an eHealth intervention requires careful management 382 

of both patient and staff expectations [54]. Clinicians and hospital staff need to believe that the 383 

intervention can improve care and efficiency. They need to be on board, involved, and receive 384 

consistent support during the adoption [55]. The success of eHealth implementation is also 385 

determined by patient engagement and uptake. This is especially challenging in older patient 386 

populations like critical care survivors. The themes of usability and perceived usefulness 387 

highlighted in this review were in line with older patients with chronic conditions [56], older 388 

patients with cancer [57], and the general older population [57,58]. Critical care survivors were 389 

more likely to adhere to eHealth interventions when they are easy to use, convenient and 390 

perceived as a motivator towards recovery. The continuous contact between patients and the 391 

clinical team through telemedicine visits supported the perceptions of care continuance, thus 392 

increasing the perceived usefulness and adherence to eHealth interventions. Despite the 393 

alignment with research on senior populations, acceptability was only assessed by 5 out of 13 394 

studies which limits the generalisability of findings in a post-critical care population. Further 395 

research is needed to address the specific barriers and facilitators for eHealth uptake and 396 

engagement in this population. 397 

Study Limitations 398 

One limitation of this review is the infancy of the current research area. The primary 399 

objective of studies included in the review was to assess the feasibility of the intervention 400 
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resulting in underpowered studies with small samples. The effects of eHealth on each PICS 401 

domain are preliminary in nature. Nevertheless, the summarised evidence paints a promising 402 

picture of the development of eHealth interventions in this population. Future studies need to 403 

focus on larger-scale RCTs which will provide more insight into intervention effectiveness. 404 

The authors of the ICU-VR intervention have progressed to a larger RCT trial [60] in hope of 405 

generating more robust effects of the intervention on PICS outcomes. Other eHealth trials are 406 

also underway in this post-critical care phase of recovery [61-63]. Thus, whilst eHealth 407 

interventions can be concluded to be feasible, conclusions on effectiveness are premature at 408 

this point. 409 

Even though no restriction was imposed on the language and country of article 410 

publication, the language used in the search strategy undoubtedly constrained its results. We 411 

acknowledge that if the search terms included other languages, other articles could be deemed 412 

eligible. This review adhered closely to the PICO framework [22] and search strings were 413 

systematically piloted in preliminary searches. The review attempted to be as broad as 414 

possible regarding the search strategy and the databases selected. Future research may also 415 

benefit from the inclusion of Medical Subject Headings (MeSH) terms to further expand the 416 

search.  417 

Conclusions 418 

  eHealth research and development in post-critical care rehabilitation is still early in 419 

its infancy with most studies focusing on feasibility. Based on the review findings, 420 

preliminary feasibility results are promising with research progressing to larger scale studies 421 

to derive more robust conclusions on effectiveness.  Future research should be prioritised 422 

towards acceptability, targeting the cognitive domain, and exploring the effects of 423 
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interventions targeting all 3 domains. eHealth is one vital solution in providing access, 424 

continuity, and sustainable care in the post-critical care setting. 425 

 426 
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