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Summary
Post-intensive care syndrome describes the physical, cognitive and emotional symptoms which persist
following critical illness. At present there is limited understanding of the pathological mechanisms contributing
to the development of post-intensive care syndrome. The aim of this systematic reviewwas to synthesise current
evidence exploring the association between inflammation and features of post-intensive care syndrome in
survivors of critical illness. Relevant databases were systematically searched for studies of human participants
exposed to critical illness. We sought studies that reported results for biomarkers with an identified role in the
pathophysiology of inflammation obtained at any time-point in the patient journey and an outcomemeasure of
any feature of post-intensive care syndrome at any point following hospital discharge. We included 32 studies,
with 23 in the primary analysis and nine in a brain injury subgroup analysis. In the primary analysis, 47 different
biomarkers were sampled and 44 different outcome measures were employed. Of the biomarkers which were
sampled in five or more studies, interleukin-8, C-reactive protein and interleukin-10 most frequently showed
associations with post-intensive care syndrome outcomes in 71%, 62% and 60% of studies, respectively. There
was variability in terms of which biomarkers were sampled, time-points of sampling and outcome measures
reported. Overall, there was mixed evidence of a potential association between an inflammatory process and
long-term patient outcomes following critical illness. Further high-quality research is required to develop a
longitudinal inflammatory profile of survivors of critical illness over the recovery period and evaluate the
associationwith outcomes.
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Introduction
Survival following critical illness is associated with a

significant burden of morbidity and functional disability,

which persists after patients have been discharged from the

acute care setting [1]. Post-intensive care syndrome (PICS)

describes the long-term consequences of critical illness [2].
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Its symptoms are described in three domains: physical

symptoms, such as fatigue, pain and weakness; cognitive

symptoms, such as difficulty concentrating and memory

impairment; and psychological symptoms, such as anxiety,

depression and post-traumatic stress disorder. Over 60% of

survivors report symptoms in one or more domain three

months following discharge [3].

Post-intensive care syndrome has significant

consequences for families, healthcare systems and society,

in addition to those for the individual. For example, the

reported prevalence of anxiety in family members of

patients with critical illness is up to 80% [4]. In addition, over

50% of survivors are unable to return to employment in the

year following hospital discharge [5], and up to 30% of

survivors will require emergency readmission to hospital

within 90 days of discharge [6]. However, despite the

developing recognition of PICS, an understanding of

the underlyingmechanisms and pathophysiology is limited.

Systemic inflammation is a common feature of critical

illness of various aetiologies and there is evidence to

suggest that survivors continue to exhibit persistent low-

grade inflammation following the resolution of acute illness

[7, 8]. Additionally, inflammation has a well-described role

in the pathophysiology of many other disease processes

with symptoms common to PICS such as fatigue, pain,

depression and cognitive impairment [9–11].

We hypothesised that inflammationmay be what unites

this diverse group of patients, pathologies and symptoms

and may be associated with PICS. The aim of this systematic

review was to synthesise current evidence evaluating the

relationship between inflammation and the features of PICS

in survivors of critical illness.

Methods
A systematic search was undertaken on Embase; Medline;

Web of Science: Core Collection; CENTRAL; and PsychInfo

(online Supporting Information Appendix S1). The original

searches were performed on 26October 2021 and updated

on 22 January 2023. Results were not limited by date, but

only English language results were included.

Inclusion criteria were all studies in human patients with

critical illness. Studies were included if a biomarker which

has an identified role in thepathophysiology of inflammation

was obtained at any time-point in the patient journey, along

with an outcomemeasure of any feature of PICS at any point

following hospital discharge. Biomarkers could be sampled

fromanybodily fluid such as blood, sputumor cerebrospinal

fluid (CSF). Studies were included if there was analysis

exploring the association or relationship between the

biomarker and outcome measure. Studies examining

patients with COVID-19 infection patients were also eligible

for inclusion. Exclusion criteria were studies with neonatal or

paediatric populations (age < 16 y), and studies with

non-critical care populations. If articles had mixed adult and

paediatric, or mixed critical care and non-critical care

populations, they were eligible for inclusion if > 50% of

patients were adults admitted to critical care. We excluded

reviews; meta-analyses; case reports; case series; study

protocols; conference abstracts; posters; and supplements.

Title and abstract screening were performed for all

articles by two independent authors through Covidence

(Melbourne, VIC, Australia) datamanagement software. Any

conflicts were resolved by consensus. Full-text review was

performed for each article by two independent authors. If

there was uncertainty regarding inclusion, attempts were

made to contact the corresponding author for clarification.

An independent reviewer resolved remaining conflicts.

Data extraction were carried out by one author and

independently checked by a second. A data extraction

template was created, collecting study design and

demographics; participant characteristics; biomarker

information; outcome measures; and association between

biomarker and outcomes. If the relationship between the

biomarker and outcomemeasure was unclear, then a single

attempt was made to contact the corresponding author by

email for clarification.

After discussion within the research team,

meta-analysis was not deemed to be possible due to the

heterogeneous nature of the inflammatory biomarkers

sampled, study populations and outcome measures. At this

stage, it also became clear that several studies focused on a

sub-population of ICU patients with brain injuries (traumatic

and atraumatic). As such it was deemed, from a clinical

perspective, that the functional outcomes of this group of

patients following hospital discharge were likely a reflection

of the initial brain injury. As such, this cohort of patients

formed a sub-group analysis.

Risk of bias assessment was performed by one author

and independently checked by a second author. The

Newcastle-Ottawa Scale for cohort studies was used for risk

of bias assessment, which assesses studies in three

domains: selection; comparability; and outcome [12]. The

maximum possible score is nine, indicating a high-quality

study. This was then converted to Agency for Healthcare

Research and Quality (AHRQ) standards according to

accepted thresholds [13].

Results
The initial database search retrieved 13,097 studies, of

which 88 underwent full-text review. The updated search

2 © 2024 TheAuthors.Anaesthesiapublished by JohnWiley & Sons Ltd on behalf of Association of Anaesthetists.
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retrieved 1833 additional studies, of which 14 underwent

full-text review. In total, 32 studies were included: 23 of

these were included in the primary analysis and the

remaining nine in a subgroup analysis of the population of

patients with a brain injury (Fig. 1). Details of study design

for included studies are in Table 1 and online Supporting

Information Table S1 and a summary of the included studies

can be found in Table 2. Median (IQR [range]) Newcastle-

Ottawa Scale score was 6.5 (5–7 [2–8]). Fifteen (47%) studies

were rated as good, six (19%) were rated as fair and 11

(34%) studies were classified as poor according to AHRQ

standards (online Supporting Information Table S2).

Two hundred different biomarkers of inflammation (or

proteins associated with inflammatory pathways) were

sampled across the 32 studies. Thirty-one studies evaluated

biomarkers in blood or serum [14–44]; one study

evaluated biomarkers in broncho-alveolar lavage samples

[31]; and two studies evaluated biomarkers in CSF [25, 45].

In the primary analysis, 47 biomarkers were sampled in

the 23 included studies. The most commonly sampled

biomarkers were interleukin (IL)-6 (13 studies) [16, 19, 21,

25, 27, 28, 31, 32, 34, 35, 37, 38, 41]; C-reactive protein

(CRP; 13 studies) [14, 15, 19–21, 25, 27, 30, 34, 40, 41, 43,

44]; IL-8 (seven studies) [19, 21, 27, 28, 31, 35, 41]; IL-1b (five

studies) [19, 27, 34, 35, 41]; IL-10 (five studies) [19, 21, 32,

35, 41]; and procalcitonin (six studies) [23, 25, 30, 31, 38,

41]. A complete list of the biomarkers sampled is available

in online Supporting Information Appendix S2. Of the 23

studies included in the primary analysis, 16 sampled

biomarkers during hospital admission only (i.e. before

outcomes of interest weremeasured) [14–16, 19–21, 23, 25,

28, 30, 31, 37, 38, 40, 41, 43]; two sampled biomarkers at

post-discharge follow-up only (i.e. at the same time as

outcomes of interest were measured) [17, 18]; and five

sampled biomarkers both during hospital admission and at

follow-up [27, 32, 34, 35, 44].

Of the biomarkers which were sampled in five or more

studies, IL-8, CRP and IL-10 most frequently showed

significant associations with PICS outcomes. Significant

associations were seen in 5/7 [19, 21, 27, 28, 31], 8/13 [14,

15, 19, 20, 25, 27, 40, 44] and 3/5 [19, 21, 32] studies,

respectively. Interleukin-6, procalcitonin and IL-1b each

Figure 1 Study flowdiagram.
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showed significant associations in less than half of the

studies in which they were sampled: 5/13 [19, 21, 25, 28,

32]; 2/6 [31, 38]; and 1/5 [19], respectively. Results for

the most commonly sampled biomarkers in the primary

analysis, stratified by subdomain are shown in Fig. 2 and

online Supporting Information Table S3.

Eight studies in the primary analysis evaluated physical

outcomes in survivors using 14 different outcome measures

of physical health [14, 15, 18, 27, 28, 34, 40, 44]. Hand-grip

strength and the 6-min walk test were the most commonly

used outcome measures for this domain (each evaluated in

three studies). A complete list of the outcome measures

used for each domain is available in online Supporting

Information Appendix S3.

Eight studies in the primary analysis evaluated

cognitive symptoms in survivors of critical illness using 15

different cognitive outcome measures [17, 19, 20, 28, 32,

35, 41, 43]. The mini-mental state exam, cognitive failure

questionnaire and trail-making test were the most

commonly used outcome measures for this domain (each

evaluated in two studies).

Three studies in the primary analysis evaluated

emotional outcomes in survivors of critical illness using four

different emotional outcome measures [28, 35, 37]. The

impact of events scale-revised was the most commonly used

outcomemeasure for this domain (evaluated in two studies).

Finally, 13 studies in the primary analysis evaluated

global outcomes in survivors of critical illness with 11

different measures [16, 19, 21, 23, 25, 28, 30–32, 35, 37, 38,

40]. Global outcomes included quality of life and functional

outcomes. The Barthel index was the most commonly used

outcome measure for this domain (evaluated in three

studies).

Relationship between inflammation andPICS

Of the eight studies which evaluated physical outcomes in

the primary analysis, four measured inflammatory biomarkers

during inpatient stay only [14, 15, 28, 40]; one at follow-up

only [18]; and three both during inpatient stay and at

follow-up [27, 34, 44]. Three studies did not find any

association between the sampled biomarkers and outcomes

[18, 28, 34], while five did [14, 15, 27, 40, 44]. Higher levels of

the following were found to be associated with poorer

physical health outcomes: CRP [14, 15, 27, 40, 44]; human

neutrophil elastase [27]; IL-8 [27]; synaptotagmin-like protein-

1 [27]; and soluble programmed death ligand-1 [44].

Of the eight studies that evaluated cognitive outcomes,

five measured inflammatory biomarkers during inpatient

stay only [19, 20, 28, 41, 43]; one at follow-up only [17]; and

both during inpatient stay and at follow-up [32, 35]. Five

studies did not find associations between the biomarkers

sampled and cognitive outcomes [19, 28, 35, 41, 43]. The

remaining three studies did, however, show significant

associations between markers of inflammation and

Table 1 Characteristics of included studies.

Studies
n = 32

Geographical region

USA 5

Germany 5

Sweden 3

Austria 2

Italy 2

Netherlands 2

UK 2

Turkey 2

India 1

Finland 1

Brazil 1

Switzerland 1

France 1

Belgium 1

China 1

Spain 1

Multiple 1

Prospective or retrospective

Prospective 29

Retrospective 3

Studydesign

Cohort study 28

Secondary analysis of a randomised controlled trial 4

Study scope

Single-centre 23

Multicentre 9

Studypopulation

Mixed ICU 10

Brain injury 9

Sepsis 6

SARS-CoV-2 4

Trauma 1

Post-cardiac arrest 1

Peri-operative 1

Timingof outcomeassessment

1 month 1

3 months 8

6 months 12

12 months 9

> 12 months 2

4 © 2024 TheAuthors.Anaesthesiapublished by JohnWiley & Sons Ltd on behalf of Association of Anaesthetists.
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Table 2 Summary of included studies.

Study Population No. of patients PICSdomain Summaryof results Study
quality‡

Baumbach
et al. [14]

Mixed ICU 257 Physical Association betweenCRP andpain severity and
interference

Good

Baumbach
et al. [15]

Mixed ICU 204 Physical Association betweenCRP and incidence of
chronic pain

Good

Brakenridge
et al. [16]

Surgical sepsis 157 Global Association betweenGLP-1 and functional
outcomes

Good

Br€uck et al. [17] Mixed ICU 100 Cognitive Association betweenHMGB-1 levels and rapid
visual information processing scores

Good

Br€uck et al. [18] Mixed ICU 100 Physical No significant associations Good

Brummel et al.
[19]

Mixed ICU 548 Cognitive and
global

No associationwith long-term cognitive
function. Consistent associations between
CRP andMMP-9 and functional outcomes.
Inconsistent associations between IL-1b; IL-6
IL-8; IL-10; TNF-a; and interferon-c and
functional outcomes

Good

Costas-Carrera
et al. [20]

SARS-CoV-2 58 Cognitive Association between highCRPdays and Stroop
interference score

Good

Darden et al.
[21]

Surgical sepsis 349 Global Consistent associationbetweenMCP-1;GLP-1;
IL-8; IP-10 and sPDL-1 and functional
outcomes. Inconsistent associationswith IL-6;
IL-10; GM-CSF; IGFBP3; angiopoeitin-2; SDF-
1; sFLT-1 andVEGF

Fair

Deepika et al.
[22]

Severe
traumatic
brain injury

89 Global Association between IL-1b and IL-10 and
functional outcomes

Good

Didriksson
et al. [23]

SARS-CoV-2 498 Global Association between lymphocytes and
Glasgowoutcome scale extended

Fair

DiNapoli et al.
[24]

Spontaneous
intracranial
haemorrhage

210 Global No significant associations Fair

Ehler et al. [25] Sepsis 21 (12 sepsis
and 9
neurologic
controls)

Global Consistent associationbetween serum IL-6 and
functional outcomes. Inconsistent association
between serumCRP and functional
outcomes*

Poor

Gradisek et al.
[26]

Traumatic
brain injury

80 Global Association between a cluster definedby
elevated levels of thesebiomarkers and
functional outcomes

Poor

Griffith et al.
[27]

Mixed ICU 193 Physical Humanneutrophil elastase andCRP associated
withmobility CRP, IL-8 and SLP-1 associated
with lower hand-grip strength

Good

Hashemet al.
[28]

Sepsis-
associated
ARDS

568 Physical;
cognitive;
emotional; and
global

Association between the hyperinflammatory
phenotype andmental health component
summary of SF-36 anddepression

Poor

Kiiski et al. [29] Aneurysmal
subarachnoid
haemorrhage

47 Global No significant associations Poor

Krychtiuk et al.
[30]

Cardiac arrest 53 Global Association between the percentage of
monocyte subsets and cerebral performance
category outcomes

Fair

(continued)
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cognitive outcomes [17, 20, 32]. Higher levels of IL-6 [32], IL-

10 [32] and high mobility group box protein 1 [17] were

found to be associated with poorer scores in certain

cognitive health outcomes. Moreover, increased number of

days with high CRP was associated with worse scores in

certain cognitive outcomes [20].

Table 2 (continued)

Study Population No. of patients PICSdomain Summaryof results Study
quality‡

Lieberumet al.
[31]

COVID-19 47 Global Association betweenbloodprocalcitonin, TLR-
3 and IL-8 and quality-of-life. Association
betweenblood TLR-3 and functional
outcomes

Good

Maciel et al.
[32]

ICU 60 Cognitive and
global

Association between IL-6 and IL-10 and long-
term cognitive dysfunction

Good

Mazzeo et al.
[33]

Traumatic
brain injury

29 Global Association between IL-2; IL-6; IL-8; IL-9; IL-10;
IL-12; IL-13; IL-15;G-CSF; IP-10;MCP-1;MIP-
1b; TNF-R2; VEGF and functional outcomes

Fair

Merriweather
et al. [34]

ICU 193 Physical No significant associations Poor

Orhun et al.
[35]

Sepsis 86 Cognitive;
emotional; and
global

No significant associations Poor

Osthoff et al.
[36]

Traumatic
brain injury

44 Global Association between ficolin-2, ficolin-3 and
MASP-2 and functional outcomes

Good

Pastene et al.
[37]

Trauma 157 Emotional and
global

Association between sST-2 and health-related
quality-of-life

Poor

Patejdl et al.
[38]

Surgical ICU 15 Global Association betweenprocalcitonin and
functional outcomes

Poor

Rass et al. [39] Non-traumatic
subarachnoid
haemorrhage

297 Global Association between SIRS† and functional
outcomes

Fair

Santacruz et al.
[45]

Brain injury 62 (acute brain
injury n = 50;
control n = 12)

Global No significant associations Poor

Sirayder et al.
[40]

SARS-CoV-2 52 (26 SARS-
CoV-2 patients
and 26 healthy
controls)

Physical and
global

Association betweenCRP and forced vital
capacity, dyspnoea, 6-minwalk test and St
George respiratory questionnaire

Poor

vanden
Boogaard
et al. [41]

Mixed ICU 100 Cognition No significant associations Poor

Wanget al. [42] Traumatic
brain injury

106 Global Association betweenHMGB-1, fibrinogen and
CRP and functional outcomes

Good

Wolters et al.
[43]

Mixed ICU 363 Cognitive No significant associations Good

Yendeet al.
[44]

Sepsis 483 Physical Association betweenCRP and sPDL-1 and risk
ofmortality or readmission

Good

PICS, post-intensive care syndrome; CRP, C-reactive protein; GLP, glucagon-like peptide; HMGB, high mobility group box protein;
MMP,matrix metallopeptidase; IL, interleukin; TNF, tumour necrosis factor; INF, interferon; MCP, monocyte chemoattractant protein; IP,
interferon-c-induced protein; sPDL, soluble programmed death ligand; GM-CSF, granulocyte-macrophage colony-stimulating factor;
IGFBP, insulin-like growth factor binding protein; SDF, stromal cell-derived factor; sFLT, soluble vascular endothelial growth factor
receptor; VEGF, vascular endothelial growth factor; SLP, synaptotagmin-like protein; SF, short form; TLR, toll-like receptor; MIP,
macrophage inflammatory protein; MASP, mannan-binding lectin serine protease; sST, soluble suppression of tumorigenicity; SIRS,
systemic inflammatory response syndrome.
*Data fromadditional analysis suppliedby the authors on request. The authors note that this is underpowered.
†SIRSdiagnosis basedonwhite cell count.
‡Study quality determinedbyAgency for Healthcare Research andQuality standards.
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Of the three studies which evaluated emotional

outcomes, all measured inflammatory biomarkers

during hospital stay [28, 35, 37], and one study

additionally measured biomarkers at follow-up [35].

Two studies did not find an association between

inflammatory markers and outcomes [35, 37], but one

showed an association between better emotional

outcome scores and the hyperinflammatory phenotype

at 12 months [28]. The defining characteristics of the

hyperinflammatory phenotype include higher levels of

IL-6; IL-8; soluble tumour necrosis factor receptor-1;

and intercellular adhesion molecule-1; as well as lower

levels of protein C [28, 46].

Thirteen studies evaluated the association between

inflammation and global outcome measures. All measured

inflammatory biomarkers during inpatient stay [16, 19, 21,

23, 25, 28, 30–32, 35, 37, 38, 40], and two studies

additionally measured inflammatory biomarkers at

follow-up [32, 35]. Three studies did not find any association

[28, 32, 35] and the remaining 10 studies did. The global

outcomemeasures used in these studies could be generally

subdivided into measures of disability or function, and

measures of quality of life. Eight studies showed association

between inflammation and measures of disability or

function [16, 19, 21, 23, 25, 30, 31, 38]. Three studies found

associations between inflammation and quality of life

outcomes [31, 37, 40].

Higher levels of the following were associated with

worse scores in certain global outcome measures: matrix

metallopeptidase-9 [19]; IL-1b [19]; procalcitonin [31, 38];

glucagon-like peptide-1 [16, 21]; interferon-c-induced

protein-10 (IP-10) [21]; soluble programmed death ligand-1

[21]; soluble suppression of tumorigenicity-2 [37];

monocyte chemoattractant protein-1 [21]; angiopoietin-2

[21]; stromal-cell derived factor-1 [21]; and soluble vascular

endothelial growth factor receptor-1 [21]. Moreover, one

study showed worse outcomes in patients with higher levels

of intermediate monocytes, which are defined as being

positive for cluster of differentiation (CD)-14+; CD-16+; and

C-chemokine receptor type 2markers [30].

Figure 2 Summary of associations found between the top six biomarkers and outcomes in each domain. Numbers in circles are
references to studies, and the colours of the circles indicate whether an associationwas reported. Green circles, association
reported; green and amber circles, inconsistent association reported; red circles, no association reported.
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Higher levels of the following were associated with

better scores in certain global outcome measures:

lymphocyte count [23]; tumour necrosis factor-a [19];

interferon-c [19]; granulocyte-macrophage colony-

stimulating factor [21]; vascular endothelial growth factor

[21]; toll-like receptor-3 [31]; and insulin-like growth

factor binding protein-3 [21].

Additionally, four biomarkers showed positive

associations with global outcomes in certain studies but

negative associations in others. In two studies higher

levels of CRP were associated with poorer outcomes [19,

40]; however, higher CRP levels were associated with

better outcomes in a third study [25]. Higher levels of IL-6

were also associated with worse outcomes in two studies

[19, 21] and better outcomes in another study [25].

Likewise, higher levels of IL-8 were associated with poorer

outcomes in two studies [21, 31] and better outcomes in

one study [19]. Finally, one study reported an association

between IL-10 and worse outcomes [21], but a further

study reported an association between IL-10 and better

outcomes [19].

Patientswith brain injury

Nine prospective cohort studies were included in the brain

injury subgroup, all reporting global outcome measures

[22, 24, 26, 29, 33, 36, 39, 42, 45]. A total of 172 biochemical

markers of inflammation were sampled. The most

commonly cited biomarkers were C-reactive protein and IL-

6, each sampled in three studies. All studies sampled

biomarkers during inpatient stay only.

All studies evaluated functional outcomes in the global

domain. Three different outcome measures were used:

modified Rankin Scale; Glasgow Outcome Scale; and the

Extended Glasgow Outcome Scale. The latter was the most

frequently used outcomemeasure (four studies).

Three studies did not find any association between

biomarkers sampled and symptoms of PICS [24, 29, 45] but

the remaining six did [22, 26, 33, 36, 39, 42]. Higher levels of

the following were found to be associated with poorer

scores in certain global outcome measures: IL-1b [22]; IL-10

[22, 33]; CRP [42]; high mobility group box protein-1 [42];

fibrinogen [42]; mannan-binding lectin serine protease-2

[36]; ficolin-2 [36]; ficolin-3 [36]; IL-2 [33]; IL-6 [33]; IL-8 [33];

IL-9 [33]; IL-12 [33]; IL-13 [33]; IL-15 [33]; granulocyte

colony-stimulating factors [33]; interferon-c-induced

protein-10 [33]; monocyte chemoattractant protein-1 [33];

macrophage inflammatory protein-1b [33]; tumour necrosis

factor-receptor-2 [33]; and vascular endothelial growth

factor [33]. One study identified worse global outcomes in a

cluster of patients defined by elevated levels of the

following biomarkers: stem cell factor; fibroblast growth

factor-19; fibroblast growth factor-23; glial cell line-derived

neurotrophic factor; glial fibrillary acidic protein; and S100

calcium-binding protein B [26]. Moreover, another study

found that global outcomes were poorer in the cohort of

patients who exhibited systemic inflammatory response

syndrome [39].

Discussion
This review highlights that there is mixed evidence of a

potential association between an inflammatory process and

long-term patient outcomes following critical illness. As a

result, no definitive conclusions can be drawn.While various

studies have shown a link between certain biomarkers of

inflammation and outcomes in all domains of PICS, these

results are generally inconsistent and several other studies

reported that no association was seen. Of note, no single

biomarker was able to be consistently and reproducibly

shown to be associated with outcomes. In general, the

literature was heterogeneous in terms of which biomarkers

were sampled, time-points of sampling and outcome

measures reported, impacting our ability to draw definitive

conclusions. This suggests that further research is required

to clarify the pathophysiological mechanisms underlying

the development of PICS in order to establish potential

therapeutic targets.

While many of the studies included in this review

showed associations between certain biomarkers and

outcome measures, these relationships were often

inconsistent, both between and within studies. In certain

studies, biomarkers were sampled at multiple time-points

and showed associations with outcomes at one but not all

points sampled.Moreover, therewas a lack of consistency in

associations shown when studies used multiple tests in the

same domain. Several studies sampled the same

biomarkers, and while some studies showed associations,

others did not. For example, of the eight studies that

evaluated the association between IL-6 and functional

outcomes, only three found one [19, 21, 25]. Finally,

inconsistencies were also seen in the directionality of the

relationships, with certain studies reporting poorer

outcomes associated with higher levels of certain

biomarkers and other studies reporting improved

outcomes associated with higher levels of the same

biomarker. These inconsistencies could partly be explained

by the heterogeneity seen in the populations studied and

timings of biomarker sampling and outcomemeasurement.

Of note, several of the cytokines evaluated in these studies,

such as IL-1b, tumour necrosis factor-a and IL-6, are known

to peak and decline within hours of the inflammatory

8 © 2024 TheAuthors.Anaesthesiapublished by JohnWiley & Sons Ltd on behalf of Association of Anaesthetists.
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stimulus [47]. Timing of biomarker sampling therefore has

significant potential to impact results.

While many studies in the primary analysis and the

brain injury subgroup appeared to show an association

between certain markers of inflammation and functional

outcomes, the evaluation of this association is complex as

many of the studies dichotomised their analysis of functional

outcomes into `good´ or `poor´, where a poor outcome was

considered as a hybrid outcome of death and severe

disability. The scope of our review did not include mortality

in the outcomes. It is, therefore, more complicated to

establish whether inflammation is truly associated with PICS

outcomes or whether this positive signal was attributable to

excessmortality.

The studies included were of variable quality when

assessed using the Newcastle-Ottawa Scale. However,

several studies have additional limitations which are not

accounted for in this assessment tool. The Newcastle-

Ottawa Scale does not consider whether studies are

prospective or retrospective or whether they are single-or

multicentre studies. In addition, several of the studies

included had a very small sample size and often the studies

did not perform a power calculation. Moreover, many

performed multiple tests without any statistical correction

for this, leading to an increased risk of spurious results. This

has the potential to contribute to difficulties interpreting

results.

While the concept of inflammation being implicated in

the development of PICS appears to be biologically

plausible, the pathophysiology is likely complex. The

aetiology of PICS is likely multifactorial, involving a complex

interaction of disease, patient and environmental factors.

The spectrum of PICS is vast and the specific symptoms

reported by each patient are highly variable [3]. As such,

there are likely multiple biochemical processes implicated,

and the activation of certain pathways may be specific to

certain populations of patients. Furthermore, while there

has been extensive study of the inflammatory pathways

implicated in the acute phase of critical illness, less is

understood about pathways implicated in the longer-term

recovery phase [7, 48]. Indeed, most of the studies included

in this review explored the relationship between biomarkers

of inflammation during the acute illness and long-term

outcomes, with only a few studies sampling during the

recovery phase. Further research should establish a

detailed longitudinal inflammatory profile over the recovery

trajectory in patients who have survived critical illness.

The societal burden of PICS is growing, given improved

ICU survivorship rates and patients who are older and

comorbid receiving critical care treatment, accelerating the

development of frailty in these patients. Ultimately, it is

hoped that by developing a greater understanding of the

pathophysiological mechanisms contributing to

the development of PICS, we can identify and develop

therapies to help prevent this long-term morbidity. This

review establishes a foundation on which this field can

develop. The current position of this research has been

clarified in this review as we have established which

biomarkers and outcomes are being studied at what time-

points, as well as the results. Future research should

develop a detailed understanding of the longitudinal

course of inflammation following recovery from critical

illness and the pathways involved. High-quality prospective

research can then target specific biomarkers to evaluate

associations with PICS outcomes. However, hopes of

identifying therapeutic targets need to be considered with

caution given that the pathways involved are likely complex.

Previously, several biological responsemodifiers have been

trialled in acute critical illness due to sepsis, and none have

yielded any proven benefit, likely due to failures in

modelling the complexities of the underlying biochemical

response to infection [49].

The limitations of this review are notable. Due to the

inherent heterogeneity of the studies included and

the scope and range of the biomarkers which were

obtained, a meta-analysis was not possible. In addition, it

was often impossible to determine whether the associations

reflected a relationship between inflammation and

functional outcomes in survivors when severe disability was

grouped with mortality. Finally, there were three pairs of

studies in this reviewwhich assessed the samepopulation of

patients ([14, 15], [17, 18] and [27, 34]), but as meta-analysis

was not performed it was felt the impact of this was limited.

The aetiology of PICS is likely multifactorial and

complex. There is mixed evidence to support the possible

role of inflammation in the complex problems seen in

survivors of critical illness. Further high-quality prospective

research is required to develop a longitudinal inflammatory

profile of survivors over the recovery period and evaluate

the association with outcomes. A detailed understanding of

the pathways involved is necessary to establish potential

therapeutic targets.
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