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Abstract

INTRODUCTION: Currently, there is an increase in the num-
ber of patients who are classified as chronically critically ill
patients. OBJECTIVE: The review is aimed at studying the in-
dicators of the immune status of chronically critically ill pa-
tients. MATERIALS AND METHODS: PubMed and Google
Scholar were used to identify relevant articles. The follow-
ing 3 searches were performed: “chronically critically ill pa-
tients AND immune", “chronic critical illness AND immune”,
“persistent inflammation, immunosuppression, and catab-
olism syndrome AND immune". The literature review was
limited from 2012 to August 2022. The inclusion criteria
were as follows: (1) patients with chronic critical illness (CCl)
or persistent inflammation, immunosuppression and catabo-
lism syndrome (PICS); (2) comparison groups are at least one
of the specified — patients undergoing rapid recovery, healthy
volunteers; (3) parameters of the immune status, inflamma-
tion and catabolism are the study endpoints; (4) original ar-
ticles. To assess the validity of the results, a risk of bias as-
sessment was performed for each study included in the anal-
ysis. The risk of bias in non-randomised studies of exposures
(ROBINS-E) tool was used. The Delphi method was executed
in two rounds by three researchers to assess bias. RESULTS:
Chronically critically ill patients with the immunosuppressive
status have reduced levels of HLA-DR and ALC and elevated
sPD-L1 and IL-10 levels. The results of the studies were rated
at ‘high’ and ‘moderate’ risk of reporting bias. Their findings
should be considered as low-quality results. CONCLUSIONS:
Chronic critical illness is a poorly understood condition
that periodically occurs in patients in the ICU. The immune
status of chronically critically ill patients is a debatable issue,
as the current data are insufficient to draw a definitive con-
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Pegpepam

AKTYAJIbHOCTb: B HacToslee BpeMa HabtogaeTcs yBe-
/IMYeHNe KONMYeCTBa NaLMeHTOB, KOTOPble Kaaccuduumpy-
lOTCA KaK MaLMeHTbl C XPOHUYECKUM KPUTUYECKMM COCTOA-
HueM. OCHOBHOM NPUYMHON aHHOrO AB/NeHUA NpeAcTaBAA-
eTcA TO, YTO B pe3y/ibTaTe BHeApeHua 60/1ee COBPeMeHHbIX
MOAXOAOB /leYeHNs MaLMeHTOB CHU3WMAACb rocnuTanbHas
NeTaNbHOCTb, U YacTb BbDKMBLUMX MaLMEHTOB NepexoanT
B KaTeropuio NaLMeHTOB C XPOHUYECKUM KPUTUYECKUM CO-
ctosHueM. LIEJIb UCCNIEAOBAHWUA: Lenbto HacToAwero
ob30pa ABNAETCA U3y4eHMe MoKasaTenel UMMYHHOrO CTa-
Tyca NaLneHTOB C XPOHUYECKNM KPUTUYECKUM COCTOAHUEM.
MATEPUAJIbl U METO/AbI: [ina noucka cTatent Mcnonb-
30BaHbl MexayHapozHble 6a3bl gaHHbIX PubMed n Google
Scholar. Micnonb3osaHsel 3anpocsi: «chronically critically ill pa-
tients AND immune», «chronic critical illness AND immune»,
«persistent inflammation, immunosuppression, and catabo-
lism syndrome AND immune». [Tonck orpaHuyeH cTaTba-
MW, ony61MKoBaHHbIMK B nepuog ¢ 2012 r. no asryct 2022 r.
Kputepumu BratodeHus: (1) naumeHTsl, KOTOPbIM AUArHOCTHPO-
BaHO XPOHUYECKOE KpUTMHecKoe cocTosiHme (XKC) nan cuH-
APOM MEpCUCTUPYIOLLEro BOCMaseHnsa, MMMYHOCYNpeccum
v kata6oausma (MUKC); (2) rpynnamm cpaBHeHUs ABAAIOTCA
X0TA 6bl OAHA 13 YKa3aHHbIX — NaLWeHTbl € 6bICTPbIM BOCCTa-
HOB/IEHWEM, 340pOBble 406POBO/IbLI; (3) KOHEUHBIMM TOYUKa-
MW UCCAeA0BaHUA ABNAIOTCA NOKas3aTe/ M UMMyHUTETa, BOC-
naneHus n Kataboansma; (4) opUrMHanbHble NCCae0BaHUA.
[nA oLeHKM AOCTOBEPHOCTY pe3yNbTaToB NPOBejeHa OLeHKa
p1CKa CUCTeMaTUYeCKON OWNBKN ANA UCCAe0BaHMMN, BKLO-
YeHHbIX B aHaAu3. VIHCTPYMEHT OLeHKM CMCTeMaTU4ecKon
own6ku: ROBINS-E (The Risk Of Bias In Non-randomized
Studies — of Exposure). OLeHKa cMCTEMAaTUYECKON OWn6-
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clusion. Based on the systematic review, further prospective
trials are required to study the immune status of chronically
critically ill patients.

KEYWORDS: chronic critical illness; persistent inflamma-
tion, immunosuppression and catabolism; immune
status
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Introduction

The term chronic critical illness (CCI) was first pro-
posed in 1985 [1]. Nevertheless, the definition of this state
is still under discussion [2, 3]. The main reason for the ab-
sence of a standard definition of chronic critical illness
is the lack of an obvious transition point between acute
and chronic critical illness [2, 4]. Hence, there are so many
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Kn npoBogunace no Metogy Delphi B 23Tana Tpems
nccnepgosatenamu. PE3YJIbTATDI: MNauuneHTbl ¢ XpoHuye-
CKUM KPUTUYECKMM COCTOAHMEM UMEIOT MMMYHOCYNpPeCcCuBs-
HbI CTATYC, KOTOPbIA OTpawaeTcA B CHUXEHHOM YpOBHe
HLA-DR 1 ALC, Ha poHe 6oniee BbICOKMX 3Ha4eHM sPD-L1
n IL-10. Pe3ynbTaThl M3y4eHWA UMMYHHOMO CTaTyca nauueH-
Ta B HacToALLee BPEMA UMEIOT BbICOKUIM U CPeAHUIA PUCK CU-
cTeMaTUYeCKoM OLIMOKM, @ MOTOMY JO/MKHbI paccMaTpMBaTLCA
KaK pe3ynbTaTbl HM3KOro Kavectsa. BbIBO/bl: XpoHunueckoe
KPUTMYECKOe COCTOAHWE B HAcToALLee BPeMA ABIAETCA Ma-
NNOV3YYEHHbIM AB/IEHWEM, C KOTOPbIM MepPUOAMNYECKMN CTaNIKMN-
BAlOTCA BPayM OTAENeHUA peaHUMaLMn 1 UHTEHCUBHOW Te-
panuu. Bonpoc oTHOCKTE/IbBHO MMMYHHOIO CTaTyca nauueH-
ToB ¢ XKC 0CTaeTca OTKPbITbIM, TaK KaK COBPEMEHHbIX AaHHbIX
HeA0CTaToO4HO A8 GOPMUPOBAHNA OKOHYATE/bHbIX BbIBOZOB.
Ha ocHoBaHuM 0630pa MTepaTypbl MOXHO yTBEPHAATb, YTO
TpebyeTca fa/bHelillee NPoBejeHNe MPOCNEKTUBHbIX WC-
CNe0BaHNM ANA N3YYEHUA MMMYHHOMO CTaTyca NauueHToB
C XPOHNYECKNM KPUTUYECKNM COCTOAHUEM.

K/TFOYEBbBIE C/TOBA: XxpoHu4ecKoe KpUTUYeCKoe COCTOA-
HVe; CUHAPOM NEePCUCTUPYLOLLErO BOCMNAIeHMA, UMMYHO-
cynpeccum 1 Katabonmnsma; UMMYHHbI CTaTyc
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approaches for defining CCI by the length of mechanical
ventilation or hospitalization [5-17].

Currently, the number of patients with CCI in intensive
care units has increased [18]. The principal cause of this phe-
nomenon seems to be that recent advances in the medical
care of patients with sepsis have decreased in-hospital mor-
tality [19-21]. Consequently, some of the survivors enter
a state of chronic critical illness [23, 24].
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Fig. 1. Current concepts in the pathogenesis of PICS and CCI

Red line — the level of proinflammatory factors, blue line — the level of antiinflammatory factors.

Recently, evidence has emerged that patients with CCI
have poor outcomes. For instance, CCI has been shown
to be a risk factor of mortality within 1 year after diagno-
sis [24, 25]. Moreover, the pathophysiological studies de-
scribe the state of chronic critical illness as persistent in-
flammation, immunosuppression, and catabolism syndrome
(PICS). The current concepts in the pathogenesis of PICS
and CCI are presented in Fig. 1.

Objective: to evaluate the impact of chronic critical ill-
ness on the patients’ immune status.

Materials and methods

Endpoints of the study

The primary endpoint of the study is the presence
of statistically significant differences in the immune status
of patients with chronic critical illness compared to patients
with rapid recovery.

Search strategy

Systematic literature search of studies was car-
ried out in PubMed and Google Scholar on 10.08.2022.
The search was limited to articles published between 2012
and August 2022. The following queries were used
for the search: “Chronically critically ill patients AND im-
mune”, “Chronic critical illness AND immune”, “per-
sistent inflammation, immunosuppression, and catabolism
syndrome AND immune”. The filter “adults” was used.
In addition, the backward snowballing method (analy-
sis of references of included articles) for further studies
was used.

Eligibility criteria

Eligibility criteria were created according to the PICOS
strategy (Table 1).
Therefore, the systematic review includes articles
that meet the following inclusion criteria:
1) adult patients (age > 18) with CCI or PICS;
2) comparison group is patients with rapid recovery
or healthy controls;
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p
Table 1. Eligibility criteria according to PICOS

Parameters Inclusion criteria

Population Adult patients (age > 18) with CCl or PICS

Intervention  Incident of critical state

Comparison  Patients with rapid recovery OR healthy controls
QOutcome Indicators of immune status, inflammation

and catabolism
Study design  Original studies

3) study endpoint are indicators of immune status, in-
flammation and catabolism
4) original studies.

Study selection

The generated search queries were sent to three in-
dependent researchers, who screened the title/abstract
of the articles. Studies that likely met the eligibility criteria
were selected as articles for full text review. These articles
were reviewed by two independent researchers. Articles
that fully met the eligibility criteria were included in the sys-
tematic review. Any divergences were resolved by consensus
with the involvement of an additional specialist.

Risk of bias assessment

The risk of bias assessment was performed to assess
the validity of the result of studies included in the systematic

Records identified through
Database searching

review. ROBINS-E (The Risk Of Bias In Non-randomized
Studies — of Exposure) was chosen as a bias assessment
tool [26].

Bias was assessed using the Delphi method in 2 rounds
by three researchers.

Delphi round 1. In the first round, three researchers
independently assessed articles for bias using ROBINS-E.
The results were collected by the study director who iden-
tified divergences between the researchers’ conclusions.
The researchers were asked to anonymously provide a writ-
ten rationale for each divergent domain of the ROBINS-E as-
sessment results. These clarifications were sent to the study
director.

Delphi round 2. Prior the second round, every re-
searcher received from the study director the risk of bias
assessment results and rationales written by other investi-
gators. The anonymity was observed.

In the second round, the researchers were asked to assess
the divergent domains again, taking into account the written
rationales of two other researchers. Every researcher could
anonymously agree or disagree with the colleagues’ opinion.
After reassessing the risk of bias using ROBINS-E, the results
were sent to the study director for final decision.

Results

Articles search result

During the initial search, 491 articles were found.
After title/abstract analysis, 25 articles were selected for full-

Full-text articles
assessed for eligibility
(n=23)

(n = 491)
Records excluded
P> after title/abstract review
¥ (n = 466)
Article
for full-text review
(n=25)
Articles
> without full-text access
v (n - 2)

Full-text articles
excluded, with reasons
(n=18):

A 4
Studies included
in the systematic review
(n=5)

Fig. 2. Selection scheme for the articles reviewed in this study
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A4

= no relevant outcome (n = 17);
= no relevant comparison group (n=1)




text analysis. The full text of two of the 25 articles were not
available. Consequently, only 23 articles were analyzed
in full text. After the full-text review, only 5 of 23 articles
met the eligibility criteria and were included in the system-
atic review (Fig. 2). Among the studies, 3 were prospective
observational studies, 2 were post hoc analysis of prospec-
tive studies.

Risk of bias assessment

Risk of bias assessed for all studies included in the sys-
tematic review (Table 2). According to the ROBINS-E, 2 of
5 studies have a moderate risk of bias, while 3 of 5 studies
have a high risk of bias.

Assessment of articles

Information about the articles included in the systematic
review is presented in Table 3.

Main results: Comparison of the immune status
in patients with chronic critical illness and in patients
with rapid recovery

Immune status indicators: sPD-L1. A number of stud-
ies have shown that patients with chronic critical illness had
higher serum concentration of sPD-L1 compared to pa-
tients with rapid recovery (p < 0.05) [28, 30, 31]. J.A. Stortz,
T.J. Murphy et al. [29] demonstrated that patients with rap-
id recovery were characterized by a gradual decrease in se-
rum sPD-L1 concentration to normal range, while pa-
tients with chronic critical illness were characterized
by a progressive increase in serum sPD-L1 concentration
(» < 0.05).

Immune status indicators: IL-10. In two studies, pa-
tients with chronic critical illness had higher serum IL-10 con-
centration compared to patients with rapid recovery through-
out the entire hospitalization period (p < 0.05) [30, 31].

Immune status indicators: ALC. J.A. Stortz, J.C. Mira
et al. [30] showed that patients with chronic critical illness
had a lower absolute lymphocyte count (ALC) compared
to patients with rapid recovery on the 14t day after the di-
agnosis of sepsis. In another work, J.A. Stortz, T.J. Murphy
et al. [29] demonstrated that patients with chronic critical
illness and patients with rapid recovery had a lower abso-
lute lymphocyte count (ALC) compared to normal range.
Nevertheless, patients with rapid recovery were character-
ized by a rapid increase in ALC to normal range, while pa-
tients with chronic critical illness were characterized
by a slow increase in ALC (p = 0.036).

Immune status indicators: HLA-DR. J.A. Stortz, T.J. Murphy
et al. [29] demonstrated that patients with chronic critical
illness and patients with rapid recovery had lower serum
HLA-DR concentration compared to the healthy con-
trols. At the same time, the dynamic of changes in the se-
rum HLA-DR concentration between patients with CCI

Immune status in chronic critical illness: a systematic review

Table 2. Risk of bias assessment using ROBINS-E

Overall risk
of bias

Risk of bias domains

Study

Bias in selection Bias due Bias due Bias arising Bias in the selection ~ Low/Moderate/
of participants ~ to post-exposure  to missing data from measurement of the reported result

Bias arising

Bias due
to confounding  from measurement

Year

First author

High/Very high

of outcomes

into the study interventions

of the exposure

Low Low Low Low Moderate High

Moderate

High

2019

Brakenridge S.C. [27]

Low Moderate

Low Low Low

Low

Moderate

Moderate

2018

Stortz J.A., Murphy T.J. [29]

Low Low Low Low Moderate High

Moderate

High

2020

Cox M.C. [28]

Low Low Low Low Moderate High

Moderate

High

2018

Stortz J.A., Mira J.C. [30]

Moderate Low Low Low Low Low Moderate

Low

2022

Mankowski R.T. [31]
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compared to patients with rapid recovery was similar
to the dynamic of changes in the serum ALC concentration:
patients with rapid recovery were characterized by a rapid
increase in serum HLA-DR concentration to normal range,
while patients with chronic critical illness were character-
ized by a slow increase in serum HLA-DR concentration
to normal range (p < 0.05).

Indicators of persistent inflammation: IL-6 and IL-8.
According to the researches, serum concentrations of IL-6
[27, 28, 30, 31] and IL-8 [28, 30, 31] in patients with chronic
critical illness were higher compared to patients with rapid
recovery at each time point within the entire hospitalization
period (p < 0.05).

Indicators of persistent inflammation: MCP-1, CRP,
ANC. R.T. Mankowski et al. demonstrated that serum
concentrations of MCP-1, CRP and ANCin patients
with chronic critical illness were higher compared to pa-
tients with rapid recovery at each time point within 14 days
after the diagnosis of sepsis (p < 0.05) [31].

Indicators of the catabolic state: GLP-1. In three stud-
ies, serum GLP-1 concentration in patients with chronic
critical illness were higher compared to patients with rapid
recovery at each time point within 28 days after the diagno-
sis of sepsis (p < 0.05) [27, 28, 31].

Indicators of the catabolic state: IGFBP3. In two stud-
ies, serum IGFBP3concentration in patients with chronic
critical illness were higher compared to patients with rapid
recovery at each time point within 28 days after the diagno-
sis of sepsis (p < 0.05) [30, 31].

Indicators of the catabolic state: IGF1. R.T. Mankowski
et al. demonstrated that patients with chronic critical illness
had higher serum IGF1 concentration compared to patients
with rapid recovery within 14 days after the diagnosis of sep-
sis (p < 0.05) [31].

Indicators of the catabolic state: 3SMHIS. J.A. Stortz,
J.C. Mira et al. showed that urinary excretion of 3-meth-
ylhistidine (3MHIS) in patients with chronic critical ill-
ness was higher compared to patients with rapid recov-
ery on the 7% and 14 day after the diagnosis of sepsis
(p < 0.05) [30].

Additional results: mortality in chronic critical illness
and rapid recovery groups

Mortality in patients with chronic critical illness and pa-
tients with rapid recovery has also been evaluate in several
studies. For instance, M.C. Cox et al. [28] estimated 30-days
and 1 year mortality in patients with CCI and rapid recovery.
In patients with chronic critical illness, the 30-days mortality
was 19 %, while in patients with rapid recovery it was 1%
(p < 0.001). The difference was more pronounced at 1 year
(42% in patients with CCIand 7% in patients with rap-
id recovery, p < 0.001). J.A. Stortz, T.J. Murphy et al. [29]
demonstrate that mortality within 30 days after the diagno-
sis of sepsis was statistically significantly higher in patients
with CCI compared to patients with rapid recovery (11 %

Immune status in chronic critical illness: a systematic review

vs 0%, p = 0.015). A similar result was observed for mor-
tality within 6 months (26 % vs 4%, p = 0.002). J.A. Stortz,
J.C. Mira et al. [30] also showed a comparable result in 6
months mortality (37 % vs 2%, p < 0.001).

Discussion

This systematic review summarizes the results of various
studies evaluating immune status in patients with chronic
critical illness. The comparison groups consisted of patients
with chronic critical illness and patients with rapid recov-
ery after the diagnosis of sepsis. It is important to emphasize
that all studies in this systematic review used the same crite-
ria for chronic critical illness. Therefore, the low heteroge-
neity in diagnostic criteria improves the quality of evidence
in the absence of a standard definition of chronic critical
illness.

The differences between groups obtained in each study
are unidirectional. All the studies provided evidence for per-
sistent inflammation, immunosuppression and a catabolic
state (Fig. 3). Moreover, the differences between patients
with chronic critical illness and patients with rapid recov-
ery after the diagnosis of sepsis were statistically significant.

In this systematic review was demonstrated that patients
with chronic critical illness had lower absolute lymphocyte
count (ALC) and serum HLA-DR concentration compared
to patients with rapid recovery, but higher serum concen-
tration of sPD-L1 and IL-10 (Fig. 3, B) [27-31]. All these
parameters indicate the presence of persistent immunosup-
pression in patients with chronic critical illness. Particularly,
a higher incidence of secondary infections in patients
with chronic critical illness was found [28, 29, 31]. The au-
thors associated these findings with an immunosuppressive
status of their patients. Moreover, this adverse event may
lead to an increase in the length of hospitalization.

At the same time, patients with critical chronic illness
were characterized by persistent inflammation. According
to the analyzed articles, patients with CCI had statistical-
ly significantly higher absolute neutrophil count (ANC)
and serum concentration of IL-6, IL-8, MCP-1 and CRP
(Fig. 3, A) [27-31]. These results indicate the presence
of persistent inflammation in patients with chronic critical
illness.

In addition, patients with critical chronic illness were
characterized by the presence of a catabolic state. This state
was caused by both a decrease in serum concentration
of growth factors (IGF1 and IGFBP3) [30, 31] and a muscle
destruction (increased urinary excretion of 3-methylhisti-
dine) [30]. Also, patients with chronic critical illness were
characterized by an increased serum GLP-1 concentration
(Fig. 3, C) [27, 28, 31].

Despite the significance of the results, 3 out of 5 studies
have a high risk of bias due to incomparability of groups ac-
cording to the initial parameters and absence of matching
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A

Inflammation

IL-6 Increase
@ IL-10 Increase
@ ALC Decrease

IL-8 Increase
@ ANCIncrease
@ CRPIncrease
@ MCP-1Increase

Immunosuppression

sPD-L1 Increase

@ HLA-DR Decrease

Catabolic state

GLP-1 Increase
IGFBP3 Decrease

@ |GF1 Decrease

@ !ncreased urinary excretion
of 3MHIS

Fig. 3. Evaluation of biomarkers of chronic critical illness in the selected studies
Note: each slice corresponds to one biomarker, biomarker orientation is indicated below the pie chart; the size of each slice, as well

as the numbers next to each slice, indicate the number of studies that found a statistically significant difference in the biomarker level

between the CCl group and the rapid recovery group.

or multivariate analysis [27, 28, 30]. Only 2 out of 5 studies
have a moderate risk of bias [29, 31]. Studies with a low risk
of bias were not found. Therefore, the quality of evidence
should be considered low and the further research is needed.
Furthermore, all the studies have an additional risk of bias
due to the absence of a standard definition of chronic critical
illness. Probably, the obtained result can’t be extrapolated
to patients who will meet the standard criteria of chronic
critical illness in the future.

In conclusion, there are few studies of immune sta-
tus in patients with chronic critical illness. In this regard,
the immune status in patients with CCI is still poorly under-
stood. In particular, further studies of cellular and humor-
al immunity in patients with chronic critical illness are re-
quired in order to reduce mortality, length of mechanical
ventilation and hospitalization.

Limitations

The main limitation is the design of the study — a sys-
tematic review without statistical analysis. This study design
was chosen because of the impossibility to compare studies
results to each other.
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Conclusion

Patients with chronic critical illness have a persistent
immunosuppression, which is reflected in lower absolute
lymphocyte count (ALC) and serum HLA-DR concentra-
tion compared to patients with rapid recovery, but high-
er serum concentration of sPD-L1 and IL-10. Risk of bias
in the included studies ranges from moderate to high.
The quality of evidence should be considered low. The im-
mune status in patients with chronic critical illness is still
poorly understood, so the further prospective observational
studies are required.
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