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Sepsis, defined as life-threatening organ dysfunction caused by a dysregulated host
response to infection, represents the primary cause of death due to infection [1]. Unless
diagnosed and treated early, sepsis can lead to septic shock, multiple organ failure and
death [2]. The global burden of sepsis has substantially increased during the last decades.
According to a recent study, the global estimate of sepsis incidence was 49 million cases,
while sepsis-related deaths reached 11 million in 2017, accounting for almost 20% of all-
cause deaths globally [3]. Moreover, hospital-acquired infections leading to sepsis represent
up to one-quarter of all hospital-treated sepsis cases [4]. Based on a recent meta-analysis,
the hospital mortality rate for sepsis is estimated to be almost 27%, while for sepsis patients
treated in the intensive care unit, the mortality rate is as high as 42% [5].

Prompt diagnosis and appropriate treatment of sepsis are of utmost importance and
key to survival [6]. However, routinely used biomarkers, such as C-reactive protein and
procalcitonin, have shown moderate diagnostic and prognostic value. Of note, the recent
consensus definition for sepsis is based on clinical criteria, implying the paucity of reliable
sepsis biomarkers. The new diagnostic criteria also incorporate the use of the SOFA
score, a composite prediction tool, which is derived by a combination of clinical signs and
biomarkers of organ dysfunction, leaving aside classic inflammatory biomarkers [1]. This
further highlights the lack of a gold standard diagnostic test for sepsis. Therefore, the
study of novel biomarkers that may facilitate the early diagnosis of sepsis continues to be a
challenging research field [7].

Numerous molecules, such as cytokines and chemokines, involved in the inflammatory
cascade in sepsis are being studied to identify better-performing biomarkers [7,8]. In this
context, certain adipokines (cytokine-like molecules derived from the adipose tissue) have
been recently shown to have diagnostic value in sepsis, while their kinetics early in sepsis
were found to be independent predictors of sepsis outcome in prospective observational
studies [9-14]. Moreover, advances in proteomics have supported the investigation of a
high number of molecules (the so-called secretome) that are produced and secreted during
sepsis [15,16]. Of note, progress in bioinformatics and artificial intelligence has shown
promising results in the development of breakthrough diagnostic tools by combining
multiple biomarkers identified by experimental and clinical studies [17]. Additionally, a
machine learning approach using large data sets may improve the performance of currently
used screening models for the early and accurate identification of patients with sepsis [18].
Research in the field of omics technologies and the use of high-dimensional data are
expected to pave the ground for unraveling the pathophysiologic mechanisms of sepsis,
promoting diagnostics and identifying new therapeutic targets to guide future therapies
and precision medicine [17,19].

Although the fundamental principles of the treatment of sepsis and septic shock
(initial resuscitation, infection control, and organ support) remain unchanged, there are still
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several gaps regarding various aspects of clinical management. As highlighted in the recent
Surviving Sepsis Campaign international guidelines, the evidence designating the type,
dose and timing of resuscitation fluids is still of low quality, being mainly observational [6].
Additionally, reliable biomarkers for monitoring the response to treatment, as well as clear
therapeutic goals, are controversial due to the paucity of high-quality evidence such as
large randomized controlled trials.

Regarding the hemodynamic management of septic shock, there is a great interest in
the type and timing of various inotropes and vasopressors besides norepinephrine. The
role of vasopressin and its analogues, such as selepressin, as well as angiotensin 11, is
yet to be determined [20]. Moreover, the use of short-acting (3-blockers, such as esmolol
and landiolol, to control ventricular rate in septic shock has shown a beneficial effect on
outcome [21].

Regarding corticosteroids, there is not yet adequate evidence to support their routine
use in the treatment of sepsis and septic shock [22]. However, their beneficial use in the
treatment of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
brought them to the front, renewing research interest in their anti-inflammatory properties.
Moreover, the coronavirus disease 2019 (COVID-19) pandemic urged researchers to explore
the therapeutic value of immune-based treatment options to block the cytokine storm in
SARS-CoV-2-related sepsis, with promising results [23,24]. Inmunotherapeutic agents tar-
geting immune mediators of host defense such as corticosteroids, anti-cytokine agents and
kinase inhibitors may prove useful in blocking hyperinflammation in sepsis [24]. However,
as the host response to infection can vary substantially between patients, these treatments
warrant investigation using an individualized approach based on the immunological profile
of patients [25,26].

Blood purification techniques (hemoperfusion or hemadsorption), aiming at the ex-
tracorporeal cytokine removal and reducing endotoxin activity, have shown potential as
adjunctive treatments for sepsis. Recent advances in the development of new absorptive
materials and hemoperfusion devices have motivated clinical studies in patients with
sepsis, showing a significant decrease in circulating cytokine and endotoxin concentrations
with favorable hemodynamic effects [27]. However, evidence from the clinical application
of hemoperfusion is limited and controversial [28]. Large randomized controlled trials are
needed to investigate the therapeutic role of blood purification modalities in sepsis.

Basic research has made substantial progress during the last decades contributing
to our better understanding of the pathophysiologic mechanisms of sepsis, and clinical
studies have led to important therapeutic advances and outcome improvements. However,
as stated above, there are still many gaps to be filled and many quandaries regarding
diagnostics and therapeutics of sepsis and septic shock. New strategies are urgently needed
to combat the heavy burden of sepsis.

Author Contributions: LK. and P.C.F. equally contributed in the conceptualization, writing, review
and editing of the paper. All authors have read and agreed to the published version of the manuscript.
Funding: This article received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

1. Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.R.; Chiche, J.-D.;
Coopersmith, C.M.; et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016, 315,
801-810. [CrossRef] [PubMed]

2. Gotts, J.E.; Matthay, M.A. Sepsis: Pathophysiology and clinical management. BMJ 2016, 353, i1585. [CrossRef] [PubMed]

3.  Rudd, K.E; Johnson, S.C.; Agesa, K.M.; Shackelford, K.A.; Tsoi, D.; Kievlan, D.R.; Colombara, D.V.; Ikuta, K.S.; Kissoon, N.; Finfer,
S.; et al. Global, regional, and national sepsis incidence and mortality, 1990-2017: Analysis for the Global Burden of Disease Study.
Lancet 2020, 395, 200-211. [CrossRef]

4. Fleischmann-Struzek, C.; Mellhammar, L.; Rose, N.; Cassini, A.; Rudd, K.E.; Schlattmann, P.; Allegranzi, B.; Reinhart, K. Incidence
and mortality of hospital- and ICU-treated sepsis: Results from an updated and expanded systematic review and meta-analysis.
Intensive Care Med. 2020, 46, 1552-1562. [CrossRef] [PubMed]


http://doi.org/10.1001/jama.2016.0287
http://www.ncbi.nlm.nih.gov/pubmed/26903338
http://doi.org/10.1136/bmj.i1585
http://www.ncbi.nlm.nih.gov/pubmed/27217054
http://doi.org/10.1016/S0140-6736(19)32989-7
http://doi.org/10.1007/s00134-020-06151-x
http://www.ncbi.nlm.nih.gov/pubmed/32572531

Medicina 2022, 58, 844 30f3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.
21.

22.

23.

24.

25.

26.

27.
28.

Markwart, R.; Saito, H.; Harder, T.; Tomczyk, S.; Cassini, A.; Fleischmann-Struzek, C.; Reichert, F.; Eckmanns, T.; Allegranzi,
B. Epidemiology and burden of sepsis acquired in hospitals and intensive care units: A systematic review and meta-analysis.
Intensive Care Med. 2020, 46, 1536-1551. [CrossRef]

Evans, L.; Rhodes, A.; Alhazzani, W.; Antonelli, M.; Coopersmith, C.M.; French, C.; Machado, ER.; Mcintyre, L.; Ostermann,
M.; Prescott, H.C.; et al. Surviving sepsis campaign: International guidelines for management of sepsis and septic shock 2021.
Intensive Care Med. 2021, 47, 1181-1247. [CrossRef] [PubMed]

Pierrakos, C.; Velissaris, D.; Bisdorff, M.; Marshall, ].C.; Vincent, ].L. Biomarkers of sepsis: Time for a reappraisal. Crit. Care 2020,
24, 287. [CrossRef]

Karampela, I.; Christodoulatos, G.S.; Dalamaga, M. The Role of Adipose Tissue and Adipokines in Sepsis: Inflammatory and
Metabolic Considerations, and the Obesity Paradox. Curr. Obes. Rep. 2019, 8, 434—457. [CrossRef]

Karampela, I.; Christodoulatos, G.S.; Vallianou, N.; Tsilingiris, D.; Chrysanthopoulou, E.; Skyllas, G.; Antonakos, G.; Marinou,
I.; Vogiatzakis, E.; Armaganidis, A.; et al. Circulating Chemerin and Its Kinetics May Be a Useful Diagnostic and Prognostic
Biomarker in Critically Ill Patients with Sepsis: A Prospective Study. Biomolecules 2022, 12, 301. [CrossRef]

Karampela, I.; Kandri, E.; Antonakos, G.; Vogiatzakis, E.; Christodoulatos, G.S.; Nikolaidou, A.; Dimopoulos, G.; Armaganidis,
A.; Dalamaga, M. Kinetics of circulating fetuin-A may predict mortality independently from adiponectin, high molecular weight
adiponectin and prognostic factors in critically ill patients with sepsis: A prospective study. J. Crit. Care 2017, 41, 78-85. [CrossRef]
Dalamaga, M.; Karampela, I. Fetuin-A to adiponectin ratio is a promising prognostic biomarker in septic critically ill patients.
J. Crit. Care 2018, 44, 134-135. [CrossRef] [PubMed]

Karampela, I.; Christodoulatos, G.S.; Kandri, E.; Antonakos, G.; Vogiatzakis, E.; Dimopoulos, G.; Armaganidis, A.; Dalamaga,
M. Circulating eNampt and resistin as a proinflammatory duet predicting independently mortality in critically ill patients with
sepsis: A prospective observational study. Cytokine 2019, 119, 62-70. [CrossRef]

Karampela, I.; Dalamaga, M. Serum bilirubin to fetuin-A ratio as a prognostic biomarker in critically ill patients with sepsis.
Metabol. Open 2021, 10, 100094. [CrossRef] [PubMed]

Karampela, I.; Chrysanthopoulou, E.; Skyllas, G.; Christodoulatos, G.-S.; Kandri, E.; Antonakos, G.; Stratigou, T.; Armaganidis, A.;
Dalamaga, M. Circulating leptin, soluble leptin receptor and free leptin index in critically ill patients with sepsis: A prospective
observational study. Minerva Anestesiol. 2021, 87, 880-890. [CrossRef] [PubMed]

Kwon, O.K,; Lee, W.; Kim, S.J.; Lee, Y.-M.; Lee, ].Y,; Kim, ].Y; Bae, ].-S.; Lee, S. In-depth proteomics approach of secretome to
identify novel biomarker for sepsis in LPS-stimulated endothelial cells. Electrophoresis 2015, 36, 2851-2858. [CrossRef] [PubMed]
Blangy-Letheule, A.; Persello, A.; Rozec, B.; Waard, M.; Lauzier, B. New Approaches to Identify Sepsis Biomarkers: The
Importance of Model and Sample Source for Mass Spectrometry. Oxid. Med. Cell. Longev. 2020, 2020, 6681073. [CrossRef]
Ruiz-Rodriguez, ].C.; Plata-Menchaca, E.P.; Chiscano-Camon, L.; Ruiz-Sanmartin, A.; Pérez-Carrasco, M.; Palmada, C.; Ribas, V,;
Martinez-Gallo, M.; Hernandez-Gonzalez, M.; Gonzalez-Lopez, ].J.; et al. Precision medicine in sepsis and septic shock: From
omics to clinical tools. World |. Crit. Care Med. 2022, 11, 1-21. [CrossRef]

Fleuren, L.M.; Klausch, T.L.T.; Zwager, C.L.; Schoonmade, L.J.; Guo, T.; Roggeveen, L.E; Swart, E.L.; Girbes, AR.J.; Thoral, P;
Ercole, A.; et al. Machine learning for the prediction of sepsis: A systematic review and meta-analysis of diagnostic test accuracy.
Intensive Care Med. 2020, 46, 383—400. [CrossRef]

Schuurman, A.R.; Reijnders, T.D.Y.; Kullberg, R.F].; Butler, ].M.; van der Poll, T.; Wiersinga, W.J. Sepsis: Deriving biological
meaning and clinical applications from high-dimensional data. Intensive Care Med. Exp. 2021, 9, 27. [CrossRef]

Wieruszewski, PM.; Khanna, A.K. Vasopressor Choice and Timing in Vasodilatory Shock. Crit. Care 2022, 26, 76. [CrossRef]
Hasegawa, D.; Sato, R.; Prasitlumkum, N.; Nishida, K.; Takahashi, K.; Yatabe, T.; Nishida, O. Effect of Ultrashort-Acting 3-
Blockers on Mortality in Patients with Sepsis with Persistent Tachycardia Despite Initial Resuscitation: A Systematic Review and
Meta-analysis of Randomized Controlled Trials. Chest 2021, 159, 2289-2300. [CrossRef] [PubMed]

Vandewalle, J.; Libert, C. Glucocorticoids in Sepsis: To Be or Not to Be. Front. Immunol. 2020, 11, 1318. [CrossRef] [PubMed]
Fragkou, P.C.; Belhadi, D.; Peiffer-Smadja, N.; Moschopoulos, C.D.; Lescure, EX.; Janocha, H.; Karofylakis, E.; Yazdanpanah, Y.;
Mentré, F.; Skevaki, C.; et al. Review of trials currently testing treatment and prevention of COVID-19. Clin. Microbiol. Infect.
2020, 26, 988-998. [CrossRef]

van de Veerdonk, F.L.; Giamarellos-Bourboulis, E.; Pickkers, P.; Derde, L.; Leavis, H.; van Crevel, R.; Engel, ].].; Wiersinga, W.].;
Vlaar, A.PJ.; Shankar-Hari, M.; et al. A guide to immunotherapy for COVID-19. Nat. Med. 2022, 28, 39-50. [CrossRef] [PubMed]
Xu, Z.; Liu, A.; Yang, L.; Zhang, B.; Zheng, F; Zhang, ].; Zhan, ]. Changes in immune function and immunomodulatory treatments
of septic patients. Clin. Immunol. 2022, 239, 109040. [CrossRef] [PubMed]

Rubio, I.; Osuchowski, M.E.; Shankar-Hari, M.; Skirecki, T.; Winkler, M.S.; Lachmann, G.; La Rosée, P.; Monneret, G.; Venet, F.;
Bauer, M.; et al. Current gaps in sepsis immunology: New opportunities for translational research. Lancet Infect. Dis. 2019, 19,
e422-e436. [CrossRef]

Ronco, C.; Bellomo, R. Hemoperfusion: Technical aspects and state of the art. Crit. Care 2022, 26, 135. [CrossRef] [PubMed]
Feng, Y,; Peng, ].Y.; Peng, Z. Blood purification in sepsis and systemic inflammation. Curr. Opin. Crit. Care 2021, 27, 582-586.
[CrossRef] [PubMed]


http://doi.org/10.1007/s00134-020-06106-2
http://doi.org/10.1007/s00134-021-06506-y
http://www.ncbi.nlm.nih.gov/pubmed/34599691
http://doi.org/10.1186/s13054-020-02993-5
http://doi.org/10.1007/s13679-019-00360-2
http://doi.org/10.3390/biom12020301
http://doi.org/10.1016/j.jcrc.2017.05.004
http://doi.org/10.1016/j.jcrc.2017.10.040
http://www.ncbi.nlm.nih.gov/pubmed/29102850
http://doi.org/10.1016/j.cyto.2019.03.002
http://doi.org/10.1016/j.metop.2021.100094
http://www.ncbi.nlm.nih.gov/pubmed/34027380
http://doi.org/10.23736/S0375-9393.21.15368-4
http://www.ncbi.nlm.nih.gov/pubmed/34102805
http://doi.org/10.1002/elps.201500198
http://www.ncbi.nlm.nih.gov/pubmed/26257168
http://doi.org/10.1155/2020/6681073
http://doi.org/10.5492/wjccm.v11.i1.1
http://doi.org/10.1007/s00134-019-05872-y
http://doi.org/10.1186/s40635-021-00383-x
http://doi.org/10.1186/s13054-022-03911-7
http://doi.org/10.1016/j.chest.2021.01.009
http://www.ncbi.nlm.nih.gov/pubmed/33434497
http://doi.org/10.3389/fimmu.2020.01318
http://www.ncbi.nlm.nih.gov/pubmed/32849493
http://doi.org/10.1016/j.cmi.2020.05.019
http://doi.org/10.1038/s41591-021-01643-9
http://www.ncbi.nlm.nih.gov/pubmed/35064248
http://doi.org/10.1016/j.clim.2022.109040
http://www.ncbi.nlm.nih.gov/pubmed/35569780
http://doi.org/10.1016/S1473-3099(19)30567-5
http://doi.org/10.1186/s13054-022-04009-w
http://www.ncbi.nlm.nih.gov/pubmed/35549999
http://doi.org/10.1097/MCC.0000000000000890
http://www.ncbi.nlm.nih.gov/pubmed/34581298

	References

