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Critical illness syndromes including sepsis and acute res-
piratory distress syndrome (ARDS) are major causes of
morbidity among adults and children admitted to inten-
sive care units (ICU) across the world. Clinical and bio-
logical heterogeneity among patients have, however, long
confounded the identification of efficacious therapeu-
tics, and have likely contributed to the repeated failure
of clinical trials [1]. Accordingly, identification of richly
phenotyped and reproducible disease subtypes through
existing observational or interventional studies, develop-
ment of pragmatic strategies for real-time identification
of disease subtypes, and determination of heterogeneity
of treatment effect (HTE) of therapeutic interventions
have been emphasized as the path forward to achieving
precision medicine in critical care [2].

Qin et al. recently published in Critical Care [3] on the
identification of four pediatric sepsis subclasses through
retrospective analyses of clinical and laboratory data
collected within 24 h of ICU admission among 404 chil-
dren enrolled in the Pediatric Sepsis-induced Multiple
Organ Failure (PHENOMS) [4] study. The strengths of
the study include: (1) the use of an unbiased data-driven
approach to derive subclasses that demonstrate differ-
ences in clinical outcomes using k-means clustering; (2)
correlative biomarker data to demonstrate biological dif-
ferences between groups; and (3) proof-of-concept data
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suggestive of HTE when testing 14 anti-inflammatory
therapies and mechanical interventions—individually
and in combinations.

Among the four sepsis subclasses identified, Ped-
Sep D (n=56) had the highest mortality (34%) followed
by PedSep B and C which had comparable rates of
death ~ 10-12%; PedSep A had the lowest mortality rate
(2%). The hallmark of PedSep D subclass was the pre-
ponderance of patients with multiple organ dysfunction
syndrome (MODS). In comparison, PedSep B was char-
acterized by severe respiratory failure and central nerv-
ous system dysfunction, and PedSep C was composed
of patients with predominant cardiovascular dysfunc-
tion and low rates of intubation. Biomarkers of systemic
inflammation and endothelial activation demonstrated
differences across the subclasses. Relative to PedSep A,
patients belonging to PedSep D were characterized by
increases in concentrations of interleukin (IL)-8, IL-6
and decrease in concentrations of a disintegrin and met-
alloproteinase with a thrombospondin (ADAMTS) 13
and low platelet counts. The differences between Ped-
Sep B and C were more subtle. Finally, non-randomized
administration of corticosteroids was associated with
lower mortality among PedSep D subclass, but no differ-
ence and higher mortality was observed among patients
belonging to PedSep B and C, respectively.

The work detailed by Qin and colleagues represents
another precision medicine tool in our armamentarium
to sift through heterogeneous populations of critically ill
patients. First, the subclasses identified could facilitate
prognostic enrichment, i.e., identification of patients at
high risk of an outcome of interest such as death and/
or MODS. The biomarker profile correlated with hyper-
inflammatory PedSep D subclass appears, in part, to be
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Fig. 1 Conceptual model for identification of stable, reproducible, and generalizable subclasses across the host developmental age spectrum in
critical illness syndromes. The central role for translational bioinformaticians—with expertise in computational biology and clinical informatics—to
help achieve such precision in critical iliness is shown on the left-hand side of the illustration. *ARDS Acute Respiratory Distress Syndrome
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driven by IL-8, endothelial activation and associated low
platelet counts. This bears resemblance with the prospec-
tively validated Pediatric Sepsis Biomarker Risk Model
(PERSEVERE) used to estimate ICU mortality detailed by
Wong et al. [5] and a more recent iteration published in
Critical Care to estimate the risk of MODS [6]. Similarly,
there is a striking similarity of biomarkers correlated
with PedSep D and those among patients with a ‘hyper-
inflammatory’ phenotype of ARDS detailed by Calfee
et al. [7], a subclass reproduced among pediatric patients
[8], and associated with worse outcomes.

Second, the approach detailed by Qin et al. may also
facilitate predictive enrichment, i.e., identification of
patients subclasses with shared biological pathways that
make them more susceptible to respond to a given ther-
apy. The authors highlight the overlap of phenotypes with
those detailed by our group [9], as well as sepsis endo-
types among adults. Of considerable interest, the differ-
ential response to steroids demonstrated among PedSep
B and C relative to those belonging to subclass D mirror
findings among pediatric septic shock endotypes iden-
tified by Wong and colleagues [10], wherein patients
belonging to endotype A were observed to have repres-
sion of the adaptive immune system and glucocorticoid
signaling, and worse outcomes with receipt of non-rand-
omized adjuvant corticosteroids.

The authors acknowledge the limitations of the study,
including the retrospective nature of the study, relatively
small sample size, and lack of a validation cohort—all of
which are endemic to studies focused on critically ill chil-
dren. In addition, patients belonging to PedSep D were
demonstrated to represent various clinical phenotypes
previously detailed by Carcillo and colleagues [11]. Thus,
it is likely that the biological correlates associated with
this subclass represent an average of those values across
the entire subclass. It is, however, plausible that there
may exist considerable heterogeneity within PedSep D.
Accordingly, the interaction with therapeutic interven-
tions demonstrated may be variable across latent subphe-
notypes that may exist within this subclass. Future work
in cohorts enriched for those with MODS may shed light
on this important question. Finally, it is worth noting that
clustering algorithms like k-means may be susceptible to
instability with changing the initiation seed of the clus-
tering and the number of imputation runs, as previously
demonstrated [12]. This may be particularly problematic
when the sample size is limited and begets the need for
external validation prior to implementation.

In summary, these observations suggest that biologically
speaking, more is common across critical illness syndromes
including sepsis and ARDS across the host developmen-
tal age spectrum than features that distinguish them [1].
Accordingly, research to decipher these ‘treatable traits’
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through the identification of stable, reproducible, and gen-
eralizable subclasses is the need of the hour. We propose
the following strategies to advance the science of precision
medicine, as illustrated in Fig. 1: (1) deep ‘endo-phenotyping’
of patients at scale through integration of electronic health
record data, clinical and data-driven phenotypes, and endo-
types across critical illness syndromes enabled by large,
multicenter collaborations; (2) leveraging high-throughput
multi-omic approaches to comprehensively characterize
subclass-specific biological pathways; (3) incorporating tem-
poral dynamics across multi-modal data streams including
physiological and multi-omics, acknowledging the dyna-
micity of critical illness, and to test functional responses to
therapeutic interventions; (4) standardizing and validating
methodological approaches including machine learning
algorithms to reliably identify patient subclasses; and (5)
developing point-of-care assays and parsimonious models
to rapidly classify patients in real time in order to facilitate
the design and evaluation of precision medicine strategies in
future clinical trials.

Author contributions
MRA wrote the initial draft of the manuscript. NSP and RK provided critical
input. All authors read and approved the final manuscript.

Funding
None for this article. Dr. Sanchez-Pinto and Kamaleswaran receive funding
from the NIH.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

1Departrnen‘[ of Pediatrics, Cincinnati Children’s Hospital Medical Center,
University of Cincinnati College of Medicine, 3333 Burnet Avenue, Cincinnati,
OH 45229, USA. 2Departmems of Pediatrics and Preventive Medicine, Ann &
Robert H. Lurie Children’s Hospital of Chicago, Northwestern University Fein-
berg School of Medicine, Chicago, IL 60611, USA. 3Departmems of Biomedical
Informatics and Biomedical Engineering, Emory University School of Medicine,
Georgia Institute of Technology, Atlanta, GA 30322, USA.

Received: 28 November 2022 Accepted: 2 December 2022
Published online: 14 December 2022

References

1. Maslove DM, et al. Redefining critical iliness. Nat Med. 2022;28:1141-8.

2. Shah FA et al. A research agenda for precision medicine in sepsis and
acute respiratory distress syndrome: an official American thoracic society
research statement. Am J Respir Crit Care Med. 2021;204:891-901.

3. QinY, et al. Machine learning derivation of four computable 24-h
pediatric sepsis phenotypes to facilitate enrollment in early personalized
anti-inflammatory clinical trials. Crit Care. 2022;26:128.



Atreya et al. Critical Care (2022) 26:387 Page 4 of 4

4. Carcillo JA, et al. A multicenter network assessment of three inflammation
phenotypes in pediatric sepsis-induced multiple organ failure. Pediatr
Crit Care Med. 2019;20:1137-46.

5. Wong HR, et al. Prospective clinical testing and experimental validation of
the Pediatric Sepsis Biomarker Risk Model. Sci Transl Med. 2019;11:9000.

6. Atreya MR, et al. Integrated PERSEVERE and endothelial biomarker risk
model predicts death and persistent MODS in pediatric septic shock:

a secondary analysis of a prospective observational study. Crit Care.
2022;26:210.

7. Calfee CS, et al. Subphenotypes in acute respiratory distress syndrome:
latent class analysis of data from two randomised controlled trials. Lancet
Respir Med. 2014;2:611-20.

8. Dahmer MK, et al. Identification of phenotypes in paediatric patients with
acute respiratory distress syndrome: a latent class analysis. Lancet Respir
Med. 2022;10:289-97.

9. Sanchez-Pinto LN, Stroup EK, Pendergrast T, Pinto N, Luo Y. Derivation and
validation of novel phenotypes of multiple organ dysfunction syndrome
in critically Ill children. JAMA Netw Open. 2020;3: €209271.

10. Wong HR, et al. Developing a clinically feasible personalized medi-
cine approach to pediatric septic shock. Am J Respir Crit Care Med.
2015;191:309-15.

11. Carcillo JA, et al. Three hypothetical inflammation pathobiology phe-
notypes and pediatric sepsis-induced multiple organ failure outcome.
Pediatr Crit Care Med. 2017;18:513-23.

12. Sinha P, et al. Comparison of machine learning clustering algorithms for
detecting heterogeneity of treatment effect in acute respiratory distress
syndrome: a secondary analysis of three randomised controlled trials.
EBioMedicine. 2021;74: 103697.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Commentary: ‘Critical illness subclasses: all roads lead to Rome’
	References


