
factors that influence its effectiveness. Although unanswered
questions about ICU telemedicine remain, this qualitative study
provides us with a practical guide for local implementation, as well
as for future qualitative and quantitative research. Furthermore,
it a useful reminder of the value of qualitative research for
organizational innovations. n

Author disclosures are available with the text of this article at
www.atsjournals.org.

Jessica T. Lee, M.D., M.H.S.
Meeta Prasad Kerlin, M.D., M.S.C.E.
Palliative and Advanced Illness Research Center
Pulmonary, Allergy, and Critical Care Division
and
Leonard Davis Institute of Health Economics
The Perelman School of Medicine of the University of Pennsylvania
Philadelphia, Pennsylvania

ORCID ID: 0000-0002-3239-1443 (M.P.K.).

References

1. Grundy BL, Crawford P, Jones PK, Kiley ML, Reisman A, Pao YH, et al.
Telemedicine in critical care: an experiment in health care delivery.
JACEP 1977;6:439–444.

2. Kahn JM, Cicero BD, Wallace DJ, Iwashyna TJ. Adoption of
ICU telemedicine in the United States. Crit Care Med 2014;42:
362–368.

3. Lilly CM, Zubrow MT, Kempner KM, Reynolds HN, Subramanian S,
Eriksson EA, et al.; Society of Critical Care Medicine Tele-ICU
Committee. Critical care telemedicine: evolution and state of the art.
Crit Care Med 2014;42:2429–2436.

4. Vranas KC, Slatore CG, Kerlin MP. Telemedicine coverage of
intensive care units: a narrative review. Ann Am Thorac Soc

[online ahead of print] 9 Aug 2018; DOI: 10.1513/AnnalsATS.201804-
225FR.

5. Wilcox ME, Adhikari NK. The effect of telemedicine in critically ill
patients: systematic review and meta-analysis. Crit Care 2012;16:
R127.

6. Kumar G, Falk DM, Bonello RS, Kahn JM, Perencevich E, Cram P. The
costs of critical care telemedicine programs: a systematic review and
analysis. Chest 2013;143:19–29.

7. Kahn JM, Rak KJ, Kuza CC, Ashcraft LE, Barnato AE, Fleck JC,
et al. Determinants of intensive care unit telemedicine
effectiveness: an ethnographic study. Am J Respir Crit Care Med
2019;199:970–979.

8. Kahn JM, Le TQ, Barnato AE, Hravnak M, Kuza CC, Pike F, et al. ICU
telemedicine and critical care mortality: a national effectiveness study.
Med Care 2016;54:319–325.

9. Bradley EH, Curry LA, Ramanadhan S, Rowe L, Nembhard IM, Krumholz
HM. Research in action: using positive deviance to improve quality of
health care. Implement Sci 2009;4:25.

10. Sinuff T, Cook DJ, Giacomini M. How qualitative research can
contribute to research in the intensive care unit. J Crit Care 2007;22:
104–111.

11. Wilcox ME, Chong CA, Niven DJ, Rubenfeld GD, Rowan KM, Wunsch
H, et al. Do intensivist staffing patterns influence hospital mortality
following ICU admission? A systematic review and meta-analyses.
Crit Care Med 2013;41:2253–2274.

12. Kerlin MP, Adhikari NK, Rose L, Wilcox ME, Bellamy CJ, Costa DK,
et al.; ATS Ad Hoc Committee on ICU Organization. An official
American Thoracic Society systematic review: the effect of
nighttime intensivist staffing on mortality and length of stay among
intensive care unit patients. Am J Respir Crit Care Med 2017;195:
383–393.

13. Rak KJ, Kuza CC, Ashcraft LE, et al. Identifying strategies for
effective telemedicine use in intensive care units: the
ConnECCT study protocol. Int J Qual Methods 2017;16:
160940691773338.

Copyright © 2019 by the American Thoracic Society

The Search for Efficacious New Therapies in Sepsis Needs to
Embrace Heterogeneity

Most new drug treatments fail because they lack efficacy (1). In
sepsis research, new therapies must contend with an additional
barrier: the intractable heterogeneity of the sepsis syndrome (2).
Together, these challenges have so far proved insurmountable.
Hundreds of clinical trials have been conducted, at a cost of
hundreds of millions of dollars, to test new agents to modulate the
host response to injury in sepsis. None have succeeded (2).

The sepsis syndrome itself is simultaneously too broad and too
narrow. Sepsis encompasses numerous different etiologies and
pathophysiological processes, but—by definition (3)—excludes

sterile injuries that lead to the same pathophysiology and organ
failures, such as trauma, burns, hemorrhage, and pancreatitis.

Some components of heterogeneity in sepsis are clinically
apparent, such as variability in causal pathogens, comorbidities,
environmental factors, and host genetics. But there is also evidence
from recent studies (4–6) that important pathophysiological
processes that are active in sepsis patients may vary in ways that are
not directly observable at the bedside. If so, there is a chance that
these processes may be amenable to different treatments (Figure 1).

Large observational studies of blood transcriptomics applied to
sepsis populations have provided several models based on molecular
classification of patients with sepsis. In particular, the Genomic
Advances in Sepsis (GAinS) consortium in the United Kingdom (4, 6)
and the Molecular Diagnosis and Risk Stratification of Sepsis (MARS)
consortium in the Netherlands detected distinct molecular endotypes
in leukocyte genome-wide expression profiles from samples collected
on ICU admission. The MARS consortium identified four molecular
endotypes in all-cause sepsis (designated MARS 1–4) (6), whereas
the GAinS consortium identified two molecular endotypes in
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community-acquired pneumonia (designated sepsis response
signature 1 [SRS1] and SRS2) (4). More recently, in an impressive
demonstration of the power of open science and data sharing (7),
Sweeney and colleagues (5) identified three clinical signatures—
termed inflammopathic, coagulopathic, and adaptive—using pooled
data from publicly available gene expression data from other studies
of patients with sepsis. Both the MARS and SRS molecular endotypes
were associated with different mortality rates.

This is a necessary first step. But after these observations, the
question remains as to whether the MARS/SRS signatures relate to
therapeutically targetable immunopathologies. Subgroups may
reflect different disease severities, or other features of the patients
that are irrelevant to their care. To detect a treatment effect in these
subgroups, it is necessary to acquire gene expression data from
patients enrolled in randomized clinical trials.

For the first time, direct evidence of such an effect is reported
by Antcliffe and colleagues (pp. 980–986) in this issue of the
Journal (8). Using data from the VANISH (Vasopressin versus
Norepinephrine as Initial Therapy in Septic Shock) trial, a
generalized linear model based on a previously identified seven-
gene SRS classifier (DYRK2, CCNB1IP1, TDRD9, ZAP70, ARL14EP,
MDC1, and ADGRE3) enabled the authors to stratify 176 patients
as SRS1 (47%) or SRS2 (53%). Patients stratified in this fashion
did not differ in demographics and most baseline clinical
characteristics (except for rates of ischemic heart disease).
However, in line with the group’s previous findings (4), 28-day
mortality in the placebo group was higher in SRS1 (37%) than in
SRS2 (8%) patients (8). Serum lactate at baseline was also higher in
SRS1 patients. Together, these observations indicate that, to some
extent, the SRS classification reflects disease severity.

If severity (rather than distinct pathophysiology) underlies the
difference between these groups of patients, an interaction with steroid
treatment might be anticipated. Large trials of steroids in sepsis and
septic shock (9, 10) have reported trends toward a treatment benefit in
patients with the highest risk of death. Whether these trends are real,
and if so, whether they are simply a consequence of a higher event rate
in this group (heterogeneity of treatment effect), are open questions at
present. Based on these studies, we would have predicted a higher
probability of detectable benefit from steroids among patients
classified as SRS1. In fact, an interaction was detected between

hydrocortisone use and SRS2-classified patients, resulting in increased
mortality estimates with an adjusted odds ratio of 8.3 (95% confidence
interval, 1.4–47.8), that is, a signal consistent with harm from steroid
treatment in the less-severe SRS2-classified group.

Collectively, these results and those from therapeutic trials
using subclassifications of acute respiratory distress syndrome (11,
12) imply that there are divergent effects from a single intervention
across and within different patient endotypes, bringing them closer
to the definition of a true disease endotype (13).

The investigators in the VANISH trial are to be congratulated
for having the foresight to acquire transcriptomic data within a
randomized controlled trial. Although confirmatory replication will
be necessary, this work brings us a step closer to the primary aim of
stratified medicine research: new phenotypes with direct therapeutic
consequences. It is our view that future clinical trials in critical
illness should consider from the outset the probability that any new
therapy may have a differential effect in a subgroup of patients, and
that subgroup may only be identifiable through deep phenotyping.
Among the available methodologies, preservation of whole-blood
RNA is the most pragmatic way to enable future deep phenotyping.

The dichotomous SRS1/2 classification simplifies analysis, but
the groupings are drawn by bisecting what appears to be a unimodal
distribution (4). This suggests that the SRS classification reflects two
extremes of a continuously varying underlying biological process.

This move from the identification of subgroups to the detection of
continuous “treatable traits” within clinical populations has become a
major focus of work in other fields (13); we, and many others, would
argue that sepsis research is in particular need of these new approaches
(2). Going further, it is very plausible that any physiological process
that is active in a large proportion of patients with sepsis will also be
active in some patients with severe sterile injury. As with other
therapeutic approaches in critical care medicine, new treatable traits
may be generalizable across critical illnesses.

If the information necessary to predict response to a given
therapy is present in measured clinical variables, or in the whole-
blood transcriptome, then detecting it becomes entirely a matter of
data analysis. With current techniques, huge numbers of patients
will be needed to overcome signal/noise ratios. Integration of
transcriptomic signatures with genetic associations (14) may enable
more efficient detection of key underlying processes. Ultimately,

Gene expression
patterns reflecting a 
treatable trait  

Heterogeneous
critically ill
population

Targeted therapies
alone or in
combination 

Figure 1. Deep phenotyping in practice. In a heterogeneous population, composite gene expression signals, either alone or in combination with clinical
and other observations, may predict net benefit from a particular therapy. In reality, it is very likely that some patients will belong to multiple endotypes
(indicated by colors on the image).
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these approaches may identify new, specific drug targets to modulate
the host response to critical injury (15), and actionable estimates of
individual treatment effect for critically ill patients. n
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Cardiopulmonary Exercise Testing: Another Tool in the
Prognostication Tool Kit for Cystic Fibrosis

Survival for individuals with cystic fibrosis (CF) is improving over
time, but progressive respiratory failure remains the number one
cause of death for individuals with CF (1). Historically, FEV1 ,30%
of the predicted value has prompted discussions in CF clinics about
the potential need for lung transplantation (LTx) (2, 3). However,
survival with advanced lung disease is increasing over time, with a

recent estimate of median survival of 6.6 years after FEV1 ,30% in
the United States (3–6). Despite the improved survival times for
individuals with FEV1 ,30%, rates of death in the United States are
approximately 10% per year after this lung function threshold is
reached (6). Although FEV1 has been shown to have a strong and
consistent association with death or LTx in CF, there are other
predictors as well, including malnutrition, hypoxemia, hypercarbia,
pulmonary hypertension, increased frequency of exacerbations or
hospitalizations, sputum culture positive for Burkholderia cepacia,
massive hemoptysis, and reduced 6-minute-walk test distance (3, 4,
7–11). Despite these data, estimating the time until death or LTx in
patients with CF is exceedingly difficult, and care teams need more
and better tools to prognosticate in this patient population.

In this issue of the Journal, Hebestreit and colleagues (pp. 987–
995) present a multicenter, international, retrospective study of
clinically indicated cardiopulmonary exercise testing (CPET) for
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