
Next to a possible biomarker function, another advantage of
gene expression signatures in blood, sputum, nasal brushes, or
samples from lower airways or lung parenchyma is that they also
provide insights in pathobiological mechanisms associated with
COPD and COPD-associated traits, which could potentially lead to
discovery of novel treatment targets. In the case of the study byMoll
and colleagues, blood transcriptional risk score genes were enriched
for pathways related to PPAR-a (peroxisome proliferator-activated
receptor a) signaling and B-cell activation, which are possibly
involved in COPD susceptibility and lung function decline.

In conclusion, gene expression profiling is a promising tool for the
development of clinically relevant biomarkers in lung diseases like COPD
and can reveal novel treatment targets leading to to improved
personalized treatment of the disease. The data published byMoll and
colleagues in this issue of the Journal provide an excellent example of a
clinically relevant biomarker that can be easily and noninvasively
assessed.�
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Repurposing Propofol as a Prognostic Probe for Return of
Consciousness

There is a growing realization that behavioral and neurophysiologic
responses to general anesthesia can provide useful information

regarding underlying brain health. For example, in response to
concentrations of propofol or ether-derived inhaled anesthetic agents
(e.g., sevoflurane and isoflurane) associated with loss of
consciousness, people with healthy brains often have prominent
anterior electroencephalographic a and u spindles, which exhibit
phase–amplitude coupling with slow d waves (1). In contrast, surgical
patients with preexisting cognitive impairment often fail to develop
these typical, prominent anterior electroencephalographic spindles in
response to propofol or inhaled general anesthetics (2). Furthermore,
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in patients with underlying neurologic vulnerability who experience
postoperative delirium, electroencephalographic suppression tends to
occur at relatively low concentrations of anesthetic agents (3, 4).
General anesthetic agents might therefore be viewed as a neural stress
test revealing brain health or vulnerability that might not otherwise be
overtly manifest.

In this issue of the Journal, Duclos and colleagues (pp. 171–182)
present results from a small clinical study in which they administer
propofol to 12 patients who are in a minimally conscious state or
who have unresponsive wakefulness syndrome, previously referred to
as a persistent vegetative state (5). The idea behind this study is that
the function and integrity of certain brain networks can be inferred
by analyzing data from a combination of electroencephalographic
channels. Propofol typically causes disruption of certain networks,
which have been proposed to undergo adaptive reconfiguration, or in
other words, a reorganization of functional connections that might
help preserve overall network homeostasis. The authors leverage this
concept, which has been demonstrated in both awake individuals
performing a task and in the spontaneous activity of the anesthetized
brain. They propose the adaptive reconfiguration index as a surrogate
for network resilience; when there is little change in network
configuration on exposure to propofol, the index is low, and when
brain networks respond like that of a healthy individual, the index is
high (5). Interestingly, three patients who had high adaptive
reconfiguration indices in response to propofol all fully regained
consciousness within three months. None of the patients with low
adaptive reconfiguration indices regained consciousness. The
intriguing hypothesis emerges that the combination of propofol with
a readily derived, standard 18-channel–based electroencephalographic
index can be used as a pragmatic, bedside prognosticator in the ICU
for patients in a minimally conscious state (5).

Adaptive reconfiguration of brain networks during general
anesthesia was first proposed on the basis of a study of propofol in
healthy volunteers (6). Despite clear changes in functional
connectivity in the anesthetized state, large-scale EEG-based networks
still maintained a hub-like organization, much like a network of
airports (6). It was later found that this preservation of global
organization was likely driven by a reconfiguration of network hubs
in the brain, with a reversal of posterior and anterior areas with rich
functional connectivity (7). Returning to the airport analogy, it would
be as if the major hub airport inMichigan shifted rapidly from
Detroit to Lansing—the general type of network organization would
be the same (there would still be a hub airport and a more local one),
but the location of the high-traffic hub areas would be different. Such
a shift in airport hubs would no doubt lead to different patterns or
directions of air travel. Similarly, by using the more principled
approach of computational modeling, it was found that the location
of the functional hubs in the brain define the directionality of
functional connectivity (8). In a past case report by some of the
authors on the study and us, it was found that propofol induced the
same characteristic shifts in hub location and directional connectivity
in a patient with unresponsive wakefulness syndrome as it typically
did in healthy volunteers (9). This was unexpected, but even more
surprising was that this patient recovered, prompting the question of
whether a reconfiguration of hub topology while he was still
unconscious indicated that his brain networks were still healthy
enough to respond flexibly.

Duclos and colleagues have now addressed this question in a
larger patient cohort, demonstrating the further promise of using

propofol to probe the response and resiliency of brain networks in
patients with pathological states of unconsciousness (5). Although the
adaptive reconfiguration index was 100% accurate in this study in
predicting the return of full consciousness within three months, this
finding should still be regarded as preliminary because only 3 of 12
patients regained full consciousness in the time frame of interest (5).

Importantly, the adaptive reconfiguration index is only
informative in the context of a brief and reversible brain perturbation,
leading to network disruption and allowing network reconfiguration.
Such perturbation is reliably provided by a propofol challenge. The
adaptive reconfiguration index, unlike alternative analytical approaches
such as the perturbational complexity index (10, 11), performs poorly
at diagnosing specific disorders of consciousness. Indeed, the very basis
of a high index is that networks respond in a pathologic state as healthy
individuals do. Thus, the adaptive reconfiguration index is proposed to
have only prognostic rather than diagnostic value. One important
question that is not sufficiently addressed by Duclos and colleagues is
how the adaptive reconfiguration index performs for people who have
covert consciousness, also known as cognitive–motor dissociation (11).
Such individuals are conscious of the world and are aware of
sensations, including pain (11). Hence, they are uniquely vulnerable. In
our quest to alleviate pain and suffering, we would not wish to miss
this diagnosis.

In conclusion, this provocative study provides a striking example
of innovative and safe drug repurposing. Propofol was introduced in
the 1970s as an intravenous sedative and anesthetic agent (12). Today,
it is used extensively and safely for these purposes in operating rooms,
procedural settings, and ICUs. Duclos and colleagues have performed
a small, but rigorous, assessment suggesting that, after 60 years of
rendering millions of people reversibly unconscious, propofol might
now be able to reinvent itself as an oracle that can reliably reveal
whose persistent unconsciousness is reversible and whose is not.�
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Pediatric Pneumonia: Another Problem Plagued by Inequity
in Health Care

Although pediatric pneumonia has decreased substantially in the
advent of improved early-life nutrition, living conditions, vaccinations,
and HIV diagnosis and treatment, it remains a leading cause of
preventable morbidity andmortality among children,5 years of age
(1). The disparate burden of pediatric pneumonia is largely borne by
those living in low- andmiddle-income countries (LMICs), where
there is often a higher prevalence of risk factors for pneumonia in the
face of fewer resources for diagnosis and treatment. Appropriate
identification and timely treatment of severe pneumonia, which is
often complicated by hypoxemia, is critical because of the associated
high risk of morbidity andmortality (2). Treatment of severe pediatric
pneumonia requires systemic access to appropriately trained staff and
life-saving interventions such as antibiotics, supplemental oxygen, and
in themost severe cases, ventilatory support. This remains an unmet
need inmany resource-poor and remote locales.

In this issue of the Journal, Simkovich and colleagues (pp.
183–197) leveraged the resources and infrastructure of the HAPIN
(Household Air Pollution Intervention Network) trial to identify
healthcare facilities that they defined as adequately resourced to
manage severe pediatric pneumonia as part of implementing a
pneumonia surveillance strategy in rural regions of four LMICs—
Guatemala, Peru, Rwanda, and India (3). They defined adequately
resourced healthcare facilities as those that were open daily and had
overnight beds, an available physician, a pulse oximeter, supplemental
oxygen, respiratory support devices, X-ray or ultrasound, and

antibiotics. They surveyed administrative leaders of 350 healthcare
facilities ranging from community centers and health posts to formal
health centers and hospitals in the HAPIN study area, finding that
only 13% of facilities had adequate resources to manage severe
pneumonia, but this varied substantially across regions, from 3% in
Guatemala to 42% in India. Overall, 37% of facilities had pulse
oximeters and 44% had supplemental oxygen, although this also
varied by country. Mean travel times to an adequately resourced
facility were 31–99 minutes, with the shortest in India and the longest
in Peru. Only 43–63% of the study population lived within 30
minutes of a facility that was adequately resourced to care for severe
pneumonia, and 5% of the population in Peru lived outside of a
two-hour travel time.

These findings bring to the forefront yet another example of
the inequity of resource availability to care for highly prevalent,
treatable medical problems worldwide (4, 5). We applaud the
authors for positing a potential intervention to address a step in the
cascade of care for pneumonia diagnosis and treatment (Figure 1).
They propose that universal availability of pulse oximetry could
reduce time to diagnosis of severe pneumonia based on modeling
of travel time to healthcare facilities in the hypothetical situation
that all facilities were supplied with pulse oximetry. Availability
would theoretically reduce time to diagnosis, and, as a result, time
to referral, by 3 minutes in India and up to 19 minutes in Peru. It
is not clear from these data, however, how this might translate to
improved access or reduced time to receipt of appropriate care for
severe pneumonia.

Although pulse oximetry is an easy-to-use, low-cost tool, is its
universal availability sufficient to impact reduction of the
morbidity and mortality of childhood pneumonia on a population
level in diverse settings? Pulse oximetry improved outpatient
diagnosis of pediatric pneumonia that would otherwise have been
missed based on World Health Organization referral guidelines in
a Malawian study (6), but in a Nigerian study, only 19% of
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