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“Measure what is measurable, and make measurable what is not so.”
Galileo Galilei (1564–1642)

The Age of Enlightenment reminded humans of the importance of critical and innovative thinking that
had been lost during the middle ages. The cited phrase of Galileo is very appropriate when referring to the
field of exacerbations of chronic obstructive pulmonary disease (COPD).
In 1821, almost 200 years ago, René Laennec wrote the following regarding emphysema, or what we today
call COPD, “The disease can begin in infancy, and continue for many years. More often cough with
mucous catarrh that worsens in winter and in the mornings. Often accompanied by difficult respiration,
might end fatally by suffocative catarrh. Once present, dyspnea is constant, worsened by anxiety and
exercise and above all by development of acute catarrh” [1]. In addition to the very accurate progression of
COPD (citing, for example, that the disease could begin in infancy [2, 3]), this summary included the
oldest description I could find of exacerbations, when he introduced the term “acute catarrh” as an event
that worsened the already present perception of dyspnoea. In addition, he correctly stated that the process
is accompanied by difficult ventilation that can be fatal when the catarrh ends in suffocation (respiratory
insufficiency). The recent European Respiratory Society/American Thoracic Society guidelines on the
management of COPD exacerbations [4] define exacerbations as “episodes of increasing respiratory
symptoms, particularly dyspnoea, cough and sputum production, and increased sputum purulence”. It is
amazing that in the era of high-throughput technology and personalised medicine, the definition has not
only not changed, but rather decreased in its content, not differentiating between the “acute” and the
“suffocative” catarrh described by Laennec almost 200 years ago.

It is in this context, that the pilot study by NOELL et al. [5] in this issue of the European Respiratory
Journal is novel. They not only followed Galileo’s axiom, quantifying 69 variables including clinical,
routine laboratory, microbiological, cytokines and imaging, but also analysed them over time (within 72 h
of hospitalisation and 3 months after discharge) using system network analysis. This integrative technique
helps organise and represent visually the relationship between the variables studied without a preconceived
hypothesis that could bias the results. The novel use of network analysis has been informative in
describing the relationship between COPD and comorbidities [6, 7], and the potential role of a B-cell
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immune response in emphysema [8]. This editorial attempts to place in perspective the two main findings
reported in this pilot study.

Interpreting the network analysis
The first observation is that during the acute phase of hospitalisation (first 72 h) for an exacerbation, there
is a disruption of the organisational interaction that exists amongst all of the clinical and biological
variables grouped in modules, compared to that observed after 3 months of recovery. In an analogy, think
of it as the chaos that ensues when an initial stroke of the white cue ball hits the well-organised group of
numbered balls arranged as a triangle on a pool table. It takes a while for the system to achieve a new
steady state with a discernible organisational pattern. The same could be said of the crash of the stock
market in 2008 that generated chaos in the relationship among commodities, stocks, funds and different
economic variables. It took significant efforts to bring back the system with a new relationship being
established amongst the different financial structures. In the example of the pool table, some balls
disappear into the pockets, while those left on the table achieve a new relationship that could not be
determined easily while the balls were rolling in different directions. In the financial crisis example, the
disruption of several market hubs (London, UK; New York, NY, USA; and Frankfurt, Germany) caused
profound alterations in the structural relationship amongst all financial centres of the world, leading to a
period of disrupted homeokinesis with important repercussions for everybody’s financial health. In the
study by NOELL et al. [5], a similar phenomenon was observed; for example, the modules expressing lung
function, which were well connected to those of cytokine expression of inflammation, were disrupted,
losing connectivity amongst themselves (such as the practical analogies given above) and becoming
isolated from one another (disrupted homeokinesis). However, there are several limitations to their study
that render a full interpretation of the results difficult: 1) only the recovery phase at 3 months was studied
and this was labelled as the stable state, when in reality the baseline organisational structure of the
modules was never measured because there was no evaluation that preceded the exacerbations; 2) The
number of patients was relatively small and limited to those admitted to the wards with very few
comorbidities, therefore not allowing for comparison with more severe and less severe exacerbations; and
3) there were no “control” patients with COPD without exacerbations or patients without COPD that
could serve as the comparators for the purpose of establishing the “normal” or “stable COPD” networks.
However, this report provides a push to conduct prospective studies using these novel integrative analytical
techniques to provide insights into the effect of interventions on the pattern of response. For example, if
the network, with its modules and their relationship, is identified at baseline, then we may evaluate the
differential expression of the changes of the network and the modules that may be induced by the
administration of antibiotics or corticosteroids, to mention just the currently used medications. Or, if
central hubs were identified, how could they be perturbed to more rapidly return to the stable equilibrium
or to prevent future episodes of exacerbations? This field is ripe for research [9, 10].

Towards an objective taxonomy of exacerbations
The second set of findings is more conventional but no less interesting and informative, and should help
us revisit the definition of exacerbations. Besides the presence of cough and sputum in different degrees,
the authors observed, in agreement with Laennec, that during the acute phase of the event, there was a
measurable increase in the perception of dyspnoea. This finding has been constant when it has been
evaluated prospectively using a dairy card overtime [11] or using a visual analogue scale at the initial
encounter in the emergency ward, as was done by PINTO-PLATA et al. [12]. In the latter case, the threshold
value for an exacerbation was established as 4 on a scale of 0–10, which is very similar to the value of 3
measured by NOELL et al. [5]. Not discussed in detail, but available in the table 2 of the same study, the
respiratory rate was higher during the acute phase of the event, a finding that has been reported by others
[12, 13]. Importantly, several studies have shown a large increase in the serum levels of C-reactive protein
(CRP) during the event [14–18] and the levels reached are directly related to the severity of the
exacerbations [19]. Although in the current report, the threshold value was that of 3 mg·L−1, most of the
studies provide values that are generally >10 mg·L−1. Adding an elevated serum CRP level to symptoms
increases the predictive power for exacerbations with areas under the receiver operating characteristic curve
>0.8 [15–17], considered as clinically useful to predict outcomes. Even though the study by HURST et al.
[17] showed no relationship between CRP level and exacerbation severity, only three of the 90 patients
reported in that study were admitted to the hospital, suggesting that the events were mild in nature. Other
studies have shown a significantly higher CRP in patients admitted compared to those not admitted to
health facilities [16, 19], supporting a relationship between CRP levels and exacerbation severity. Finally,
the presence of a high proportion of neutrophils, as seen in the study by NOELL et al. [5] or white blood
cell count, as shown in other studies have been useful in identifying exacerbations.
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It is a fact that the diagnosis of COPD exacerbations based on symptoms only can be confused with other
acute events such as pneumonia, pulmonary embolism (PE) or congestive heart failure [20]. However, a
good clinical assessment and judicious use of laboratory tests can help decrease the potential confusion
with those entities. The absence of infiltrates on the chest radiograph (as in this study) should rule out
pneumonia [21]. A negative D-dimer in a patient with low risk for PE or, better yet, a negative computed
tomography angiogram (frequently performed on dyspnoeic patients in the emergency room) rules out a
pulmonary embolism [22, 23]. Finally a negative troponin or a value of B-type natriuretic peptide
<400 pg·mL−1 makes heart disease an unlikely cause of symptoms [24–26].

We should learn from the advances provided by the evolution of the natural history of coronary artery
disease (CAD) [27, 28]. A parallel approach to exacerbations of COPD, shown in table 1, is currently
possible as was suggested in this journal in 2007 [29]. CAD is similar to COPD in that it has a long
asymptomatic phase in which preventive therapy is effective. Once detected, the disease may be stable and
treated as such. In COPD, at a certain point in time, the disease may become more unstable and
symptoms worsen; this clinical syndrome could be named “unstable COPD” akin to the “unstable angina”
of decompensated patients with CAD. This should prompt modifications in therapy and more careful
follow up. If the decompensation is associated with intense dyspnoea (>4 using a 0–10 scale), worse cough
and sputum, tachypnoea (>24 breaths per min), fever, and elevated white cell count (>9000 cells per mm3)
and CRP (>10 mg·L−1), without evidence of infiltrates in the chest radiography, and negative laboratory
tests supportive of other aetiologies, the syndrome could be defined as “exacerbation”, or “chest attack” to
make it more user friendly, akin to the myocardial infarction or “heart attack” of CAD. Finally, if the same
syndrome is accompanied by hypoxaemia [30] with or without elevation of carbon dioxide tension in the
arterial blood, the syndrome is defined as “ventilatory failure”, akin to the “cardiogenic shock” in CAD.
These definitions have the advantage of being practical and of providing a clear guide to clinicians and for
the planning of clinical trials. For the clinician, “unstable COPD”, although symptomatic, is associated
with a low probability of mortality, as has been shown in several prospective trials [31, 32], and therefore
could be treated in the ambulatory setting. For the researcher, the different exacerbation states would allow
a better planning of trials directed at the specific severity, decreasing the gunshot approach now used.

It is time we stop defining a COPD exacerbations only by its symptoms. The tools are available to be more
precise and following the guidance provided by Galileo >300 years ago, to measure what is measurable and
make measurable what is not. As supported by NOELL et al. [5] in this pilot work and that of many others
before them, we can all push this field forward.

TABLE 1 Analogous to the definitions used for the different acute events in the course of
coronary artery disease (CAD), the different acute events of the course of chronic obstructive
pulmonary disease (COPD) can be defined using simple, currently available tools

CAD COPD

Unstable angina Unstable COPD
Worsening chest pain
ECG: no myocardial infarction
No laboratory evidence of injury

Worsening dyspnoea, VAS <4
No decrease in baseline O2 saturation
Respiratory rate <24 breaths per min
Heart rate <95 beats per min
CRP <10 mg·L−1

Myocardial infarction (heart attack) Exacerbation (chest attack)
Chest pain
Abnormal ECG
Abnormal serum enzymes (troponin)

Dyspnoea, VAS ⩾4
O2 desaturation <4% below that of stable state
No pneumonia on radiography
CRP >10 mg·L−1

WBCs ⩾9000 cells per mm3

BNP <400 pg·mL−1

D-dimer negative
Cardiogenic shock Respiratory failure
Same syndrome plus shock Same as above plus hypercapnia

PaCO2 >45 mmHg

These definitions can be further improved as more specific biomarkers are validated. VAS: visual analogue
scale (0–10); CRP: C-reactive protein; WBC: white blood cell; BNP: B-type natriuretic peptide; PaCO2:
arterial carbon dioxide tension. Information from [27].
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