EDITORIAL

The Role Played by Exacerbations in the Natural History
of Chronic Obstructive Pulmonary Disease
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The clinical course of chronic obstructive pulmonary
disease (COPD) includes frequent episodes of increased
severity of symptoms, commonly referred to as
exacerbations. At first, such episodes of clinical instability
were considered mere epiphenomena in the natural history
of COPD. However, recent evidence indicates that, quite
to the contrary, exacerbations have a negative effect on
disease progression. This challenge to the historical position
has come about because of a shift in how we conceive the
natural history of COPD—now seen not simply as chronic
airflow limitation but rather as a complex and
multidimensional disease in which inflammation plays a
significant etiopathogenic role.

By the middle of the 20th century smoking was known
to be associated with increased bronchial mucosal secretion.
It was also known that smokers with chronic bronchitis
had lowered defenses that resulted in colonization and
infection of the lower airway. The so-called “British
hypothesis” relied on these observations in suggesting that
the fact that only some smokers developed COPD was
attributable to chronic bronchial hypersecretion and
recurrent respiratory infections.! In order to test this
hypothesis, Fletcher et al*> conducted a study which
demonstrated that the presence of symptoms of chronic
hypersecretion in the absence of airway obstruction—now
classified as COPD stage O in the Global Initiative for
Chronic Obstructive Lung Disease (GOLD)? severity
classification—was a benign situation that did not
necessarily progress to COPD. The same conclusion was
drawn, moreover, with regard to recurring respiratory
infections. Ever since these results were published,
infections—and consequently, exacerbations—have
generally been viewed as transient periods of clinical
instability that have no repercussions on the progression
of COPD. The study by Fletcher et al did not simply
challenge the British hypothesis: it also defined a natural
history model for COPD that was widely accepted for
decades. According to the scheme proposed by these
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authors, COPD is characterized by an accelerated loss of
lung function. As forced expiratory volume in 1 second
(FEV,) decreases, the characteristic symptoms of the
disease appear, leading to a deterioration in health-related
quality of life, the development of respiratory failure, and
ultimately, premature death. Some 3 decades after this
study, however, we know that COPD is rather more
complicated. It is now understood to be a chronic
inflammatory disease, in which a number of components
participate, both pulmonary and systemic.* The systemic
manifestations—most importantly, cardiovascular and
nutritional alterations—can affect COPD prognosis
independently of FEV .36 This undoubtedly poses new
conceptual and therapeutic challenges. The etiopathogeny
of the disease is mediated by the presence of an anomalous
inflammatory response which may persist in ex-smokers.’
Lung inflammation typically progresses in line with the
course of disease® and there is also a switch from an innate
immune response in the initial stages to an adaptive one
in advanced stages.® Recent findings also indicate that
COPD is characterized by systemic inflammation that
progresses over time.>!” Given this new conceptual
perspective, it is appropriate to review the influence of
exacerbations on the natural history of COPD.
Although there is a wide variety of exacerbation
mechanisms, almost all episodes are accompanied by an
increase in airway inflammatory response. Elevated
neutrophil counts have been observed during exacerbations,
both in sputum and in alveolar lavage fluid.!"!? Likewise,
increases have also been observed in a number of
inflammatory markers, such as interleukins 6 and 8,
endothelin 1, leukotriene B4, and neutrophil elastase.!*!3
As exacerbations resolve, the levels of these markers
decrease.!> Nonetheless, there is debate over whether there
is areversion to the pre-exacerbation baseline situation or
whether the inflammation persists to a greater or lesser
degree. In studies of a cohort of patients with COPD in
London (East London Study), it was observed that, during
periods of stability, cases with a history of frequent
exacerbations had a greater bacterial load,'s greater airway
inflammation,'* and accelerated decline in FEV (estimated
as 8 mL/year and representing a loss of close to 25%).!"18
It has also recently been observed, in regard to patients
with stable COPD, that there is an association between
the presence of respiratory syncytial virus in the sputum,
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airway inflammation, a greater bacterial load, and an
accelerated fall in FEV,." These results, pointing as they
do to a link between chronic persistent airway infection,
local inflammation and progression of the disease, suggest
a certain inconsistency with the results of the study by
Fletcher et al.? That study included smokers with and
without airflow limitation, whereas the studies that link
infection with deteriorated lung function only evaluated
patients with COPD; they consequently observed greater
effects with the advance of the disease or the occurrence
of repeated exacerbations. It is therefore likely that the
influence of exacerbations depends on the stage of the
disease. The Copenhagen City Heart Study® confirmed
that patients at GOLD stage 0 (ie, with chronic cough and
sputum production but no airway obstruction) did not
necessarily progress to COPD; this was also a conclusion
of the study by Fletcher et al.2 Nonetheless, in more
advanced stages of COPD, mucosal hypersecretion is
associated with a fall in FEV .2! Furthermore, an increase
in the frequency of airway infections coincides with an
accelerated decline.'”!° Curiously, at GOLD stages 3 and
4, higher percentages of B and T lymphocytes in the
peripheral airway have been reported, and this may, in
fact, reflect an adaptive immune response to a persistent
antigen that may be infectious in nature.® Likewise, a
persistent inflammatory response has been documented
for patients with COPD who had given up smoking.” A
latent infection would imply an increase in the number of
activated T lymphocytes—including memory T cells—
capable of perpetuating chronic inflammation.?
Elevated levels of various markers of systemic
inflammation have been detected during exacerbations.?>?
In a recent study, Hurst et al** observed that the degree of
systemic inflammation is related to the degree of airway
inflammation and the presence of potentially pathogenic
organisms in sputum during exacerbations. The temporal
profile for these inflammatory changes, however, remains
to be established. Nonetheless, an interesting link can be
established between exacerbations and a range of systemic
manifestations if systemic inflammation persists, just as
happens with pulmonary inflammation. In patients with
COPD who present high concentrations of C-reactive
protein (a systemic inflammation marker), the risk of a
cardiovascular event is considerably increased.?*
Curiously, cardiovascular morbidity also rises in the
peri-exacerbation period. It has been demonstrated very
recently that, independently of the main confounders,
C-reactive protein may even be a predictor of mortality.?
A number of studies have pointed to a noticeable increase
in mortality after hospitalization.?®?® Connors et al?¢
observed that patients who required admission as a
consequence of COPD exacerbations had a hospital
mortality rate of 11%; for those who survived
hospitalization, the mortality rate at 1 year was 43%. Lower
mortality rates have been found in subsequent studies of
patients with less serious COPD; for example, mortality
rates at 1 year and at 2 years for a Spanish series were
22% and 36%, respectively.” These results would indicate
that the main determinant of death following hospitalization
is the baseline severity of the disease. In other words, the
more severe the COPD, the greater the likelihood of
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hospitalization and the greater the risk of death.
Nonetheless, since we have frequently observed patients
with severe COPD who do not present exacerbations and
who have not demonstrated a high mortality risk, it may
be that it is the exacerbations themselves that indicate a
poorer prognosis. We recently concluded a study aimed
at analyzing the influence of exacerbations treated in
hospital (in emergency department and admitted patients)
on survival in COPD.?” The main findings show that
requiring hospital care during an exacerbation behaves as
an independent predictor of poorer prognosis regardless
of the baseline severity of COPD; in other words, mortality
increases significantly as the frequency and severity of
exacerbations increase. The risk of death doubled for
patients with 1 or 2 exacerbations a year in comparison
with patients with no exacerbations and quadrupled for
patients with 3 or more exacerbations a year. Exacerbation
severity was also related to mortality, in that the mortality
rate in cases requiring admission to hospital was greater
than in cases treated in an emergency department. In our
opinion, these results—particularly if confirmed by further
studies—offer a new perspective on COPD, namely, that
treatments to reduce the severity or frequency of severe
exacerbations may also reduce mortality during these
episodes.

Further underlining the need to reduce the severity of
exacerbations is the fact that noninvasive mechanical
ventilation has been shown to reduce in-hospital mortality,*
although it has to be conceded that long-term results in
this respect are inconclusive.’' As for prevention, the
frequency of exacerbations can be reduced to a greater or
lesser degree by a number of treatment approaches: inhaled
corticosteroids, long-acting bronchodilators, influenza
vaccinations, rehabilitation, physical activity, antioxidants,
etc. Of these treatments, inhaled corticosteroids have been
the most studied, probably because of their anti-
inflammatory action. A number of studies have documented
areduction of around 25% in the number of exacerbations
with inhaled corticosteroid use; furthermore this reduction
is associated with a significant improvement in quality of
life.> A recent meta-analysis of a database of 5000 patients
enrolled in different clinical trials indicated that these
drugs could have a beneficial effect on survival despite
their limited effect on lung function.** Combined use in
the same inhaler of a long-acting f3,-agonist and a
corticosteroid has been demonstrated to produce better
results than monotherapy; the synergistic action of the 2
drugs produces improvements not only in lung function
but also in symptoms, quality of life, and exacerbations.?*33
More specifically, combined treatment has been shown to
reduce the number of exacerbations by around 25%—and
by up to 40% for exacerbations that require treatment with
systemic steroids. This improvement can be assumed to
have a beneficial effect on survival *** Preliminary results
have recently been reported for the TORCH study of around
6200 patients with moderate or severe COPD.* The main
aim of this study was to evaluate the effect of combined
treatment (salmeterol plus fluticasone) on mortality. In
the group of patients administered this treatment, mortality
was reduced by 17.5% (P=.052). The conclusion was that
the combined treatment would improve survival rates for
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at least a large number of patients with the disease. If this
is the case, this would be the first pharmacological treatment
capable of modifying the natural history of COPD. The
precise mechanisms underlying the improvement in survival
rates are still unclear; that said, in view of the arguments
above, a possible mechanism may be the reduction in the
number of exacerbations. Since other drugs—for example,
tiotropium—have likewise been demonstrated to
significantly reduce the number of exacerbations, these
could also be expected to have a beneficial effect on
survival.’” Regular physical activity has also recently been
associated with reduced COPD mortality, perhaps because
it significantly reduces the likelihood of hospitalization.?
It is also necessary to emphasize the importance of
eradicating the germ that causes exacerbations or persistent
inflammation. Some studies indicate that eradication of
the germ reduces inflammation,* and this undoubtedly
has implications for disease progression. Finally, a
potentially good treatment strategy is to combine all these
resources, given that—in specific intervention programs
for selected patients—this approach has been shown to
substantially reduce hospitalization rates.**4!

In conclusion, the abandonment of the traditional concept
of COPD and an acknowledgment of the complexity and
multidimensionality of the disease opens up new, promising
prospects. In particular, exacerbations appear to play a
much more relevant role than has previously been assumed;
should results from observational studies on the progression
of COPD and the corresponding mortality be confirmed,
then exacerbations should be prioritized as a therapeutic
target.

REFERENCES

1. Fletcher CM. Chronic bronchitis, its prevalence, nature and
pathogenesis. Am Rev Respir Dis. 1959;80:483-94.

2. Fletcher CM, Peto R, Tinker C, Speizer FE. The natural history of
chronic bronchitis and emphysema. New York, Toronto: Oxford
University Press; 1976.

3. Pauwels RA, Buist AS, Calverley PM, Jenkins CR, Hurd SS. Global
strategy for the diagnosis, management, and prevention of
chronic obstructive pulmonary disease: NHLB/WHO Global initiative
for chronic obstructive lung disease (GOLD) workshop summary.
Am J Respir Crit Care Med. 2001;163:1256-76.

4. Celli BR, MacNee W. Standards for the diagnosis and treatment of
patients with COPD: a summary of the ATS/ERS position paper.
Eur Respir J. 2004;23:932-46.

5. Soler JJ, Sanchez L, Martinez MA, Roman P, Salcedo E, Navarro
M. Mid-arm muscle area is a better predictor of mortality than body
mass index in COPD. Chest. 2005;128:2108-15.

6. Schols AMWI, Broekhuizen R, Weling-Scheepers CA, Wouters EF.
Body composition and mortality in chronic obstructive pulmonary
disease. Am J Clin Nutr. 2005;82:53-9.

7. Willemse BWM, ten Hacken NHT, Rutgers B, Lesman-Leegte IGAT,
Postma DS, Timens W. Effect of 1-year smoking cessation on airway
inflammation in COPD and asymptomatic smokers. Eur Respir J.
2005;26:835-45.

8. Hogg JC, Chu F, Utokaparch S, Woods R, Elliot WM, Buzatu L, et
al. The nature of small-airway obstruction in chronic obstructive
pulmonary disease. N Engl J Med. 2004;350:2645-53.

9. Sin DD, Man SF. Skeletal muscle weakness, reduced exercise
tolerance, and COPD: is systemic inflammation the missing link?
Thorax. 2006;61:1-3.

10. Donaldson GC, Seemungal TAR, Patel IS, Bhowmik A, Wilkinson
TMA, Hurst JR, et al. Airway and systemic inflammation and decline
in lung function in patients with COPD. Chest. 2005; 128:1995-2004.

11. Balbi B, Bason C, Balleari E, Fiasella F, Pesci A, Ghio R, et al.
Increased bronchoalveolar granulocytes and granulocyte/macrophage
colony stimulating factor during exacerbations of chronic bronchitis.
Eur Respir J. 1997;10:846-50.

12. Tsoumakidou M, Tzanakis N, Chrysofakis G, Kyriakou D, Siafakas
NM. Changes in sputum T-lymphocytes subpopulations at the onset
of severe exacerbations of chronic obstructive pulmonary disease.
Respir Med. 2005;99:572-9.

13. Bhowmik A, Seemungal TAR, Sapsford RJ. Relation of sputum
inflammatory markers to symptoms and lung function changes in
COPD. Thorax. 2000;55:114-20.

14. Roland M, Bhowmik A, Sapsford RJ, Seemungal TA, Jeffries DJ,
Warner TD, et al. Sputum and plasma endothelin-1 levels in
exacerbations of chronic obstructive pulmonary disease. Thorax.
2001;56:30-5.

15. Gompertz S, O’Brien C, Bayley DL, Hill SL, Stockley RA. Changes
in bronchial inflammation during acute exacerbations of chronic
bronchitis. Eur Respir J. 2001;17:1112-9.

16. Patel IS, Seemungal TAR, Wilks M, Lloyd-Owen SJ, Donaldson
GC, Wedzicha JA. Relationship between bacterial colonisation and
the frequency, character, and severity of COPD exacerbations. Thorax.
2002;57:759-64.

17. Donaldson GC, Seemungal TAR, Bhowmik A, Wedzicha JA.
Relationship between exacerbation frequency and lung function
decline in chronic obstructive pulmonary disease. Thorax. 2002;
57:847-52.

18. Wilkinson TA, Patel IS, Wilks M, Donaldson GC, Wedzicha JAL.
Airway bacterial load and FEV1 decline in patients with chronic
obstructive pulmonary disease. Am J Respir Crit Care Med. 2003;
167:1090-5.

19. Wilkinson TMA, Donaldson GC, Johnston SL, Openshay PIM,
Wedzicha JA. Respiratory syncytial virus, airway inflammation, and
FEV1 decline in patients with chronic obstructive pulmonary disease.
Am J Respir Crit Care Med. 2006;173:871-6.

20. Vestbo J, Lange P. Can GOLD stage 0 provide information of
prognostic value in chronic obstructive pulmonary disease? Am J
Respir Crit Care Med. 2002;166:329-32.

21. Vestbo J, Prescott E, Lange P, and the Copenhagen City Heart Study
Group. Association of chronic mucus hypersecretion with FEV1
decline and COPD morbidity. Am J Respir Crit Care Med.
1996;153:1530-5.

22. Noguera A, Malo O, Sauleda J, Busquets X, Miralles C, Agusti AGN.
Inflamacién sistémica durante las agudizaciones de la enfermedad
pulmonar obstructiva crénica. Arch Bronconeumol. 2002;38:172-6.

23. Hurst JR, Perera W, Wilkinson TM, Donaldson GC, Wedzicha JA.
Systemic and upper and lower airway inflammation at exacerbation
of chronic obstructive pulmonary disease. Am J Respir Crit Care
Med. 2006;173:71-8.

24. Sin DD, Man SF. Why are patients with chronic obstructive pulmonary
disease at increased risk of cardiovascular disease? The potential
role of systemic inflammation in chronic obstructive pulmonary
disease. Circulation. 2003;107:1514-9.

25. Man SFP, Connet JE, Anthonisen NR, Wise RA, Tashkin DP, Sin
DD. C-reactive protein and mortality in mild to moderate chronic
obstructive pulmonary disease. Thorax. 2006;61:849-53.

26. Connors AF, Dawson NV, Thomas C, Harrell FE, Desbiens N,
Fulkerson W1, et al. Outcomes following acute exacerbation of severe
chronic obstructive lung disease. Am J Respir Crit Care Med.
1996;154:959-67.

27. Almagro P, Calbo E, Ochoa de Echagiien A, Barreiro B, Quintana
S, Heredia JL, et al. Mortality after hospitalization for COPD. Chest.
2002;121:1441-8.

28. Groenewegen KH, Schols AMWJ, Wouters E. Mortality and mortality-
related factors after hospitalization for acute exacerbation of COPD.
Chest. 2003;124:459-67.

29. Soler-Cataluiia JJ, Martinez-Garcia MA, Roméan Sanchez P, Salcedo
E, Navarro M, Ochando R. Severe acute exacerbations and mortality
in patients with chronic obstructive pulmonary disease. Thorax.
2005;60:925-31.

30. Lightowler JV, Wedzicha JA, Elliot MW, Ram FS. Non-invasive
positive pressure ventilation to treat respiratory failure resulting from
exacerbations of chronic obstructive pulmonary disease: Cochrane
systematic review and meta-analysis. BMJ. 2003; 326: 185-9.

Arch Bronconeumol. 2007;43(2):2007;43(2):55-8 57



31.

32.

33.

34.

35.

36.

58

SOLER CATALUNA JJ. THE ROLE PLAYED BY EXACERBATIONS IN THE NATURAL HISTORY
OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE

Plant PK, Owen JL, Elliot MW. Non-invasive ventilation in acute
exacerbations of chronic obstructive pulmonary disease: long term
survival and predictors of in-hospital outcome. Thorax. 2001; 56:708-
12.

Alsaedi A, Sin DD, McAlister FA. The effects of inhaled
corticosteroids in chronic obstructive pulmonary disease: a systematic
review of randomised placebo-controlled trials. Am J Med.
2002;113:59-65.

Sin DD, Wu L, Anderson JA, Anthonisen NR, Buist AS, Burge PS,
et al. Inhaled corticosteroids and mortality in chronic obstructive
pulmonary disease. Thorax. 2005;60:992-7.

Calverley P, Pauwels R, Vestbo J, Jones P, Pride N, Gulsuik A, et
al. Combined salmeterol and fluticasone in the treatment of chronic
obstructive pulmonary disease: a randomised controlled trial. Lancet.
2003;361:449-56.

Szafransky W, Cukier A, Ramirez A, Menga G, Sansores R,
Nahabedian S, et al. Efficacy and safety of budesonide/formoterol
and formoterol in chronic obstructive pulmonary diseases. Eur Respir
J.2003;22:912-8.

Ferguson T, Calverley PMA, Anderson JA, Celli B, Jenkins C,
Jones PW, et al. The TORCH (TOwards a Revolution in COPD
Health) study: salmeterol/fluticasone propionate (SFC) improves

Arch Bronconeumol. 2007;43(2):55-8

37.

38.

39.

40.

41.

survival in COPD over three years. Eur Respir J 2006; 28: Suppl.
50, 34s

Niewoehner DE, Rice K, Cote C, et al. Prevention of exacerbations
of chronic obstructive pulmonary disease with tiotropium, a once-
daily inhaled anticholinergic bronchodilator: a randomized trial. Ann
Intern Med. 2005;143:317-26.

Garcia-Aymerich J, Lange P, Benet M, Schnohr P, Anté JM. Regular
physical activity reduces hospital admission and mortality in chronic
obstructive pulmonary disease: a population-based cohort study.
Thorax. 2006;61:772-8.

White AJ, Gompertz S, Bayley DL, Hill SL, O’Brien C, Unsal I, et
al. Resolution of bronchial inflammation is related to bacterial
eradication following treatment of exacerbations of chronic bronchitis.
Thorax. 2003;58:680-5.

Soler JJ, Martinez-Garcia MA, Romén P, Orero R, Terrazas S,
Martinez-Pechuan A. Eficacia de un programa especifico para
pacientes con EPOC que presentan frecuentes agudizaciones. Arch
Bronconeumol. 2006;42:501-8.

Domingo C, Sans-Torres J, Sola J, Espuelas H, Marin A. Efectividad
y eficiencia de una consulta monografica hospitalaria para pacientes
con EPOC e insuficiencia respiratoria. Arch Bronconeumol.
2006;42:104-12.



