
deliver adefinitive trial examiningtheefficacy
of HFCWO.

There is unlikely ever to be a perfect
airway clearance regime. Decisions regarding
the optimal airway clearance regime for
patients are not easy, and are complicated by
the various clinical phenotypes of patients
with CF and the number of options available.
It is probable that all airway clearance
regimes work by different mechanisms to
enhance airflow and reduce mucus viscosity,
both of which are important for optimal
airway clearance.19 Before new devices
become available, research needs to provide
clear evidence that the new device can
achieve enhanced airway flow and changes in
viscosity required for optimal airway clear-
ance. Research also needs to focus on the role
of devices in specific subgroups of patients
(eg, patients with large sputum volumes or
non-productive of sputum) or in specific
situations (eg, in stable disease or during an
exacerbation). There is a high demand on
patients with CF to take part in both phar-
maceutical and non-pharmaceutical studies
so, in order for these physiotherapy trials to
be prioritised in terms of funding and patient
recruitment, the physiotherapy community
needs consensus on what is the best study
design to provide these sources of evidence,
what sample sizes are required, how long
these studies need to be and which outcome
measures are appropriate. Lung function has
been traditionally accepted as the primary
outcome in airway clearance trials. However,
the rate of change in lung function is slowing
so much and is now as low as 1%, so it is
unlikely that future airway clearance trials
will be able to show any clear benefit in
terms of lung function. This has been high-
lighted in a recent European Cystic Fibrosis
Society (ECFS) consensus conference report
on clinical trials which stated that new
alternative outcomes need to be used.20

Physiological measures such as lung clearance

index, cough monitors and sputum viscosity
show promise as outcome measures,
although consensus is needed on stand-
ardising the methodologies for these
outcomes. Data are also needed on what
magnitude of change is needed in these
outcomes to translate into an important
change in a clinical outcome. More emphasis
needs to be put on how best to capture
patients’ experiences of different treatments
in trials (both positive and negative), and data
on adherence will be particularly important.
In conclusion, appropriately designed

trials of adequate size using new alterna-
tive outcomes will ensure that future
airway clearance trials provide us with the
information we need to make informed
decisions on the options for effective
airways clearance techniques.

Competing interests None.

Provenance and peer review Commissioned; not
externally peer reviewed.

Thorax 2010;65:189e190.
doi:10.1136/thx.2009.122663

REFERENCES
1. Flume PA, Robinson KA, O’Sullivan BP, et al. Cystic

fibrosis pulmonary guidelines: airway clearance
therapies. Respir Care 2009;54:522e37.

2. Harris RP, Helfand M, Woolf SH, et al. Current
methods of the US Preventive Services Task Force:
a review of the process. Am J Prev Med
2001;20Suppl 3):P21e35.

3. Clinical guidelines for the physiotherapy management
of cystic fibrosis. January 2002.

4. Bauer ML, McDougal J, Schoumacher RA.
Comparison of manual and mechanical chest
percussion in hospitalized patients with cystic
fibrosis. J Pediatr 1994;124:250e4.

5. Varekojis SM, Douce FH, Flucke RL, et al. A
comparison of the therapeutic effectiveness of and
preference for postural drainage and percussion,
intrapulmonary percussive ventilation, and
high-frequency chest wall compression in
hospitalized cystic fibrosis patients. Respir Care
2003;48:24e8.

6. Cantin AM, Bacon M, Berthiaume Y. Mechanical
airway clearance using the frequencer electro-

acoustical transducer in cystic fibrosis. Clin Invest
Med 2006;29:159e65.

7. Kraig R, Kirkpatrick KR, Howard D, et al. A direct
comparison of manual chest percussion with acoustic
percussion, an experimental treatment for cystic fibrosis
[abstract]. Am J Respir Crit Care Med 1995;151:P738.

8. Kluft J, Beker L, Castagnino M, et al. A comparison
of bronchial drainage treatments in cystic fibrosis.
Pediatr Pulmonol 1996;22:271e4.

9. Warwick WJ, Wielinski CL, Hansen LG.
Comparison of expectorated sputum after manual
chest physical therapy and high-frequency chest
compression. Biomed Instrum Technol 2004;38:470e5.

10. Button BM, Heine RG, Catto-Smith AG, et al.
Postural drainage and gastro-oesophageal reflux in infants
with cystic fibrosis. Arch Dis Child 1997;76:148e50.

11. Campbell AH, O’Connell JM, Wilson M. The effect of
chest physiotherapy upon the FEV1 in chronic
bronchitis. Med J Aust 1975;1:33e5.

12. Naylor JM, Chow CM, McLean AS. Cardiovascular
responses to short term head-down positioning in
healthy young and older adults. Physiother Res Int
2005;10:32e47.

13. Lapin C. Conventional postural drainage and
percussion: is this still the gold standard? Pediatr
Pulmonol 1994;10:P87e8.

14. Czajkowski DR, Koocher GP. Predicting medical
compliance among adolescents with cystic fibrosis.
Health Psych 1986;5:297e305.

15. Darbee JC, Kanga JF, Ohtake PJ. Physiologic evidence
for high-frequency chest wall oscillation and positive
expiratory pressure breathing in hospitalized subjects
with cystic fibrosis. Phys Ther 2005;85:1278e89.

16. Oermann CM, Sockrider MM, Giles D, et al.
Comparison of high-frequency chest wall oscillation
and oscillating positive expiratory pressure in the
home management of cystic fibrosis: a pilot study.
Pediatr Pulmonol 2001;32:372e7.

17. Phillips GE, Pike SE, Jaffe A, et al. Comparison of
active cycle of breathing and high-frequency
oscillation jacket in children with cystic fibrosis.
Pediatr Pulmonol 2004;37:71e5.

18. Osman LP, Roughton M, Hodson ME, et al. Short-
term comparative study of high frequency chest wall
oscillation and European airway clearance techniques
in patients with cystic fibrosis. Thorax
2010;65:196e200.

19. Pryor JA,Main E, Agent P, et al. Physiotherapy. In: Bush
A, Alton EWFW, Davies JC, et al, eds. Cystic fibrosis in
the 21st century. Basel, Switzerland: Progress in
Respiratory Research 2006;24:301e8.
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Novel pulmonary biomarkers in
the diagnosis of VAP
Paul Johnston,1 Danny F McAuley,1,2

Cecilia M O’Kane2

Ventilator-associated pneumonia (VAP) is
reported to occur in up to 20e27% of
mechanically ventilated patients, and
impacts healthcare in terms of patient
morbidity, mortality and expenditure.1e3

The concept of VAP seems straightfor-

warddthat is, alveolar inflammation due
to an infectious agent that was not
present at the time of initiation of
mechanical ventilation. However, the
diagnosis remains difficult. Importantly,
this difficulty in diagnosis of VAP leads to
potential over-/underprescription of anti-
biotics and misguided treatment.
The American Thoracic Society guide-

lines of 20053 suggest that the use of
readily available clinical data is adequate
to inform the diagnosis of VAP. However,
while such an approach has the advantage
of being straightforward to apply, when
compared with postmortem histological
specimens the resultant sensitivity and
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specificity were 69% and 75%, respec-
tively,4 indicating the need for better
diagnostic systems. More complex scoring
systems combining clinical and microbio-
logical data, for example the clinical
pulmonary infection score5 and national
nosocomial infection surveillance system,6

have been proposed for the diagnosis of
VAP, but have also been criticised for non-
specificity.7 The addition of quantitative
culture results from endotracheal secre-
tions, or more complex samples including
protected specimens, brushings or bron-
choalveolar lavage fluid (BAL),3 to the
clinical scoring systems for diagnosing
VAP goes some way to reducing the
potential overdiagnosis of VAP.8 Quanti-
tative microbiological cultures are limited
by their reduced sensitivity in patients
who have been treated with antimicro-
bials in the preceding 3 days.9 10 Finally,
laboratories do not routinely test for
atypical pathogens. Recent work has
highlighted a significant prevalence of
anaerobic bacteria,11 viruses12 and fungi13 14

in intubated patients, although their role
in VAP remains unclear.

Ideally, therefore, in diagnosing VAP we
could distinguish colonisation from infec-
tion causing pulmonary inflammation,
and remain confident of a negative diag-
nosis in a subject already receiving anti-
microbial treatment. In addition, our ideal
diagnostic test would allow the safe
withholding of antibiotic treatment from
patients who do not have true VAP.

A number of biomarkers have therefore
been evaluated for VAP. These have been
extensively reviewed7 and, while C-reac-
tive protein, procalcitonin, and soluble
triggering receptor expressed on myeloid
cells (sTREM) are promising, an ideal
biomarker for VAP diagnosis remains to be
identified.

The article by Conway-Morris et al in
this edition of Thorax (see page 201) adds
important new data in the search for
a biomarker for VAP.15 The authors have
already progressed the field in diagnosis of
VAP in a study published earlier this year
comparing bronchoscopic and non-bron-
choscopic methods for diagnosis of VAP,8

showing a 39% reduction in reported VAP
incidence by a change of practice study
involving bronchoscopic- and microbio-
logically based methods. Impressively this
was associated with a 21% reduction in
antibiotic use, which just failed to reach
statistical significance. In the current
study, the investigators evaluate the
ability of a number of BAL inflammatory
cytokines to distinguish patients with or
without VAP in whom the diagnosis was

clinically suspected. Using quantitative
microbiological culture of BAL as their
reference standard, with 104 cfu/ml being
defined as a positive culture confirming
VAP,16 of 72 patients with clinically
suspected VAP only 17 (24%) had positive
cultures. Samples underwent anaerobic
culture in addition to the standard Health
Protection Agency-recommended methods
for processing and culturing BAL fluid for
the diagnosis of VAP.17 Of the remaining
“non-VAP” samples, 22 cultured organisms
at <104 cfu/ml, while 33 were sterile. The
bacteriological methods used were
rigorous, with samples being processed in
both the National Health Service (NHS)
laboratory and the research laboratory,
with high qualitative and quantitative
concordance for the organisms isolated.
BAL cytokine concentrations were

compared between these clinically and
microbiologically defined groups of “VAP”
and “non-VAP”, and a further control
group of age-matched healthy volunteers.
Patients with VAP had higher BAL
interleukin 1b (IL-1b), IL-8, granulocyte
colony-stimulating factor (G-CSF) and
macrophage inflammatory protein-1a
(MIP-1a) than the non-VAP ventilated
group and healthy controls. Interestingly,
unlike in the previous study,7 18 sTREM
concentrations did not differ between the
VAP and non-VAP groups.
The investigators further analysed these

data to identify which biomarkers had
best discriminatory value in confirming or
refuting the microbiological diagnosis of
VAP: IL-1b and IL-8 emerged as the most
promising biomarkers. In this group of
patients, a BAL IL-1b concentration
<10 pg/ml was a powerful negative
predictor of VAP (post-test probability of
having VAP was 2.8%). Higher IL-1b
concentrations did not necessarily posi-
tively predict VAP. IL-8, in contrast, at
concentrations of >4000 pg/ml strongly
predicted a diagnosis of VAP, with a post-
test probability of confirming VAP of 75%.
(However, as the authors discuss, the
patient numbers with concentrations in
excess of 4000 pg/ml were small.) None of
the other cytokines which were upregu-
lated in the VAP group had similar predic-
tive values. Combining cytokines in
statistical models did not further improve
the predictive value over IL-1b or IL-8
alone. Serum cytokines, in contrast, did
not differ between the VAP and non-VAP
groups.
The data suggest that a low BAL IL-1b

concentration might improve confidence
in withholding antibiotics in a patient
with clinically suspected VAP, while

waiting for microbiological cultures, while
a higher IL-8 would support the decision
towards antibiotic prescription. The
authors argue that while confirming
a negative culture can take up to 48 h
BAL cytokine results can be made avail-
able by 4 h, allowing more targeted deci-
sion making.
However, as the authors acknowledge,

there are some potential limitations. To
validate a novel biomarker requires confi-
dence in the reference standard. The study
uses quantitative BAL as the reference
standard to confirm the presence or
absence of VAP, against which the
biomarkers are then validated. However,
not all studies have confirmed that it is
superior to clinical diagnosis alone
(reviewed in Rea-Neto et al7), nor that it
gives a consistent diagnosis. However, as
the authors point out, histological confir-
mation of pneumonia is not a practical
reference for validation, and quantitative
microbiological samples are increasingly
accepted by the critical care community.
A further limitation of the study is the

exclusion of patients who had had an
antibiotic change within 72 h. The BAL
cytokine data are not necessarily appli-
cable to this group, and the discriminatory
value of IL-8 and IL-1b in such a cohort
has not been addressed. In addition, more
patients in the “non-VAP” group were
already on antibiotic treatment at the
time of bronchoscopy and BAL. It is
possible that the pre-existing antimicro-
bial treatment may lead to a false-negative
microbiological diagnosis, misclassifying
patients with VAP as “non-VAP”. The
authors argue that the higher IL-1b and
IL-8 responses occurred only in the true
“VAP” groupdthat is, with cfu
>104/mldbut it remains difficult to be
confident that the “non-VAP” group (with
positive cultures but at lower cfu) are not
in fact true patients with VAP in evolu-
tion: this study did not include follow-up
of the patients in each group to give their
emerging clinical course. In addition, it
would be interesting to know about the
use of corticosteroids or immunomodula-
tory antibiotics such as tetracyclines or
macrolides in each of the groups as these
might affect measured cytokine profiles.
The ecology of the bacteria isolated in

the cohort is a little unusual in that no
Pseudomonas species were identified in the
VAP group: the applicability of the cyto-
kine data in the absence of a highly typical
intensive care unit (ICU) pathogen3

therefore needs to be considered, and
reproduced in other ICU cohorts. In
addition, the study did not include viral
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cultures. Up to 22% of patients intubated
for >48 h had evidence of virus recover-
able from tracheobronchial secretions in
one study.12 Whether viruses in VAP
contribute to an actual pneumonic process
remains unclear.

Very interestingly, IL-1b and IL-8
concentrations were similar in the patients
with VAP with typical pathogenic
microbes and those with microbes usually
considered to be less pathogenic, for
example coagulase-negative staphylococci
orCandida species. It is not clear howmany
of these patients had simultaneous positive
cultures for other microbes. If these are the
sole isolates, the cytokine data suggest that
these microbes do in fact induce an
inflammatory response: by extrapolation,
therefore, they may require treatment.
Isolated Candida cultures, for example, are
not routinely treated in clinical practice.
This article raises the possibility that such
“non-pathogenic” microbes are in fact true
pathogens in the setting of VAP.

Finally, the use of a bronchoscopically
derived biomarker for clinical practice
presents certain practical considerations.
BAL is labour intense, and cannot be
performed safely in all ICU patients (and
as in the methods described, the sicker
patients with higher ventilatory support
requirements were excluded). This study
was carried out by one investigator
across two clinical sites. Highly precise
methods were used to perform BAL by
the investigator, and it is unlikely that
this methodological rigour could be easily
reproduced by multiple clinicians in dif-
ferent ICUs in clinical practice. Although
the authors have previously demonstrated
that BAL-based microbiological tech-
niques can improve the diagnosis of VAP8

there remains widespread high variability

in the use of bronchoscopic sampling
across ICUs throughout Europe.19

Nevertheless this study adds signifi-
cantly to the diagnosis and understanding
of VAP. The utility of these biomarkers for
VAP in BAL now requires further evalua-
tion in larger multicentre studies. It will
be particularly interesting to see if the
application of biomarker-based decisions
could safely reduce antibiotic prescription,
and whether biomarker measurements
help our understanding of the role of atyp-
ical or “non-pathogenic” microbes in VAP.
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Is vitamin D deficiency important
in the natural history of COPD?
J K Quint, J A Wedzicha

Vitamin D consists of a group of fat-
soluble prohormones, the most important
of which are vitamin D2 and D3, with
measurement of 25-hydroxyvitamin D
(25-OHD) closely representing a person’s
vitamin D2 and D3 status. D2 (ergo-

calciferol) is plant and fungal derived,
while vitamin D3 (cholecalciferol) is made
from 7-dehydrocholesterol in the skin. This
conversion of 7-dehydrocholesterol to
previtamin D3 is governed by both the
intensity and appropriate wavelength of
the ultraviolet (UV) B irradiation reaching
7-dehydrocholesterol. Adequate amounts
of vitamin D3 can be made in the skin after
only 10e15 min of sun exposure at least
twice a week without sunscreen. However,
with longer exposure to UVB rays, equi-
librium is achieved in the skin and the
vitamin degrades as fast as it is generated.
Serum concentrations of vitamin D have
been found to vary with age, race, sex,
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