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Abstract

Community-acquired pneumonia (CAP) remains a common condition associated with considerable morbidity and
mortality. Outcome is improved by early recognition and rapid institution of empirical antibiotic therapy. A number
of international guidelines recommend a chest radiograph (x-ray) is obtained when pneumonia is suspected; the
argument forwarded is that chest radiographs are relatively inexpensive and enable pneumonia (lung consolidation)
to be confirmed or excluded. But, radiographs are not available in the community setting and introduce a delay
in diagnosis and treatment. For these reasons, in mild CAP treated by primary care, guidelines suggest criteria for
clinical diagnosis. However, there is debate as to whether clinical features alone are sufficiently reliable to support
a diagnosis of CAP with some suggesting diagnostic precision is improved by chest radiographs. Conversely, several
studies have demonstrated a lack of agreement in the interpretation of chest radiographs bringing their role as the
ultimate arbiter of diagnosis into question. Below we debate the diagnostic role of the humble chest radiograph in
the context of suspected CAP.
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1. Introductory statement
1.1 The case for (Feldman)

CAP continues to be associated with a considerable
burden of disease throughout the world [1-4]. Given the
substantial ongoing morbidity and mortality it causes,
it is not surprising that a number of guidelines have
been developed in the different regions of the world
describing what is considered the optimal management
of this infection in the hope of improving the patient
outcome [5-7]. Clearly one of the initial considerations
in managing a patient with suspected CAP is to confirm
that diagnosis, and to this end, the chest radiograph
is universally considered to be the “gold standard” (1,
8-10]. The argument forwarded is that chest radiology is
a relatively inexpensive procedure and is the only way in
which pneumonia can be definitely confirmed or excluded.

Yet there are discrepancies in the different guideline
recommendations with regard to the need for a routine
chest radiograph. The current guideline from North
America and the earlier European guideline indicated that
if pneumonia was suspected a routine chest radiograph
should be performed to confirm the diagnosis [5, 6].
However, the British Thoracic Society guideline indicates
that while all patients admitted to hospital with suspected
CAP need a chest radiograph, in the community it is
unnecessary for a chest radiograph to be done unless
the diagnosis is in doubt, or clinical progress is not being
made on treatment of a patient with suspected CAP, or if
the patient is likely to have an underlying pathology, such
as lung cancer [7]. Similarly, the more recent European
guideline does not recommend a routine chest radiograph
inthe community setting but indicates that it could be done
in cases in whom, despite c-reactive protein (CRP) testing,
there is persistent doubt as to whether the diagnosis is
pneumonia or another respiratory tract infection, and also
in patients with suspected aspiration pneumonia [11].

In all guidelines there is a recommendation for routine
chest radiology for all pneumonia patients admitted to
hospital, and this appears to be relatively straightforward.
However, it has been suggested by some that in the
community, milder cases of infection treated as outpatients
could be diagnosed on clinical grounds alone without the
performance of chest imaging [12]. Reasons given for this
approach include the cost of radiology, the inconvenience
for the patient, the potential for delay in diagnosis while
awaiting the chest radiograph and the lack of ready
availability of routine radiology [12]. However, there is
considerable debate about the accuracy of symptoms and
signs alone in the diagnosis of CAP, with many suggesting
that clinical features alone are not accurate enough and that
a chest radiograph is an absolute requirement without which
pneumonia cannot be adequately diagnosed or excluded.

1.2 The case against (Wootton)

To evaluate a diagnostic test such as a chest radiograph,
we compare its performance to a “gold standard” [13]. If
the gold standard definition of pneumonia includes a chest
radiograph, then there are no comparisons to be made -
and there is no debate. Therefore, this discussion really
asks, “What is pneumonia, and how accurately can a chest
radiograph detect it?”

Our understanding of the term ‘pneumonia’ as an
acute lower respiratory tract syndrome with systemic
features has been consistent over thousands of years.
In a translation of the Hippocratic Corpus written in the
5t century BC, ‘pneumonia’ is referred to as “a disease
named by the ancients”:

... if fever be acute, and if there be pains on either side, or in
both, and...if cough be present, and the sputa expectorated be
of a blond or livid colour...[14].

This is remarkably similar to the present day British
Thoracic Society’s case definition.:

Symptoms of an acute lower respiratory tract illness...new focal
chest signs on examination. At least one systemic feature...[7].

Most of our understanding of the pathophysiology
of pneumonia derives from animal studies [15]. In
those studies respiratory tract infection is induced
experimentally and the development of pneumonia is
suspected by observing a range of ‘clinical’ features such as
fever, reduced activity, weight loss and laboured breathing
and then confirmed post-mortem by examination of the
lungs [16]. The post mortem pathology that underlies this
syndrome has been defined as an acute inflammatory
alveolar infiltrate caused by infection of the lung [15].
Inflammatory alveolar infiltrates driven by processes
other than infection also occur and these borrow the
term ‘pneumonia’. Thus confirmation of the presence
of a microbe and proof of a causal relationship with the
inflammatory process would also be necessary to complete
a diagnosis. Combining these elements, pneumonia is:
a), lung infection, leading to b), lung inflammation, leading
to c), respiratory and systemic symptoms.

Currently there is no single test that can reliably rule in or
out all these features of pneumonia. In practice clinicians
rely on clinical judgement supported, where available, by
a range of ‘tests’ in order to come to a working diagnosis
that enables us to arrive at a management plan. So to what
extent can a chest radiograph help? Of the three diagnostic
elements listed above it is only fair to ask the radiograph
to contribute to b) and answer the question, “Is there lung
inflammation?” Obviously this is an unfair challenge; a
range of underlying mechanisms, some inflammatory,
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some not, can give rise to the same radiological
appearances [17]. Moreover, even in a previously healthy
individual, the radiograph has technically limited resolving
power to detect inflammation at the alveolar level. More
importantly the interpretation of the image is often
difficult and frequently inconsistent. In this context, the
chest radiograph demonstrates none of the performance
characteristics that would be associated with a diagnostic
test and therefore whilst it is an important tool to help
manage some patients with possible respiratory infection,
it should not be required for the ‘diagnosis’ of pneumonia
which is a clinical syndrome.

2. Criteria used by clinicians to diagnose pneumonia
2.1 The need for a chest radiograph (Feldman)

Clearly an important issue in outpatient settings is the
challenge that it poses on clinicians as to how to diagnose
pneumoniawithout the ready availability of chest radiology.
One study investigated the criteria used by primary care
physicians to diagnose pneumonia, as opposed to acute
bronchitis or upper respiratory tract infections, in the
outpatient setting [18]. For the diagnosis of pneumonia
the presence of crackles, temperature >37.8 °C, chest
pain, dyspnoea, rhonchi, rapid heart rate and respiratory
rate and rhinorrhoea (absence of the latter) best explained
the variation in pneumonia diagnosis; the presence
of crackles, chest pain and temperature >37.8 °C best
predicted the ordering of a chest radiograph (although
35% of cases diagnosed as pneumonia had a negative chest
radiograph), and abnormal breath sounds were the best
predictor for the prescribing of an antibiotic [18]. From the
study it became clear that these primary care clinicians
were not using established clinical prediction rules (see
below) consistently in their practice, and furthermore,
even among those patients diagnosed as having acute
bronchitis alone, 93% were prescribed antibiotics. It is
also important to recognise that there is considerable
interobserver variation in the recording of symptoms and
also a high degree of interobserver error in the physical
examination of the chest [1]. For many of these reasons
it is the author’s belief that a chest radiograph should be
performed in patients for suspected CAP, if at all possible.

2.2 The rebuttal (Wootton)

To summarise the argument above, since clinical
assessment is prone to variation, the radiograph should
decide the diagnosis, presumably because it is believed to
be more consistent. If we take this to its logical conclusion,
why not do away with clinical assessment altogether?
Perhaps patients with a cough should present to radiology
clinics, then take the yes/no result to a pharmacy to be
issued with either amoxicillin or linctus. This scenario has
been tested by a number of studies that have examined
the consistency of chest radiograph interpretation in the

context of possible pneumonia. One way to evaluate a
diagnostic test is to measure the level of agreement with
respect to the interpretation of the result by calculating the
kappa statistic. A kappa score less than 0.2 represents poor
agreement that is little better than chance with 0.2—0.39
being regarded as fair, 0.4-0.59 as moderate, 0.6—0.79 as
good and >0.8 as excellent [19]. In a study measuring the
levels of agreement in radiograph interpretation between
emergency physicians and radiologists, agreement with
respect to pneumonia produced kappa = 0.395 [20]. In
another study, agreement between radiologists was kappa
=0.52, training grade doctors kappa = 0.47 and consultant
physicians kappa =0.34 [21]. Astudy based in primary care
in the Netherlands revealed kappa = 0.53 for radiologists
[22]. The largest published study of inter-observer
agreement in the interpretation of chest radiograph in the
context of possible pneumonia revealed radiologists had
kappa =0.38[23]. All studies revealed that disagreements,
even among senior radiologists, were common, and in
some studies, disagreements were more frequent than
agreements; outside of the context of a study the situation
is unlikely to be better. Clearly much of this inconsistency
will be centred on certain chest radiographs which are
particularly difficult to interpret, but in those cases, if the
decision to diagnose pneumonia was based on the chest
radiograph alone, we could save some time and money by
flipping a coin.

3. How accurate is clinical diagnosis?
3.1 Clinical examination (Feldman)

Despite some studies suggesting that general practitioners
may be accurate in diagnosing which patients with cough
may have pneumonia and which patients require a chest
radiograph [24], most investigations suggest that clinical
judgement alone is relatively inaccurate and that history
and clinical examination alone do not provide a high level of
certainty with regard to the diagnosis of CAP [1, 8, 25]. For
example, one investigation suggested that while primary
care/emergency room physicians may have a reasonable
ability to rule out radiologically-confirmed pneumonia on
clinical grounds, in many cases in whom they consider to
have pneumonia, this diagnosis is not confirmed on chest
radiograph (sensitivity 74% [49-90%], specificity 84% [78—
88%)], negative predictive value 97% [94-99%], positive
predictive value 27% [16-42%)]) [26].

In another study, 52 patients presenting with symptoms
of an acute respiratory tract infection were recruited
and a detailed pulmonary examination was undertaken
by at least two of the three board-certified physicians,
blinded to the history, vital signs or chest radiographic
findings [25]. The chest radiographs were interpreted
by a board certified radiologist and for the purposes of
the study, pneumonia was defined as the presence of a
radiographic infiltrate in the lung parenchyma, which was
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considered to be the “gold standard”. Of the patients,
24 were radiologically diagnosed as having pneumonia.
The 28 patients without pneumonia were considered to
have either acute bronchitis or an exacerbation of chronic
bronchitis. The two most common abnormal clinical
findings found were crackles (22-65%) and bronchial
breath sounds (8-43%). The sensitivity and specificity for
clinical diagnosis of pneumonia varied between 0.47-0.69
and 0.58-0.75, respectively, for the three physicians. There
were interobserver variations in the interpretation. The
authors concluded that physical examination had a modest
ability to predict the presence of pneumonia which alone
was not sufficient to confirm or exclude the presence of
this infection, and that when this diagnosis is suspected a
chest radiograph remains the best test [25].

A further study in general practice investigated the value
of typical symptoms and abnormal chest signs for the
diagnosis of pneumonia in 402 adult patients presenting
with an acute respiratory tract infection in whom the
clinical features were compared with chest radiographs
[27]. A radiological diagnosis of pneumonia was confirmed
in 20 patients. The general practitioners in the study
diagnosed pneumonia in only seven of these 20 patients
and additionally in 22 patients who had normal chest
radiographs. The likelihood ratio (LR) of pneumonia
increased with increasing intensity of the symptoms. The
LR of crackles was 3.7, which when evaluated against the
doctors’ diagnosis as a reference standard reached a LR of
14.8. The typical symptoms reached much lower LRs when
evaluated against the radiographic reference standard.
The authors concluded that crackles and other abnormal
chest findings are interpreted too frequently as features
of pneumonia, while the importance of typical symptoms
was often underestimated [27].

3.2 Clinical prediction rules (Feldman)

In order to help support the clinical diagnosis of
pneumonia, a myriad of clinical prediction rules have
been developed [28-31]. In one study whose purpose it
was to develop a prediction rule for the use of the chest
radiograph in patients with acute respiratory symptoms, it
was noted that positive vital sign and physical examination
findings were useful as a screening tool for CAP, with
a sensitivity of 95% and a specificity of 56% [29]. These
investigators suggested, therefore, that in symptomatic
patients presenting with acute respiratory symptoms,
but having normal vital signs and physical examination,
a chest radiograph may be unnecessary. However,
because in 5% of those cases the diagnosis of CAP would
be missed, this approach could only be used in patients
with reliable follow-up and low likelihood of morbidity if
CAP was not detected. Graffelman and colleagues [31],
however, based on their assessment of the performance
of these rules, suggested that models established on
these clinical features do not reliably predict the presence
of pneumonia. Clearly one issue that needs highlighting

is that even among physicians there is poor agreement
about the presence or absence of particular lung sounds
and only 55% of the time was there complete agreement
about the clinical findings [32].

One study evaluated the predictive value of several
clinical variables for the diagnosis of pneumonia in adults
presenting with acute respiratory symptoms [33]. Of 464
patients who had had a chest radiograph, pneumonia was
confirmed in 129 (27.8%). None of the symptoms, signs or
laboratory findings studies reliably predicted pneumonia;
however, absence of auscultatory findings on chest
examination excluded pneumonia with a 95% certainly. In
one investigation, 26 (22%) of patients with pneumonia
had a completely normal chest examination, whereas
abnormal vital signs (temperature >37.0 °C; pulse rate
>100 beats/min, or respiratory rate >20 breaths/min) were
97% sensitive for the diagnosis of pneumonia [34]. In an
even more recent study of European patients presenting
with acute cough, general practitioners recorded whether
pneumonia was a consideration or not following clinical
evaluation [35]. Of the 2,810 patients, 140 (5%) had
radiographic evidence of pneumonia, of whom only 41
(29%) had been clinically diagnosed, while 31 (1%) had
received a clinical diagnosis of pneumonia that was not
confirmed on radiology, and overall, only 57% of clinically
suspected pneumonias were confirmed radiographically.
In cases with radiologically proven pneumonia who were
not suspected on clinical grounds, less severe symptoms
had been present (p < 0.05) [35].

3.3 The rebuttal (Wootton)

The studies cited in the above two paragraphs compare
agreement between a clinical diagnosis and chest
radiograph findings and conclude that there is very little
concord. This is unsurprising given what we have learnt
about the level of agreement regarding the interpretation
of chest radiographs and the subjectivity of clinical
assessment. These findings are consistent with practical
clinical experience. Itis not uncommon to assess a patient
with clinical signs of pneumonia in whom the radiograph
is initially normal but evolves to become abnormal a day
or so later; or the patient with shortness of breath and
unilateral pleuritic chest pain who has a normal chest
radiograph and goes on to have a CT pulmonary angiogram
that reveals an area of consolidation behind the heart, in
the radiographs blind spot. Practically, we have to accept
the diagnostic limitations of imaging and focus on the key
management decisions. This author is of the belief that
clinical judgement, despite its imperfections, has a key
role to play in the context of patients with respiratory tract
infection. Next time | am hypoxic - with cough, unilateral
pleuritic chest pain, pyrexia, tachycardia and my doctor
hears crackles in my chest - | will be perfectly happy to take
the antibiotics my general practitioner prescribes me. And
when | am admitted to hospital and my chest radiograph
is reported as clear, | would be fascinated to know the
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diagnosis; acute bronchitis....really? The problem here
is one of nomenclature. Even if the practical problems
of making chest radiographs more widely available could
be overcome, if we insist on chest radiograph findings to
define pneumonia then we condemn some patients to a
diagnostic no-man’s land between acute bronchitis and
pneumonia. In the acute situation this ambiguity can lead
to delays in initiating therapy with adverse consequences.

3.4 Value of the chest radiograph (Feldman)

Not surprisingly many consider that chest radiology, which
is a relatively inexpensive test, plays a fundamental and
important role in the diagnosis of pneumonia, together
with clinical assessment and sometimes appropriate
microbiological testing [36]. Its primary purpose is to
diagnose or exclude pneumonia, but it will also show the
extent of the pneumonia, the presence or absence of
associated comorbid conditions or complications, all of
which may act as prognostic indicators, and it can also be
used for subsequent follow-up to check for resolution [37].
The chest radiograph is much less helpful in suggesting
the likely microbial aetiology of CAP although sometimes
specific patterns are seen and may be helpful particularly
in immunocompromised individuals [36-38]. Certainly, in
the case of patients admitted to hospital there is evidence
that the early performance of a chest radiograph is
associated with clinical benefit, including a significantly
shorter hospital length of stay and antibiotic use after
radiology [39].

While some guidelines do advocate routine chest radiology
for all cases with suspected CAP, even those guidelines that
do not recommend routine radiology propose definitive
criteria and/or situations in which a chest radiograph
should be done [10, 29, 34]. For example, the American
College of Radiology recommends that chest radiographs
should be performed in patients with an acute respiratory
iliness and any of the following: age >40 years, dementia,
positive physical examination, haemoptysis, leucocytosis,
hypoxaemia, or other risk factors such as coronary artery
disease, congestive heart failure and drug-induced
respiratory failure [10]. Others have recommended a
chest radiograph in all patients with an acute respiratory
illness and the presence of at least one abnormal vital
sign (temperature >37.8 °C; pulse rate >100 beats/min, or
respiratory rate >20 breaths/min) [34].

O’Brien’s study [29] suggested that chest radiographs
were unnecessary in patients with acute respiratory
symptoms and normal vital signs and physical examination
(sensitivity 95%). However, since this approach would miss
5% of pneumonias, they recommend that this should be
reserved only for cases with reliable follow up and also
a low likelihood of morbidity if pneumonia was missed
[29]. Furthermore, Ebell [40] suggested a simple rule for
determining the need for chest radiography in a patient
with acute respiratory illness that others have adopted [41],

which recommend that chest radiology be performed in
any of the following situations:

e In any patient demonstrating at least one of the
following abnormal vital signs:

o Temperature >37.8 °C
o Heart rate >100 beats/minute
o Respiratory rate >20 breaths/minute

e Inany patient with at least two of the following clinical
findings:

o Decreased breath sounds
o Crackles
o Absence of asthma

3.5 The rebuttal (Wootton)

A chest radiograph may be a valuable tool in the ongoing
management of some patients with lower respiratory tract
infection. In some patients a chest radiograph may be
useful in screening for pre-disposing pathology such as lung
cancer and identifying complications of the infection, such
as empyema, but both those conditions require further
imaging or tests for diagnosis. However, in the context of
lower respiratory tract infection there is little evidence
that performing chest radiographs alters meaningful
outcomes for ambulatory patients [42]. For example, in
a prospective study of lower respiratory tract infection
in the community, “half of the patients with changes on
the chest radiograph recovered without antibiotics” [43].
This suggests that even if an early chest radiograph was
available for all patients in primary care it would be very
unlikely to affect outcome. In the study by Bewick et al. [39]
based in a United Kingdom hospital practice, a reduction in
time to first antibiotic (TFA) (TFA <4 hours versus TFA >4 hours)
was associated with reduced length of stay (5.63 days versus
8.07 days). That result suggests that performing a chest
radiograph early leads to reduced length of stay, not
because radiographs cure pneumonia, but because the
earlier the chest radiograph is performed the earlier the
antibiotics can be delivered. What we don’t know from
that study is what happened to the patients who had lower
respiratory tract infections but whose chest radiograph
was reported as normal. How many of them got antibiotics
and what were their length of stay or re-admission rate?
In the era of enhanced antibiotic stewardship, it should
be possible to commence antibiotics pending further tests
(which might include a chest radiograph) and to review the
requirement for ongoing antibiotic treatment in the light
of further information and clinical response.

4. Conclusion
4.1 Feldman

From the preceding discussion, it is apparent that the
clinical features alone, including both the symptoms and
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the physical findings together, are not sufficient for the
accurate diagnosis or exclusion of CAP. Part of the reason
for these observations may be the inaccuracy of clinical
examination with considerable interobserver variation
in the recording of symptoms and also a high degree of
interobserver error in the physical examination of the chest
[1, 25, 32]. Furthermore, none of the clinical findings have
been found to have 100% sensitivity and 100% specificity
in ruling out pneumonia in any of the studies. Therefore,
there will be those patients in whom the diagnosis of
CAP will be missed, particularly among those with milder
symptoms, who are more likely to be among those treated
in the community [28, 35]. Furthermore, there will also
be those in whom CAP will be diagnosed clinically, in the
absence of radiologically confirmed infection [26, 27], in
whom antibiotics may be given, perhaps unnecessarily.
For these reasons it is widely recommended that routine
radiology be performed in any patient suspected on any
clinical grounds of having CAP.

4.2 Wootton

Pneumonia is an old term. It describes a syndrome that
falls within the spectrum of lower respiratory tract
infections and is distinguished by the presence of systemic
features. It is caused by infection and inflammation of
the lung and this can be suspected from the history and
sometimes detected by clinical examination and/or a
chest radiograph. However, since a chest radiograph
cannot reliably rule in or rule out lung infection it could
not be regarded as a diagnostic test. The clinical priority is
not whether the diagnostic label should be ‘pneumonia’
but whether the patient requires antibiotic therapy and
where they can be best cared for. These two management
decisions are based upon two further questions — “Is this a
bacterial infection?” and “How sick is the patient?,” and a
radiograph can answer neither. Once these decisions have
been made a chest radiograph may be useful in further
management and follow-up, but is not required in all cases.
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