
Thorax 1990;45:62-65

AIDS and the lung 5 Series editors: DM Mitchell, A A Woodcock

Tests giving an aetiological diagnosis in
pulmonary disease in patients infected with the
human immunodeficiency virus

R F Miller, T R Leigh, J V Collins, D M Mitchell

The use of non-invasive tests in the evaluation
of pulmonary disease in patients with AIDS is
reviewed in the accompanying article in this
series (p57'). Although non-invasive tests are
important, they will rarely yield a specific
diagnosis. Techniques that enable an aetio-
logical diagnosis to be made are discussed in
this article-namely, sputum induction,
fibreoptic bronchoscopy with bronchoalveolar
lavage or transbronchial lung biopsy, and open
lung biopsy.

Before discussing these we might ask if it is
important to establish an aetiological diagnosis
in patients with AIDS with respiratory symp-
toms as nearly all will have pneumocystis
pneumonia. In centres where the technique of
induced sputum examination has been
developed this is hardly an issue as the
procedure for inducing sputum is simple and
non-invasive. In centres relying on broncho-
scopy to establish an aetiological diagnosis, it
has been argued that most patients may be
treated empirically without recourse to bron-
choscopy. The advantage of this approach is
that a potentially hazardous procedure for the
patient is avoided and demands on the bron-
choscopy and laboratory services are reduced.
For some patients bronchoscopy is probably
unnecessary. Some will be too ill for the
procedure at presentation and others may have
had previous episodes of pneumocystis
pneumonia that clearly resemble the current
episode. There is also probably little point in
confirming the diagnosis by bronchoscopy in
patients for whom bronchoscopy could not be
arranged at presentation and who are improv-
ing with treatment. On the other hand, for
many patients an accurate diagnosis is desir-
able. An early aetiological diagnosis allows
early intervention with specific treatment and
this will produce a better outcome. If the
patient deteriorates despite treatment and the
diagnosis is certain, alternative treatment can
be instituted with confidence. Some patients
may have more than one pathogen (for example
Pneumocystis carinii and Mycobacterium tuber-
culosis) and this will be missed if bronchoscopy
is omitted. In cases where a respiratory illness
such as pneumocystis pneumonia may be an
AIDS defining condition, certainty is required
because of the important implications for the
patient and the subsequent treatment (that is,

prophylaxis against further episodes of
pneumocystis pneumonia and zidovudine
treatment). With increasing use ofprophylactic
treatment pneumocystis pneumonia may
become less common or its clinical manifesta-
tions may be modulated, making a firm diag-
nosis more important. Clearly several factors
need to be considered in an individual patient,
and each case should be judged on its merits.

Induced sputum
Patients with AIDS and pulmonary disease do
not usually produce sputum spontaneously, so
that lung washings or tissue need to be obtained
to reach a diagnosis. Until recently this usually
required an invasive procedure such as fibre-
optic bronchoscopy. Before the advent of
AIDS pneumocystis pneumonia was diag-
nosed very occasionally by sputum examina-
tion. For example, in a review of 194 episodes
of pneumocystis pneumonia in patients with-
out AIDS in 1974, the diagnostic yield for
sputum was only 6% 2 In an attempt to avoid
invasive procedures such as fibreoptic bron-
choscopy, several centres in the United States
have developed a technique to generate sputum
samples adequate for diagnosis.3
To induce sputum production the patient

inhales 20-30 ml ofhypertonic saline (3O%-5 °Oo)
in the form of a fine mist generated by a
nebuliser over 10-20 minutes. Small droplets
are deposited at relatively peripheral sites in the
airways, whereas larger droplets are deposited
more centrally. The hypertonic solution
irritates the airways and induces bronchial
secretions. The hypertonicity of the saline also
tends to draw water into the airways from the
interstitial fluid by osmosis. Casts from alveoli
filled with inflammatory exudate and
pneumocystis organisms are mobilised by the
ingress of fluid and move centrally. Repeated
deep coughing by the patient mobilises the
material into the trachea and through the
mouth. It is important that sputum is free from
contamination with food debris and squamous
cells from the upper respiratory tract, as this
material can take up the Giemsa stain and may
make analysis difficult. Patients should
therefore be starved from the night before the
procedure and should brush their teeth
carefully with water and then rinse their mouth
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thoroughly immediately before the procedure.
An ultrasonic nebuliser (for example, Devilbiss
Ultraneb 99) with a high flow rate (up to 3 ml/
min) is more efficient in inducing sputum than
an ordinary jet nebuliser. A face mask is
preferable to a mouthpiece because the larger
saline droplets are deposited in the nose and do
not irritate the trachea and larynx. The
material coughed up after about 10 minutes of
inhalation is mainly from the central airways
and contains residual debris and usually fewer
cysts than the sputum obtained later. This first
sample is best discarded. Sputum obtained
after a further 10 minutes of inhalation is sent
for analysis and is most likely to contain
material from distal airways. Purulent sputum
samples are unlikely to yield P carinii and
suggest a bacterial cause for the pneumonia. P
carinii is usually found in clear watery
specimens resembling saliva. Inexperienced
laboratories may mistakenly discard such
specimens as being unsuitable for analysis.
Most patients tolerate the induced sputum
procedure, though some find inhaling saline
mist unpleasant and others develop nausea.45

In an early study6 induced sputum was
obtained before bronchoscopy and trans-
bronchial biopsy in 43 patients with AIDS or
at high risk for AIDS who presented with
respiratory symptoms. The induced sputum
samples were cytocentrifuged and material
from the pellet was smeared on the slides and
stained with silver methionine to outline the
cyst walls ofP carinii. Of the 20 patients shown
to have pneumocystis pneumonia after bron-
choscopy, 11 had a positive result from induced
sputum. Furthermore, bronchoscopy did not
identify any additional pathogens in those with
P carinii in the induced sputum. In another
study7 induced sputum was obtained from 32
patients at high risk for AIDS who had res-
piratory symptoms and either an abnormal
chest radiograph, reduced transfer factor for
carbon monoxide, or an abnormal gallium scan.
Sputum samples were not cytocentrifuged but
were smeared directly and processed with
Giemsa to stain trophozoites and precyst forms
of P carinii. These were found in 14 of the 32
patients, and in none of these was any other
organism identified. The 18 patients with a
negative result from induced sputum under-
went bronchoscopy with bronchoalveolar
lavage and transbronchial biopsy. P carinii was
found in 11. In the remaining seven patients
other diagnoses, including Kaposi's sarcoma,
were made. The sensitivity of induced sputum
in identifying P carinii was 14/25 (56%), very
similar to that found by Pitchenik et al.6
Despite these encouraging results, other cen-
tres have not been able to repeat these findings,
mainly for technical reasons. Although
relatively simple, the techniques require
meticulous attention to detail if they are to
succeed.5 Care in obtaining the sputum sample
has already been mentioned. It is also impor-
tant that samples reach the laboratory quickly
for good results, and skilled and patient
laboratory staff are required to process and
examine the specimens. Scanning of samples
for P carinii requires particular expertise and

diligence; most induced sputum samples con-
tain 100 times fewer organisms than the
corresponding lavage fluid samples. Liquefac-
tion of the sputum samples by means of dithio-
threitol with subsequent centrifugation and
concentration of the alveolar casts containing
pneumocystis increases the diagnostic yield
further.8 Other pathogens may be detected by
standard staining procedures (for example,
Giemsa staining), such as Candida albicans,
Cryptococcus neoformans, Histoplasma cap-
sulatum, and cytomegalovirus inclusion bodies,
and mycobacteria by Ziehl-Nielsen staining.
Both induced sputum and lavage fluid should
be sent routinely for culture.

Indirect immunofluorescent staining of
induced sputum samples using monoclonal
antibodies to pneumocystis has been shown to
give a higher diagnostic yield than conventional
staining. A recent study9 showed a diagnostic
yield of 80% with routine staining (toluidine
blue 0) and 92% with immunofluorescence.
The development of pneumocystis specific
DNA probes may further increase the sen-
sitivity of this technique.' 01' Induced sputum
analysis is a useful diagnostic technique and in
centres where it has been developed will greatly
reduce the need for fibreoptic bronchoscopy.
Fibreoptic bronchoscopy will continue to be
necessary for patients with a negative result
from induced sputum and for patients whose
clinical diagnosis and response to treatment are
at variance with the cytological or micro-
biological diagnosis obtained from induced
sputum. Finally, considerable time, effort, and
financial outlay is required to develop the
technique ofinduced sputum, and this can only
be justified in centres seeing a large number of
patients with AIDS. In centres with few such
patients bronchoscopy will remain the inves-
tigation of choice.

Bronchoscopy
Fibreoptic bronchoscopy is well established
as a diagnostic tool for a large range of pul-
monary disorders2 13 and the techniques of
bronchoalveolar lavage'415 and transbronchial
biopsy6 17 are widely used. Lavage was shown
to be an effective method of diagnosing
pneumocystis pneumonia before the AIDS
epidemic.81 9 Bronchoalveolar lavage com-
bined with transbronchial lung biopsy provides
a high diagnostic yield for all the opportunist
infections that affect the lung in patients with
AIDS. A large retrospective series early in the
AIDS epidemic reported that 910% of all pul-
monary infections could be diagnosed by a
combination of bronchoalveolar lavage and
transbronchial lung biopsy.20 In a further study
the diagnostic yields were 88% for transbron-
chial lung biopsy and 85% for bronchoalveolar
lavage, with a combined overall yield of 9400 .21
Other studies have supported these findings.2225
Diagnostic yields are particularly good with
both techniques for P carinii. Many groups
now consider that the results from lavage alone
are sufficiently good to justify the omission of
routine transbronchial lung biopSy2l28 not
surprisingly, as bronchoalveolar lavage

63



Miller, Leigh, Collins, Mitchell

presumably samples many alveoli, far more
than are represented in a small transbronchial
biopsy specimen. Bronchoalveolar lavage alone
will not, however, identify lymphocytic inter-
stitial pneumonitis" or non-specific inter-
stitial pneumonitis3' and these diagnoses will be
missed unless transbronchial or open lung
biopsy is performed.
Omission of transbronchial lung biopsy

simplifies and shortens the bronchoscopic
procedure and also eliminates the complica-
tions associated with transbronchial lung
biopsy. When transbronchial lung biopsy is
carried out via a fibreoptic bronchoscope in
patients not suffering from AIDS it is safe with
a low incidence of complications'7 32; but
patients with AIDS undergoing transbronchial
lung biopsy have an increased rate of complica-
tions-the risk appearing particularly high in
patients with pneumocystis pneumonia,33
whether or not fluoroscopic screening is used.34
The reported incidence of pneumothorax has
ranged from 4% to 2000 24 33 Haemorrhage is
also more common and may be fatal.28
During bronchoscopy the endobronchial

lesions of Kaposi's sarcoma may be seen.3536
These are either flat, resembling the sub-
mucosal haemorrhages induced by traumatic
bronchoscopy, or raised, perhaps even produc-
ing partial occlusion of bronchi. Bronchial
lesions of Kaposi's sarcoma are usually seen in
patients with extensive lesions at other sites,
particularly the skin, thus making diagnostic
biopsy unnecessary. Kaposi's sarcoma is a
vascular tumour, so successful biopsy of an
endobronchial lesion may produce substantial
haemorrhage.
The timing of fibreoptic bronchoscopy in

relation to starting antimicrobial treatment is
probably not critical as the cyst forms of
pneumocystis persist for days or even weeks
after treatment is started.3738 Treatment may
therefore be started before bronchoscopy on
the basis of clinical suspicion, pending a firm
diagnosis.
The technique of bronchoscopy in patients

with AIDS is essentially the same as in patients
without AIDS (control of infection measures
are discussed in the first article in this series,
(October 1989;44:778-83). Patients with AIDS
often cough excessively and have irritable air-
ways. The routine use of nebulised lignocaine
(6 ml of a 400 solution) with the premedication
has been advocated39 and a short acting ben-
zodiazepine such as midazolam is often
required40 during the procedure. There may be
a considerable fall in arterial oxygen saturation
during bronchalveolar lavage.4' Patients with
AIDS and pneumocystis pneumonia may have
a low initial oxygen saturation, which may fall
further during bronchoalveolar lavage. The use

of a transcutaneous oxygen saturation meter

(oximeter) during the procedure helps to deter-
mine supplemental oxygen requirements.
Additional oxygen may be delivered by nasal
cannulae42 or by a tight fitting oxygen mask
delivering 60% oxygen, the bronchoscope
being passed through a small hole cut in the
side of the mask.

After the airways have been inspected bron-

choalveolar lavage is carried out most conven-
iently from the right middle lobe with warmed
saline aliquots of 3-60 ml to a total volume of
120-180 ml.'927 0 If transbronchial biopsy is
performed specimens are normally taken from
the right lower lobe.22 Laboratory processing of
the bronchoalveolar lavage fluid should include
microbiological culture, cytological examina-
tion, and staining specifically for pneumo-
cystis. Transbronchial biopsy specimens
should be placed in sterile saline for culture and
in formol saline for histopathology.

Open lung biopsy
Open lung biopsy provides a high diagnostic
yield in patients with diffuse pulmonary dis-
ease.43 The specimen obtained by wedge resec-
tion is large enough to provide plenty of
material for histological examination and cul-
ture, and the procedure has a low morbidity,44
though some patients who are hypoxaemic
before the procedure will require assisted
ventilation afterwards. Before the AIDS
epidemic and the ready availability of fibreop-
tic bronchoscopy open lung biopsy was used
successfully to diagnose pneumocystis
pneumonia and other pulmonary infections in
immunosuppressed patients.45 It was also
used successfully to diagnose opportunist lung
infections at the beginning of the AIDS
epidemic in 1981 and 1982. It is now rarely
necessary for patients with AIDS because of
the high success rate of bronchoalveolar lavage
and transbronchial lung biopsy. Open lung
biopsy may be required ifbronchoscopy fails to
provide a diagnosis,47 or when fibreoptic bron-
choscopy is contraindicated and may be expec-
ted to give a high diagnostic yield.48

Fine needle aspiration biopsy
Percutaneous needle aspiration provides a
rapid and accurate method of cytological and
microbiological diagnosis of pulmonary infec-
tion in children and adults.4950 In patients with
AIDS the procedure is associated with a high
incidence of complications, including
pneumothorax and cardiac arrest, and cannot
be recommended.5

Conclusions
Invasive tests enable a specific aetiological
diagnosis to be made in virtually all HIV
positive patients who present with respiratory
symptoms. Sputum induction may provide an
aetiological diagnosis without the need for
more invasive tests and should be done first if
possible. Meticulous care and additional
resources are needed for this technique to be
applied successfully. The use of mucolytic
agents and immunofluorescent staining with
monoclonal antibodies increases the diagnostic
yield for P carinii from induced sputum and the
use of DNA probes for pneumocystis in the
near future should greatly enhance the sen-
sitivity and specificity of the technique. If the
technique of sputum induction is not available
or the result is negative fibreoptic broncho-
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scopy will usually be considered necessary. At
bronchoscopy bronchoalveolar lavage is
carried out routinely; the addition of trans-
bronchial biopsy adds little to the diagnostic
yield and as it is associated with a high
incidence of complications is now carried out
rarely. If, despite bronchoscopy, no specific
diagnosis is made and a firm diagnosis is
clinically imperative it may be necessary to
resort to open lung biopsy.
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