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ABSTRACT Pulmonary function was measured in 169 male patients seropositive for the human
immunodeficiency virus (HIV). The transfer factor for carbon monoxide (TLCO) in symptom free
patients and patients with persistent generalised lymphadenopathy was normal (> 83% of predicted
values). Patients with the AIDS related complex, non-pulmonary Kaposi sarcoma, and non-

pulmonary non-Kaposi sarcoma AIDS (that is, opportunist infections affecting other organs) had
lower mean values for TLCO (77%, 70%, and 70% of predicted respectively). These values were

significantly lower than values for symptom free patients. Lower mean values of 50% and 63%
predicted TLCO were observed in patients during the acute and recovery phases of Pneumocystis
carinii pneumonia. TLCO was also low in patients with lung mycobacterial infection and in a patient
with lung Kaposi sarcoma. Forced expiratory volume in one second, peak expiratory flow, and
maximal expiratory flow at 50% of vital capacity were significantly reduced only in patients with
acute pneumocystis pnemonia. This study shows that abnormalities in the results of pulmonary
function tests, particularly TLCO, although greatest in patients with pulmonary complications of
AIDS, are also present in patients with AIDS but without other evidence ofpulmonary disease, and in
patients with the AIDS related complex. The predictive and prognostic implications of these findings
require further investigation.

Disease produced by the human immunodeficiency
virus (HIV) is rapidly becoming a major health care
problem. Pulmonary complications occur in over
40% of patients.'2 Of these, Pneumocystis carinii
pneumonia is the most common (84%), and may pose
diagnostic difficulties because the symptoms ofbreath-
lessness and cough often have an insidious onset and
may have other causes. Physical examination is rarely
helpful and the chest radiograph may be normal. Low
values for carbon monoxide transfer factor (TLCO)
and vital capacity (VC) have been shown to occur in
acute Pneumocystis carinii infection.' In this study we
report abnormalities of pulmonary function in other
categories of HIV related disease and compare them
with those found in patients with AIDS and
pneumocystis pneumonia.
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Methods

We studied 169 male homosexual HIV seropositive
patients. They were classified according to clinical
features:
1 thirty three were symptom free but HIV
seropositive (Centre for Disease Control (CDC) group
II7);
2 forty seven subjects had persistent generalised
lymphadenopathy (CDC group III);
3 thirty three subjects had AIDS related complex
(CDC group IV, subgroups A, B, C2, E);
4 sixteen subjects had non-pulmonary Kaposi sar-
coma, mainly affecting the skin (CDC group IV,
subgroup D);
5 six subjects had non-pulmonary non-Kaposi sar-
coma AIDS-that is, opportunist infection affecting
other organs (CDC group IV, subgroup C1);
6 thirty four patients had AIDS with pulmonary
complications (pulmonary AIDS)-13 with acute
pneumocystis pneumonia (CDC group IV, subgroup
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C1), 17 with an episode of pneumocystis pneumonia
more than one month previously, three with lung
mycobacterial infection, and one with lung Kaposi
sarcoma.

Patients seropositive for HIV with an abnormal
chest radiograph, a TLCO value less than 60% pre-
dicted, or prominent respiratory symptoms-that is,
persistent cough or moderate to severe exertional
dyspnoea-underwent fibreoptic bronchoscopy with
bronchoalveolar lavage and transbronchial biopsy,8
unless they were considered too ill for the procedure to
be done with safety or they refused the procedure.

All patients had the following lung function tests:
forced expiratory volume in one second (FEV,), peak
expiratory flow (PEF), maximum expiratory flow at
50% of vital capacity (MEF,O), forced vital capacity
(FVC), single breath alveolar volume (VA), and car-
bon monoxide transfer factor or diffusing capacity
(TLCO). The transfer coefficient (Kco) was derived
from the TLco and VA. Measurements were made with
a dry bellows spirometer and the single breath helium
dilution method (P K Morgan transfer test model C
machine: P K Morgan, Gillingham, Kent). Correc-
tions for body temperature and haemoglobin concen-
tration9 were included in the calculation of TLCO
values.
Lung function testing apparatus designated for HIV

seropositive patients was used throughout with
modifications to reduce the risk of cross infection
between patients. One way valve safety mouthpieces
(Vitalograph Ltd, Buckingham) were used for
spirometry. A Pall Ultipor breathing system filter (Pall
Biomedical, Havant, Portsmouth) was placed distal to
the mouthpiece during the carbon monoxide transfer
test. The increased deadspace of 150 ml due to the
presence of the filter was incorporated in the calcula-
tion.

Plastic mouthpieces and nose clips were sterilised in
2% glutaraldehyde for one hour between tests on
different patients and the remainder of the apparatus
was dismantled and sterilised weekly for at least three
hours in 2% glutaraldehyde. Values were compared
with those predicted for age, sex, and height for each

patient and expressed as mean percentages of pre-
dicted values.9 Statistical comparisons were made by
means of Student's t tests between symptom free HIV
antibody positive patients (disease control) and other
groups.

Results

One hundred and sixty nine patients completed the
study. Details of age, smoking history, and dyspnoea
are given in table 1. Mild dyspnoea was recorded if the
patient complained of breathlessness on stairs or hills
and severe dyspnoea if he was breathless on minimal
exertion or at rest. TLCO, Kco, and FVC in symptom
free HIV positive patients and those with persistent
generalised lymphadenopathy were normal, with
values greater than 83% predicted (fig 1). There was

no significant difference between the two groups for
any of the measurements.

PATIENTS WITH AIDS RELATED COMPLEX AND

NON-PULMONARY AIDS
TLCO and FVC were significantly lower in patients
with the AIDS related complex than in the symptom
free HIV positive group (p < 0 05 and < 0-001).
TLCO was low in patients with AIDS who had

Kaposi sarcoma (mainly cutaneous) but no pulmon-
ary disease (p < 0-01). In patients with AIDS with
neither Kaposi sarcoma nor pulmonary disease (that
is, with opportunist infections affecting other organs)
both TLCO and Kco were lower than in the symptom
free HIV positive group (p < 0-01 and < 0 05).

PATIENTS WITH AIDS AND PULMONARY

COMPLICATIONS
Patients with AIDS and pulmonary complications had
greater reductions in lung function. Mean TLCO, KCo,
and FVC were lower in acute pneumocystis
pneumonia than in the HIV positive group (p < 0 001,
< 0-01, < 0 001) or in the patients with non-pulmon-
ary Kaposi sarcoma (p < 0-001, < 0 05, < 0-001), and
TLCO and FVC were lower than in AIDS patients
without Kaposi sarcoma or opportunist lung infection

Table 1 Age ranges, smoking habits, and breathlessness ofpatients in the different groups

Non-KS
Non-lung non-lung Acute Post Lung Lung

HIV+ PGL ARC KS AIDS PCP PCP myco KS
(n= 33) (n = 47) (n = 33) (n = 16) (n = 6) (n = 13) (n = 17) (n = 3) (n = 1)

Age range (y) 22-49 23-49 19-50 23-57 26-38 26-51 24-53 37-63 42
Smokers (%) 60 87 69 76 67 73 47 67 Smoker
Mild dyspnoea (%) 3 17 39 41 33 73 35 100 0
Severe dyspnoea (%) 0 0 3 0 0 20 0 0 0

HIV +-symptom free but seropositive; PGL-persistent generalised lymphadenopathy; ARC-AIDS related complex; non-lung KS-Kaposi
sarcoma without lung lesions; non-KS, non-lung AIDS-AIDS without Kaposi sarcoma and without opportunist lung infection; PCP-
pneumocystis carinii pneumonia; post PCP-more than one month after PCP; lung myco-pulmonary mycobacterial infections; lung KS-
Kaposi sarcoma affecting the lung.
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Fig I Carbon monoxide transfer factor (TLco), transfer
coefficient (Kco), andforced vital capacity (FVC), as

percentages ofpredicted values (means with SD) for
symptomfree men seropositivefor human immunodeficiency
virus (HIV+ ) andfor patients with persistent generalised
lymphadenopathy (PGL), AIDS related complex (ARC),
non-lung Kaposi sarcoma (KS), non-lung non-KS AIDS (for
example, cytomegalovirus infection at non-pulmonary site),
acute Pneumocystis carinii pneumonitis (PCP), post PCP
(more than one month after episode), atypical mycobacterial
lung infection (lung myco) and lung Kaposi sarcoma.

*p < 0 05; **p < 0 01; ***p < 0 001.

(p < 0-05, < 0-01). For patients with acute
pneumocystis pneumonia the mean value ofTLCO was
50% (SD 19%) of predicted. Only one of 13 patients
with acute pneumocystis pneumonia had a TLCO value
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Fig 2 Frequency distribution ofcarbon monoxide transfer
factor (TLco) values (as percentages ofpredicted values) in
the different categories ofdisease related to human
immunodeficiency virus showing numbers ofpatients with
values of less than 70% and of 70% or more. Abbreviations
as infigure 1.

greater than 70% predicted. Low values for TLCO were
also seen in patients with AIDS who had pulmonary
mycobacterial infection and in those recovering from
acute pneumocystis pneumonia (p < 0-00 1). There
were no differences in any of the measurements
between patients with acute pneumocystis pneumonia
and those with lung mycobacterial infections. In those
who had recovered from acute pneumocystis
pneumonia (post pneumocystis pneumonia) the
measurements did not differ significantly from the

Table 2 Indices of lung function (mean percentages of predicted values with SD in parentheses) measured during forced
expiration

Non-KS
Non-lung non-lung Acute Post Lung Lung

HIV+ PGL ARC KS AIDS PCP PCP myco KS
(n= 33) (n = 47) (n = 33) (n = 16) (n = 6) (n = 13) (n = 17) (n = 3) (n = 1)

FEV, 109 (17) 100 (20) 93 (21) 103 (13) 96 (21) 73 (19) 95 (21) 95 (16) 65
PEF 95 (16) 92 (16) 85 (19) 98 (26) 90 (26) 71(15) 86 (20) 71(15) 37
MEF5 94 (29) 86 (24) 88 (29) 93 (19) 85 (24) 76 (23) 87 (26) 77 (21) 52
PEF-peak expiratory flow; MEF%-maximum expiratory flow at 50% vital capacity. Other abbreviations as in table 1.
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values in the other non-pulmonary AIDS groups. The
patient with pulmonary Kaposi sarcoma had TLCO,
Kco, and FVC values of 56%, 70%, and 60%.
Although there were significant differences between

mean values for TLCO between patients with AIDS and
pulmonary disease and other HIV positive patients,
there was some overlap (fig 2). If a TLCO value of less
than 70% predicted were used to diagnose
pneumocystis pneumonia the sensitivity of the test
would be 92% and the specificity 72%. The positive
predictive value would be only 24%, whereas the
negative predictive value would be 99%.

Measurements of airway function (FEVY, PEF,
MEF50) gave values within the normal predicted range
in the HIV positive, persistent generalised lymphaden-
opathy, AIDS related complex, and non-pulmonary
AIDS groups (table 2). Patients with pulmonary
complications of AIDS (acute pneumocystis
pneumonia, post pneumocystis pneumonia, lung
Kaposi sarcoma, and lung mycobacterial infection)
had reductions in FEV,, PEF, and MEF51. FEV, and
PEF were significantly lower (p < 0.01) in acute
pneumocystis pneumonia than in the symptom free
HIV positive group.

Discussion

Like previous studies, this investigation showed that a

low value for TLCO was a sensitive index ofpulmonary
disease in AIDS,6 being reduced in over 90% of
patients with acute pneumocystis pneumonia (12 of 13
patients). Low values for TLCO were not specific for
acute pneumocystis pneumonia, similar reductions
being seen in the other pulmonary complications of
AIDS (recovery from pneumocystis pneumonia, lung
Kaposi sarcoma, and mycobacterial infection). None
of the patients in this study practised intravenous drug
abuse, which is independently associated with a low
TLCO value.'0 The interesting observation of this study
was that TLCO was significantly lower in patients with
AIDS who had no clinical evidence of pulmonary
complications and in patients with the AIDS related
complex than in symptom free HIV positive patients
or those with persistent generalised lymphadeno-
pathy. Furthermore, a significant reduction in FVC
was seen in patients with the AIDS related complex.
The proportion of patients with dyspnoea on exertion
was also greater in the AIDS related complex and non-

pulmonary Kaposi sarcoma than in symptom free
HIV positive patients and those with persistent gen-

eralised lymphadenopathy (table 1). Similar numbers
were smokers in all the HIV disease categories.

There are several possible explanations for these
findings. Pneumocystis pneumonia can have an

insidious onset lasting up to three months." 2 Possibly
some of those with non-pulmonary AIDS in fact had

"early" pneumocystis pneumonia and abnormalities
of lung function were the first manifestation.
Similarly, the abnormalities seen in patients with the
AIDS related complex may be the first indication of
the slow development of their first opportunist pul-
monary infection or neoplasm. Alternatively, infec-
tion with HIV may result in lung damage directly.
Direct damage occurs in other organs (for example, in
AIDS encephalopathy'3), and HIV has been isolated
from lung tissue and alveolar macrophages from
patients with AIDS.'4 The changes in pulmonary
function may therefore be the result of a non-specific
interstitial pneumonitis, which is being increasingly
recognised in the context of HIV related disease.'516
Prospective longitudinal studies may clarify this issue.
We did not routinely measure arterial blood gas
tensions or the alveolar-arterial oxygen difference in
these patients (although arterial blood gas tensions
were measured before bronchoscopy).

This study showed that routine lung function tests,
particularly the TLCO, were a useful adjunct in iden-
tifying patients with pulmonary complications of
AIDS, the values being lower than in the other patients
who had reductions. In view of the overlap with other
groups of patients, however, abnormalities of lung
function need to be interpreted and acted on in the
context of the clinical presentation and the chest
radiograph. Isolated measurements are probably of
less value than sequential measurements. A reduction
in TLCO is, however, a sensitive if not specific index of
pulmonary complications in AIDS, and if found in an
individual patient should encourage further investiga-
tion, such as bronchoscopy. This study also showed
that abnormalities in results of lung function tests
occurred without overt clinical evidence ofpulmonary
disease in patients with HIV infection. A satisfactory
explanation for the observed reductions in lung func-
tion in those with the AIDS related complex and non-
pulmonary AIDS remains to be found, and the
prognostic and predictive value of these changes needs
to be evaluated.

This study was supported by the British Lung Founda-
tion.
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