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Educational aims
To describe more recent techniques used to study the regional distribution of ventilation. 
To learn the most frequent abnormal patterns of lung ventilation scintigraphy (LVS) in 
obstructive lung diseases.
To compare the information obtained by this technique with that obtained by traditional 
lung function tests.
To understand that LVS may provide further information on lung pathophysiology.

Summary
LVS is a well known technique that is used to study the distribution of ventilation in pul-
monary diseases. However, its application in current practice has been poorly developed,
mainly because of methodological problems. Redistribution of convective ventilation is the
leading disorder in patients with chronic obstructive pulmonary disease (COPD) and is the
target of most treatments, either by drugs or mechanical ventilation. The current availability
of a new delivery inhaler (FAI; Medical Products Research, Legnano, Italy) with fine particles
allows:  1) fast aerosol administration; 2) high-quality early images; 3) improved visualisation
of pulmonary periphery; and 4) wider physiological distribution of the radioaerosol. Several
patterns of distribution of pulmonary ventilation can be described in different airway dis-
orders (asthma and COPD). These abnormalities are often too subtle to be picked up by
traditional lung function tests, both in the baseline evaluation and after different interven-
tions. Wider use of this technique may increase the knowledge and the management of
obstructive lung diseases.

Figure 1
Millennium MPR device (GE
Medical Systems; GE Healthcare,
Chalfont St Giles, UK).
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The regional distribution of lung ventilation
represents a major physiological determi-

nant of the efficiency of pulmonary gas
exchange, together with the regional distribu-
tion of pulmonary flow (perfusion) and abnor-
malities of gas diffusion at the level of the alve-
olar capillary membrane [1]. Currently, there is
considerable interest in studying one of the two
major factors affecting the ventilation/perfu-
sion ratio, often obtained by means of complex
technologies (such as the multiple inhert gas
elimination technique [2]), both in normal sub-
jects and in pulmonary disease patients. The
regional distribution of ventilation has been
studied in some pathological situations, for
example in pulmonary embolism or in anatomi-
cal intrapulmonary shunt. In the first situation,
pulmonary regions where ventilation is pre-
served and perfusion is lacking have been con-
sidered as proof of the presence of pulmonary
embolism [3]. However, this point has not been
confirmed in other studies [4]; therefore, the
usefulness of adding ventilation to a perfusion
scan is questionable. Conversely, nonventilated
pulmonary regions with pulmonary flow may be
considered as an indication of a consistent
anatomical shunt [5].

This review aims to show the sensitivity of
LVS, with respect to other more widely used lung
function tests, in characterising patients affected
by various obstructive lung diseases (such as
asthma, chronic bronchitis and/or pulmonary
emphysema), and in assessing the efficacy of
treatment including mechanical ventilation.

Using a well-defined and standardised method-
ology, it is possible to demonstrate that this imag-
ing technique may offer additional information
to that provided by traditional lung function
tests. In certain circumstances, LVS can provide
improved physiological measurements, for exam-
ple by showing functional impairment in many
pathological lung conditions, as well as revealing
the efficacy of pharmacological and nonpharma-
cological treatments.

Methodological issues
in studying the
distribution of
pulmonary ventilation
Inhaled radionuclide-labelled aerosols remain
the most important clinical tool used to assess
regional ventilation [6]. However, ROBERTSON [7]
points out, according to earlier observations [8],
that aerosol deposition on the large conducting
airways can significantly impair evaluation of
the regional distribution of ventilation in
patients with severe airflow obstruction.
ROBERTSON [7] suggests that this artefact can be
minimised with the use of Technegas as the
aerosol label, since the mean particle diameter
is <0.01 μm; aerosol particles at this size yield a
higher fractional deposition due to enhanced
motion by diffusion and are small enough to
avoid impacting on airway walls [7]. A compar-
ison of Technegas with 133Xe ventilation scans

Figure 4
Ventilation patterns of deposition.
a) Normal deposition, b) inhomo-
geneous deposition (ID), c) spotty
deposition, d) central deposition
(CD), e) mixed deposition (ID and
CD).

a) b) c)

d) e)
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Radioactive particle aerosol
Freshly eluted 99mTc-pertechnetate (925 MBq in 3 mL physiological saline) is added to a vial con-
taining lyophilised nanocolloidal albumin (Venticoll; GE Healthcare, Chalfont St Giles, UK) [25, 26],
and stirred slowly for 5 min. It is then incubated for 15 min. 

FAI (Italian patent no. ITPI20020018)
The commercial Mallinckrodt Medical inhaler (MMI; Mallinckrodt Medical, Hazelwood, MO, USA)
is a plastic nebuliser set in a lead box connected to compressed air that operates at an air flow of
14–16 L per min and is used for the lung ventilation scan (figure 1). Upon inspiration, the radioac-
tive aerosol produced by the nebuliser reaches the mouthpiece through 30 cm of corrugated plas-
tic tubing. The radioactive aerosol produced by the FAI device uses the same nebuliser as the
MMI (operating at 14–16 L per min) and flows through the same corrugated tubing that, in this
inhaler, connects the MMI nebuliser to a Y-shaped tube (new inhaler device) leading to the
mouthpiece (technical details are described elsewhere [27]; figure 1). The size and distribution of
aerosol particles produced by the FAI system at the mouthpiece was measured using the Cascade
Impactor (SKC Inc., Eighty Four, PA, USA). The FAI delivers droplets with a log-normally distributed
diameter, a count median diameter of 1.4 μm and a geometric SD of 2.0, with 80% of the parti-
cles in the range of 0.5 to 2 μm, which are ideal for delivering drugs to (i.e. reaching) peripheral
airways and alveoli [26]. However, according to BRAIN and VALBERG [28], some 20% of particles
this size are deposited in the pulmonary region. 

Lung ventilation scintigraphy
While breathing the radioactive aerosol, the subject sits with his/her back positioned against the
collimator face of a gamma camera equipped with a parallel-hole, high-resolution collimator
(Millennium MPR; GE Medical Systems; figure 2). After setting a 10% window on the 140 keV emis-
sion peak of 99mTc, a dynamic acquisition is performed (30 s per frame, 64×64 pixel matrix), which
monitors count rate until it reaches 1 kc per s (time required to reach a certain count rate in the
lung fields). At that point inhalation is stopped and static images in six planar projections (anterior,
posterior, right and left lateral and right and left oblique-posterior) are obtained, recording 100,000
counts for each projection (256×256 matrix). The imaging protocol for the commercial device
(MMI) also implies a delayed acquisition recorded at 3 h, because in the early images there is a

Materials and methods for LVS using radionuclide-labelled aerosol particles and the FAI inhaler

Figure 2
a) The radioactive aerosol (Mallinckrodt Medical nebu-
liser; Hazelwood, MO, USA) flows through 30 cm of cor-
rugated tubing, which connects the nebuliser to one
horizontal arm of a Y-shaped tube leading to the mouth-
piece. The other horizontal arm of the Y-tube is
connected to another corrugated tube with a one-way
silicon membrane valve that allows exit of the expired
air through a radioactivity capture filter. b) The device
employed for the lung ventilation scan is a plastic nebu-
liser set in a lead box, connected to a source of com-
pressed air operating at an air flow of 14–16 L per min. 

a) b)

lung ventilation review.qxd  13/02/2009  17:51  Page 4



255Breathe |  March  2009  |  Volume 5  |  No 3

Lung ventilation scintigraphy in the assessment of obstructive lung diseases

physiological accumulation of radioactivity in the large bronchial branches that could be mistakenly
interpreted as a pathological CD pattern [10]. A pilot study, previously carried out in 50 subjects,
showed that a similar pattern of CD was never observed in healthy subjects when using the FAI
device, making delayed acquisition unnecessary [27, 29] (figure 3). 

Patients are invited to rinse out their mouth and throat, in order to remove labelled particles
deposited on the pharynx. Despite this procedure, physiological gastric activity of various degrees
may be observed on scintigraphic images.

Figure 3
A normal LVS in the six standard projections: a) ante-
rior, b) posterior, c) right lateral, d) left lateral, e)
right oblique-posterior and f) left oblique-posterior.
Normalventilation deposition consists of a uniform
distribution of aerosol particles throughtout the lung
according to the physiological apex to base gradient,
and at the clearly defined peripheral edges of both
lungs.  

a) b)

c) d)

e) f)

in patients with airflow obstruction showed no
airway deposition of the aerosol despite the
severe airflow obstruction of the subjects stud-
ied [9]. The problem with aerosol particles of
this size is that they largely adhere to walls of
the alveoli on inhalation and they have gas-like
penetration characteristics [10]. For this reason,
Technegas may not be suitable for the study of
convective ventilation, whose distribution
within the lung is determined by ventilatory
mechanics [11]. 

The use of radioactive aerosols provides
more detailed information on regional ventila-
tion abnormalities caused by COPD [8, 10].  In
particular, four specific patterns bearing a well-
defined pathophysiological meaning have been
identified in addition to the normal deposition
(ND) pattern. These are the inhomogeneous
deposition (ID) pattern, the central deposition
(CD) pattern, the spotty deposition (SD) pattern
and the mixed deposition (MD) pattern. These
patterns cannot be seen in lung ventilation
scans performed with gaseous tracers [8, 10–18].

Ventilation of the alveolar space is based on
two main mechanisms: mass transport (convec-
tive ventilation) and molecular diffusion (diffusive
ventilation). Convective flow takes inhaled gases
only as far as the respiratory space close to the
bronchioles, while the remaining air volume is
renewed by molecular diffusion. Therefore, a ven-
tilation lung scan performed with a gaseous

tracer yields a picture of the total air space in the
lungs. Inhaled particles have a smaller diffusion
capacity; thus, they are carried only by convective
airflow and can be considered as tracers for mass
transport (respiratory space up to the 21st-order
bronchioles) [19, 20].

Furthermore, aerosol particles are much heav-
ier than gas molecules; therefore, unlike gas
molecules, some particles transported by airflow
[21–24] settle in the peripheral respiratory
elements through a mechanism of gravitational
sedimentation [19, 21]. Since the proportion of
small particles settling in the conductive airways
(trachea and major bronchi) by inertial impact is
very low [10, 19], lung ventilation scans per-
formed with radioactive particles yield informa-
tion mostly on convective ventilation. The volume
where the particles distribute, defined as residual
volume (RV), is very similar to the volume of the
respiratory bronchioles [22–24].

Qualitative evaluation
of scintigraphic images
As previously described [10], qualitative evalu-
ation of the ventilation lung scans consists of
visual analysis of the intrapulmonary distribution
of the inhaled radioactive aerosol, which allows
for identification of the predominant pattern of
deposition (figure 4).
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The ND pattern is characterised by normal
distribution of radioactivity in both lung fields
with clearly defined peripheral lung edges and
a physiological apex-to-base gradient. The ID
pattern shows patchy areas in the peripheral
regions of the lungs due to altered deposition of
the particles, so that the peripheral pulmonary
edges are irregular or incomplete. In the CD pat-
tern, radioactivity is predominant in the
hilar–parahilar region (i.e. close to the first or
central bronchial generations), with an associ-
ated background of ID of ventilation. The SD
pattern (which corresponds to the extreme
degree of inhomogeneity for ID of the inhaled
particles) is characterised by focal depositions of
radioactivity (spots) within low-radioactivity
count areas. Finally, the MD pattern shows
intermediate features in the distribution of
ventilation.

Although the most common five patterns
of ventilation deposition are shown in figure 4,
the CD that characterises the MD can be asso-
ciated not only with an ID pattern but also
with an SD pattern with a mixed pattern (CD
and SD).

Assessment of 
intra-pulmonary
distribution of
ventilation
The loss of intraregional homogeneity in the dis-
tribution of ventilation can be semiquantita-
tively assessed on the basis of the
"counts/pixel" (C/pixel) ratio, by applying the
"automatic region of interest (ROI)" function of
the Entegra software package (GE Healthcare).
This function generates an ROI on the posterior
projection of each lung field obtained during
the ventilation scan, based on radioactivity
count iso-profiles. A "30% threshold" ROI was
created, defining the boundary of an area
smaller than the whole organ. The mean
C/pixel ratio is then derived within the "30%
threshold" ROI. Healthy lungs are characterised
by diffuse distribution of ventilation with a rela-
tively low average C/pixel ratio (mean value in
a large sample of subjects with normal lung
function [10–12]); on the contrary, in lung dis-
ease, ventilation tends to be distributed to lim-
ited areas, with a consequent increase in the
C/pixel ratio (figure 5). This ratio, which is
directly proportional to the severity of the
impairment in ventilation distribution, can be
considered to represent a semiquantitative
index of inhomogeneity of intrapulmonary
ventilation [30].

By changing the activity threshold of the
"automatic ROI" analysis from 30 to 10%, an
area is defined that includes virtually all lung
fields extending to the periphery (figure 5). This
analysis is utilised to assess the extent of venti-
lated areas, expressed in pixels [31, 32].
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a) b)

c) d)

Figure 5
LVS (a and b) and C/pixels 10% threshold ROI (c and d) in acute asthma before (a and c) and
after 5 days of treatment (b and d). c) Index of inhomogeneity 18.58 and d) index of
inhomogeneity 9.61.

Figure 6
LVS pattern of a 70-year-old ex-
smoker with chronic bronchitis.
Blood gas analysis and pulmonary
function test results were as fol-
lows. Forced vital capacity (FVC)
127% predicted; forced expiratory
volume in 1 s (FEV1) 127% pred;
FEV1/FVC ratio 89%; vital capacity
139% pred; total lung capacity
114% pred; and RV 107% pred.

lung ventilation review.qxd  13/02/2009  17:51  Page 6



257Breathe |  March  2009  |  Volume 5  |  No 3

Lung ventilation scintigraphy in the assessment of obstructive lung diseases

Examples of clinical
applications of LVS
Simple chronic bronchitis
Chronic bronchitis without airway obstruction
("simple chronic bronchitis") is believed to be an
innocuous disease, with minor functional abnor-
malities and poor prognostic value. However, LVS
may reveal significant impairment of the distribu-
tion of ventilation. Figure 6 shows the LVS pattern
in a patient with chronic cough and phlegm, nor-
mal lung function tests but a clear abnormal
mixed (CD, ID) ventilation pattern, which
matches the presence of respiratory symptoms.
The pattern of CD underlines the fact that,
despite normal forced expiratory volume in 1 s
(FEV1), airway resistance is increased, while the
pattern of ID shows that this fact, together with
the small airways involvement (poorly detected
by traditional lung function tests), may affect the
distribution of ventilation and peripheral gas
exchange.

Asthma
Figure 7 shows LVS in a patient with a diagnosis
of nonallergic asthma, observed in a stable phase
of the disease. At baseline, although lung func-
tion tests were within the normal limit in this
patient, the pattern of ventilation was abnormal,
with a clear mixed (CD, ID) pattern, and the
patient showed a significant improvement after 1
week of treatment with inhaled bronchodilators
and corticosteroids. Moreover, FEV1 improved in
association with a great improvement in the dis-
tribution of ventilation in particular, CD was no
longer observed and the distribution of ventila-
tion in the lung periphery was more homoge-
neous. Therefore, in asthma, normal FEV1 does
not exclude the presence of lung function abnor-
malities, which may be susceptible to further
improvement with treatment. This may also be
due to the limitations of the currently available
"reference" values for spirometry, which tend to
underestimate the impairment of lung function.

In another patient with nonallergic asthma
(figure 8), respiratory symptoms (persistent
cough, phlegm and dyspnoea) were still present,
in spite of regular treatment with low-dose
inhaled corticosteroids; a chest radiograph
showed the presence of some abnormalities (in
particular, lung hyperinflation and reduction in
peripheral vascular markings; figure 8). However,
high-resolution computed tomography showed
only minor signs of pulmonary emphysema and

limited bronchioloectasis. Lung function tests
showed the presence of moderate airway
obstruction (FEV1/forced vital capacity (FVC)
ratio 83%, FEV1 73% pred). At baseline, the
presence of a CD pattern corresponds to the
degree of airway obstruction and to normal gas-
exchange (figure 9a and table 1). The patient
started treatment with high-dose inhaled corti-
costeroids and long-acting β2 agonists, and he
was followed-up for 1 year with spirometry,

a) b)

Figure 7
LVS pattern of a 31-year-old ex-
smoker with nonallergic asthma at
a) baseline (FEV1 104% pred) and
b) after 1 week of inhaled therapy
(FEV1 112% pred). Blood gas anal-
ysis and pulmonary function test
results were as follows. FVC 114%
pred; FEV1 104% pred; FEV1/FVC
ratio 89%; vital capacity 123%
pred; RV 93% pred; diffusing
capacity of the lung for carbon
monoxide 96%; and transfer coef-
ficient of the lung for carbon
monoxide 88%.

Figure 8
Two chest radiographs of a 53-
year-old, ex-heavy smoker with
nonallergic asthma. 
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blood gas analysis and LVS. After 3 months, lung
function tests were normal, and LVS was
markedly improved, but still showed a CD pat-
tern (figure 9b and table 1). In the following
months, pulmonary function was maintained in
the normal range, without any further improve-
ment, while LVS progressively improved, showing
an almost ND pattern (except for two areas of
CD in the left lung) after 6 and 12 months of
treatment (figure 9c and d and table 1).

This case supports the superior sensitivity of
LVS in comparison with traditional lung function
parameters, in monitoring the effect of treatment
in asthma. Although this conclusion needs to be
supported by a larger number of observations,
the large changes in LVS over time in this subject,
in association with a mild improvement in FEV1,
suggest that lung ventilation pattern might offer
further information to that obtained from tradi-
tional lung function tests.

COPD
In COPD, the distribution of lung ventilation is
strongly affected by the severity of airway
obstruction and the parenchymal damage due to
emphysema. A mixture of SD, CD and ID may be

observed. The abnormality in regional lung venti-
lation may contribute to explain the pathophysio-
logical abnormalities observed in these patients.

Figure 10 shows a patient with radiological
signs of pulmonary emphysema (hyperinflation,
reduction in vascular markers in lung periphery
and enlargement of pulmonary vascular mark-
ings at the hila). The lung function tests confirm
the presence of severe airway obstruction with an
abnormal increase in RV and functional residual
capacity (FRC), and a severe reduction in the dif-
fusing capacity of the lung for carbon monoxide
(DL,CO) and transfer coefficient of the lung for car-
bon monoxide (KCO). The pattern of ventilation
deposition is SD, reflecting an extreme degree of
inhomogeneity distribution of aerosol particles in
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Figure 9
Posterior LVS patterns at a) base-
line and b) 3 months, c) 6 months
and d) 12 months after beginning
treatment with high-dose inhaled
corticosteroids and long-acting β2
agonists. 

Baseline 3 months 6 months 12 months
FVC % pred 86 91 89 92
FEV1 % pred 73 95 90 94
FEV1/FVC % 83 93 94 94
DL,CO % 73 83 84 88
pH 7.41 7.40 7.41 7.39
Pa,O2 mmHg 84 83 93 96
Pa,CO2 mmHg 39 40 40 38

DL,CO: diffusing capacity of the lung for carbon monoxide; Pa,O2: arterial oxygen tension;
Pa,CO2: arterial carbon dioxide tension. 1 mmHg = 0.133kPa.

Table 1     Blood gas analysis and pulmonary function test results

Figure 10
a) Chest radiograph and b) LVS pattern from a 72-year-
old COPD patient with hypercapnic respiratory failure.
Blood gas analysis and pulmonary function test results
were as follows. FVC 74% pred; FEV1 29% pred; FEV1/FVC
ratio 30%; vital capacity 76% pred; RV 181% pred; FRC
177% pred; DL,CO 38%; KCO 48%; pH 7.39; oxygen ten-
sion 71 mmHg; and carbon dioxide tension 42 mmHg.
1 mmHg = 0.133 kPa. 

a)

b)

b)a)

d)c)
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the lungs. Moreover, in this patient the gradient
of ventilation distribution is inverted (base-apex
and not apex-base). The pattern of SD associated
with an inverted gradient of ventilation distribu-
tion justifies a severe impairement of gas
exchange, more often characterised by hypercap-
nic respiratory failure.

Figure 11 shows a different subject with pul-
monary emphysema and moderate-to-severe air-
way obstruction, associated with an abnormal
increase of static lung volumes (vital capacity
(VC), RV and FRC) and a mild reduction of DL,CO
and KCO. LVS images show aN MD pattern with
several areas of "spotty ventilation"; however, the
gradient of ventilation was maintained, which
can contribute towards explaining the mild
impairment of gas exchange. 

Therefore, LVS may add further information to

the functional evaluation of COPD, in addition to
that already obtained from the traditional lung
function tests, and may contribute to characteris-
ing the different phenotypes of COPD.

The efficacy of treatment during an acute
exacerbation may also be documented by LVS. A
58-year-old heavy-smoking male patient who was
a candidate for abdominal surgery was observed
in pre-surgery evaluation during an acute exacer-
bation of COPD. Lung function tests and blood
gas analysis documented the severity of the dis-
ease (figure 12 and table 2). A lung ventilation
scan showed a severe abnormality of lung venti-
lation distribution, with a CD and SD pattern. The
patient was treated with high-dose inhaled
corticosteroids and long-acting β2 agonists, and
he also reduced his smoking habit. After 1 week,
lung function and gas exchange were markedly
improved, as was ventilation lung distribution  in
particular, the deposition of inhaled particles was
more peripherally distributed and the CD was
reduced.

Mucous plugging in the central and periph-
eral airways is a major problem in COPD patients,
and several therapeutic strategies may be used to

Figure 11
FVS pattern of a 69-year-old ex-smoker with emphy-
sema. Blood gas analysis and pulmonary function test
results were as follows. FVC 119% pred; FEV1 54% pred;
FEV1/FVC ratio 41%; VC 134% pred; RV 241% pred; FRC
230% pred; DL,CO 77%; KCO 72%; pH 7.39; oxygen ten-
sion 71 mmHg; and carbon dioxide tension 42 mmHg.
1 mmHg = 0.133 kPa. 

Figure 12
Pre-abdominal surgery LVS results
a) at baseline and b) after 1 week
of a reduction in smoking and
treatment with high-dose inhaled
corticosteroids and long-acting β2
agonists for a 58-year-old heavy-
smoking COPD patient.

a)

b)

Baseline 1 week
FVC % pred 68 116
FEV1 % pred 31 67
FEV1/FVC ratio % 44 56
pH 7.42 7.42
Pa,O2 53 69
Pa,CO2 44 43

Pa,O2: arterial oxygen tension; Pa,CO2: arterial carbon
dioxide tension.

Table 1     Lung function analysis and 
blood gas analysis results
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promote the removal of secretions from the air-
ways. Both pharmacological and physiothera-
peutic techniques are recognised as effective
treatments. A new option may be to use minimal
positive pressure ventilation to promote the pro-
gression of airway secretions from the lung
periphery to the proximal airways. A new appa-
ratus using this technique is the Uniko T-PEP
(Medical Products Research, MPR, Legnano,
Italy), which applies a minimal positive expiratory
pressure (1 cmH2O (0.0977 kPa)) in the first two-
thirds of the expiration, without any positive inspi-
ratory support. This improves expiratory flow,

allowing a better clearance of secretions from the
airways.

Figure 13 shows the ventilation deposition
pattern (CD, SD) in a patient affected by COPD
(emphysema). The baseline CD pattern of venti-
lation deposition in the anterior and posterior
projections (figure 13a) improves dramatically
after 30 min of treatment with Uniko T-PEP,
which induces an important discharge of airway
secretions. LVS performed after Uniko T-PEP treat-
ment (figure 13b) shows a marked reduction of
central deposition, a significant trend to a more
peripheral lung distribution of ventilation and a
well-defined pattern (SD) of ventilation deposi-
tion, which is consistent with a diagnosis of
emphysema.

The efficacy of this treatment may be better
documented by the observation of the dynamic
acquisition of ventilation in the posterior lung
projection (2 frames per min for 30 min) during
Uniko T-PEP (1 cmH2O (0.0977 kPa); figure 14).
Figure 14 shows a continuous reduction until a
complete disappearance of the CD after 10 min,
confirming, in this patient, the efficacy of mini-
mal Uniko T-PEP treatment on the discharge of
airway secretions. 

These last two patients consented to take
part in a protocol concerning the study of
regional distribution of ventilation and its modifi-
cation under application of minimal Uniko T-PEP
treatment in patients affected by COPD, before
and after major abdominal surgery [33].

Conclusions
LVS is a well-known technique for the assessment
of the regional distribution of ventilation in nor-
mal subjects and in several pulmonary diseases.
Despite the potential interest in studying this
physiological measurement, the imaging tech-
nique has not been widely applied in current
practice, mainly because of the many technical
problems of the previous methodology. The use
of a new delivery system of inhaled particles, com-
bined with the characteristics of the radiolabelled
particles, leads to the creation of an extra-fine
aerosol, which may reach the lung periphery with-
out any relevant deposition in the large airways
in normal subjects. Using this new methodology,
many artefacts that were observed with the older
techniques (mainly due to excessive deposition in
the large airways, which may mask the lung
periphery) are overcome.

The description of the different patterns of
lung deposition may be helpful to improve the

260 Breathe |  March  2009  |  Volume 5  |  No 3

Lung ventilation scintigraphy in the assessment of obstructive lung diseases 

Figure 13
Anterior and posterior static LVS
images before (a and c) and  after
(b and d) Uniko T-PEP (Medical
Products Research, MPR, Legnano,
Italy) treatment.

Figure 14
Dynamic ventilation for 12 min (1
frame per min) during Uniko T-PEP
(Medical Products Research, MPR,
Legnano, Italy) treatment.

b)a)

d)c)
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characterisation of obstructive lung disease.
Despite these definitions, the sensitivity and
specificity of the different ventilation scan pat-
terns in comparison with the clinical diagnosis of
airway disease (asthma versus chronic bronchitis
versus emphysema) or with the chest tomo-
graphy pattern (e.g. extent and localisation of
emphysema) will require a large number of sub-
jects. Preliminary observations from the present
authors' laboratory suggest that the sensitivity of
LVS for detecting abnormalities in subjects with

airway obstructive diseases is high (>90%). Also,
the specificity of specific patterns of lung ventila-
tion (such as CD or SD for asthma or emphysema,
respectively) has been found to be high (FAZZI et
al. unpublished observations).

Abnormalities in the pattern of lung deposi-
tion are more sensitive than changes in lung
function tests and may be more sensitive to the
effect of different treatments. Wider use of this
technique may increase the knowledge and man-
agement of obstructive lung diseases.
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Educational questions
Are the following statements
true or false?
1. LVS is a more sensitive tech-
nique compared with lung
function tests.                            
2. LVS is an invasive test that is
difficult to perform on patients
with respiratory failure.
3. Patterns of ventilation depo-
sition do not show diagnostic
specificity. 
4. LVS results in a high
absorbed radiation dose.            
5. The interval of time between
LVS at baseline and controls
must be ~1 week. 
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Suggested answers
1. True.
2. False.
3. False.
4. False.
5. False.

30.  Kaneta T, Yamazaki T, Maruoka S, et al. Correlation of pulmonary perfusion volume analysis with pulmonary function in
emphysema. Kaku Igaku 2000; 37: 359–364.

31. Uchida K, Miyasaka T, Nakayama H, et al. An application of semiquantitative analysis of pulmonary scintigram to tubercu-
losis sequelae. Kaku Igaku 1996; 33: 753–757.

32. Uchida K, Nakayama H, Yamagami I, Takahashi H, Takano M. Correlation of semiquantitative analysis of the distribution of
pulmonary perfusion with pulmonary function in chronic obstructive pulmonary disease. Kaku Igaku 1997; 34: 145–149.

33. Fazzi P,  Girolami G, Albertelli R, Grana M, Mosca F, Giuntini C. IPPB with temporary expiratory pressure (T-PEP) in surgical
patients with COPD. Eur Respir J 2007; 30: Suppl. 51, P1980.

ERS School course: Medical aerosols
In collaboration with the International Society
for Aerosol Medicine, the ERS will organize a 3-
day course on Medical Aerosols: Ins and Outs of
Inhalation Therapy in Amsterdam (Netherlands),
from November 12–14, 2009. The course will
provide state-of-the art knowledge of basic
aerosol science needed to deliver optimal clini-
cal care, New nebuliser technologies, key issues
of treating diseased airways, paediatric and
adult aspects of aerosol medicine, and much
more. It will include lectures in the morning and
a wide range of workshops in the afternoon.
Programme and registration are available at:
www.ersnet.org/schoolcourses  
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