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SHORT COMMUNICATION

INTRODUCTION

PATIENTS with hyperthyroidism frequently complain of
dyspnea, exercise intolerance and breathlessness despite
elevated resting cardiac output.1,2 In several studies, nu-
merous abnormalities such as skeletal muscle myopathy,2

respiratory muscle weakness,3,4 reduction in lung vol-
umes5 and left heart failure6 have been considered as the
causes of these symptoms in hyperthyroidism. It is well
known that abnormalities of diffusion capacity of lungs
may be also responsible for the respiratory symptoms in
the early phase of lung diseases.7 Experimental studies
showed that thyroid hormones might play a potent role in
lung surfactant metabolism, which is important for dif-
fusion capacity of lungs, in the rat.8,9 However, to our
knowledge, evaluation of alveolar-capillary membrane
permeability in patients with hyperthyroidism where a
radioaerosol scintigraphy method is used has not been
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reported in the literature.
Technetium-99m-diethyltriaminepentaaceticacid (Tc-

99m DTPA) radioaerosol scintigraphy is well defined as
a sensitive and non-invasive method for evaluation of the
alveolar-capillary barrier in different interstitial lung dis-
eases or lung toxicities.10–16 Tc-99m DTPA is deposited
in the lining layer of the pulmonary epithelial surface, and
transfer of this hydrophilic solute across the alveolar-
capillary barrier depends on passive diffusion through the
intercellular junctions of the epithelium and endothe-
lium.11,12,17 The overall change in alveolar clearance of
the solute is determined by interplay of the surface area for
transfer, the concentration gradient across the alveolar-
capillary membrane, and the distance of the diffusion
pathway of the solute.12

The objective of this study was to evaluate the perme-
ability of the pulmonary alveolar-capillary in patients
with hyperthyroidism by using Tc-99m DTPA radioaerosol
scintigraphy, and to assess the relationship between Tc-
99m DTPA radioaerosol scintigraphy and the spirometric
measurements in hyperthyroid patients.

MATERIAL AND METHOD

We enrolled 19 (13 female, 6 male, mean age; 48.3 ± 13.7
years old) hyperthyroid patients and age-matched, sex-
matched 16 (11 female, 5 male, mean age; 50.5 ± 8.5 years
old) healthy subjects in this study. Smokers, alcoholics,
and patients having any respiratory disease, cardiac fail-
ure, severe arrhythmias, diabetes mellitus, chest defor-
mity, or obesity (body mass index > 30 kg/m2) were
excluded from the study. Chest x-rays were interpreted by
the same pneumologist who was masked to judge the scan
results. The study was approved by the local ethics com-
mittee and all participants were informed according to the
Helsinki Committee requirements.

The diagnosis of hyperthyroidism was made by clinical
examination and confirmed by measuring free tri-
iodothyronine (fT3), free thyroxine (fT4) and thyroid-
stimulating hormone (TSH). Thyroid hormones were
assessed by chemiluminescent immunoassay methods
(Immulite-DPC, USA). Patients with above normal fT4

and/or fT3 levels and low TSH levels were regarded as
hyperthyroid (the normal range fT3: 1.8–4.2 pg/ml, fT4:
0.8–1.9 ng/dl, TSH: 0.4–4 µIU/ml). Control subjects had
normal thyroid hormone levels.

The breathing rates of all participants were measured
on arrival. Then, spirometric lung function tests were
performed using a dry spirometer (V-Max 22 device,
Sensor Medics, CA) by one technician who was blinded
to the patient’s clinical data. Measurements were per-
formed at the time of diagnosis before any treatment.
Patients were taught how to perform the test, and it was
repeated to obtain at least two identical readings. All tests
were performed in the resting state with the subject seated
and nose clip in place. Spirometric pulmonary function

tests such as vital capacity (VC), force vital capacity
(FVC), 1-s forced expiratory volume (FEV1), FEV1/
FVC, and mean forced expiratory flow during the middle
of FVC (FEF 25–75) were evaluated. All parameters were
calculated automatically for age, sex, height and weight of
each participant and expressed as the percentage of pre-
dicted values (predicted %).18 A value below 80% of the
predicted value was considered abnormal for spirometric
measurements.

The diffusing capacity of the lung for carbon monoxide
(DLCO) was assessed by the Single Breath method. After
a 30 min resting period, 0.3% CO, 21% O2, and 10%
helium mixture was inhaled during normal respiration.
The patient inspired the mixture of gas from residual
volume to total lung capacity, holding his breath 10 sec,
and then rapidly exhaled to residual volume. A value of
below 80% or above 120% was considered abnormal for
DLCO. Ratio of DLCO value to the alveolar ventilation
(DLCO/VA) was used to evaluate alveolar-capillary mem-
brane permeability.19

Tc-99m DTPA (CIS bio international, France) aerosols
were chelated by introducing 1,480 MBq of sodium Tc-
99mO4-into 5 ml of normal saline. Tc-99m DTPA was
placed in the nebulizer reservoir of a commercially avail-
able system (VENTICIS Biodex III). Aerosols with a
mass median diameter of 0.8 µ were produced with
oxygen in flow of 10–12 l/min. Patients, while they are in
a sitting position, inhaled the Tc-99m DTPA aerosols for
3 min period. Approximately 10% total activity was
administered to patients during the 3-min inhalation. The
subjects were placed over a gamma camera (Orbiter;

Table 1   Thyroid hormone levels and results of the spirometric
measurements and Tc-99m DTPA radioaerosol scintigraphy of
hyperthyroid and control group

Hyperthyroid Control
p

group group

fT3 (pg/ml) 9.7 ± 4.9 3.1 ± 0.6 < 0.001
fT4 (ng/dl) 4.2 ± 1.6 1.3 ± 0.2 < 0.001
TSH (µIU/ml) 0.013 ± 0.02 1.5 ± 0.7 < 0.001
Breathing rate (min) 20 ± 3 19 ± 4 *
VC 3.0 ± 0.9 3.2 ± 0.8 *
VC % 90.3 ± 16.3 96.8 ± 12.4 *
FEV1 2.5 ± 0.8 2.7 ± 0.6 *
FEV1 % 92.6 ± 8.9 99.7 ± 12.8 *
FVC 2.9 ± 0.9 3.2 ± 0.8 *
FVC % 89.4 ± 16.6 99.1 ± 13.2 *
FEV1/FVC 84.2 ± 13.2 83.9 ± 5.7 *
FEF 25–75 2.9 ± 1.2 2.8 ± 0.7 *
FEF 25–75% 78.8 ± 18.4 87.5 ± 17.0 *
DLCO 21.3 ± 5.2 23.1 ± 6.9 *
DLCO % 80.9 ± 22.2 95.7 ± 18.4 *
DLCO/VA 5.0 ± 1.2 4.8 ± 1.7 *
DLCO/VA % 99.4 ± 22.4 105.1 ± 15.7 *
T1/2 (min) 149.1 ± 79.2 172.1 ± 83.0 *

* p > 0.05
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Siemens Corp., Iselin, NJ, USA) with low-energy; all-
purpose collimator and lung fields were imaged in poste-
rior projection. One-minute frames were acquired in a 64
× 64 matrix for a 30 min period. Regions of interest (ROIs)
were drawn around the periphery of the left and right lung,
and on the major airways on the first-minute image (Fig.
1). To obtain a pure alveolar ROI and to exclude the entire
bronchial activity, the outer one-third of each lung was
used as the peripheral lung region. The inner two-thirds of
the lung was defined as the central lung region. The
brightness of the image was increased to visualize back-
ground of the body and the lung periphery, thereby
permitting correct definition of the peripheral ROIs. Time-
activity curves from each lung were generated and curves
were corrected for Tc-99m DTPA decay. Then, the mean
of half-time (T1/2) of Tc-99m DTPA clearance rate for
each lung was calculated by placing a mono-exponential
fit on the curves.20 In our laboratory, the coefficient of
variation (CV) values for Tc-99m DTPA clearance rate
were estimated to be 1.0% (Mean Centered), 1.1% (Me-
dian Centered) on the same image, and 13.4% (Mean
Centered), 13.5% (Median Centered) on repeated scan of
the same patient.

Statistical Analysis
The SPSS 10.0 version was used in data analysis. Data are
presented as mean ± SD. The results of the hyperthyroid
and control groups were compared using Mann Whitney-
U test. Spearman rank correlation was used to assess the
relation between the T1/2 values of Tc-99m DTPA clear-
ance, spirometric lung function parameters and, thyroid
hormones levels. P < 0.05 was considered statistically
significant.

 RESULTS

The hyperthyroid group had significantly higher serum
levels of fT3 (p < 0.001), fT4 (p < 0.001), and lower serum
levels of TSH (p < 0.001), compared with those of the
control group. All participants had normal chest-x ray
findings. The results of spirometric lung function tests,
DLCO, DLCO/VA and T1/2 values of Tc-99m DTPA
clearance of hyperthyroid patients and control subjects
were shown in Table 1. There were no statistical differ-
ences between the spirometric parameters (VC, FVC,
FEV1/FVC, FEF 25–75) of the two groups (p > 0.05).
Although the mean FEV1 (mean 86.8%, range 64%–
105%) level was significantly lower in the hyperthyroid
patients than the control subjects (p < 0.01), in five
patients FEV1 was only less than 80 per cent of the
predicted value. No significant difference in the means of
DLCO, DLCO/VA or T1/2 values of Tc-99m DTPA
clearance, which determine alveolar-capillary membrane
permeability, was observed between the two groups (p >
0.05). In hyperthyroid patients, there was a positive rela-
tion between DLCO/VA, DLCO/VA % and T1/2 values of
Tc-99m DTPA clearance (p < 0.01, r = 0.782, p < 0.01,

A

B

Fig. 2   Relationship between the values of clearance rate (T1/2)
of Tc-99m DTPA and DLCO/VA % in patients with hyperthy-
roidism.

Fig. 1   This figure shows (A) regions of interest and (B) time
activity curve from a subject in hyperthyroid group from poste-
rior view of both lungs on Tc-99m DTPA radioaerosol inhala-
tion lung scintigraphy.
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r = 0.742, respectively) (Fig. 2). The lung volumes and the
levels of thyroid hormones did not show a significant
relationship to T1/2 values of Tc-99m DTPA clearance in
hyperthyroid group (p > 0.05).

DISCUSSION

In this study, we found no differences in the spirometric
lung function measurements or clearance of Tc-99m
DTPA between patients with hyperthyroidism and con-
trol subjects. In addition, the clearance of Tc-99m DTPA
was correlated with the values of DLCO/VA in hyper-
thyroid patients. We did not find a relationship between
thyroid hormone levels and the clearance of Tc-99m
DTPA, and spirometric parameters. These results indi-
cate that the permeability of the alveolar-capillary mem-
brane may be normal in hyperthyroidism.

Tc-99m DTPA technique provides a sensitive index for
evaluation of changes in the alveolar-capillary permeabil-
ity.21 It is well known that diffusion capacity depends on
numerous factors such as surfactant, lung oxygen con-
sumption, capillary blood volume available for gas ex-
change, distance between capillaries and alveoli, the
structural and functional properties of the alveolar-capil-
lary membrane, and lung volume.7 It is clear that patho-
physiological alterations of alveolar-capillary permeabil-
ity influence the clearance rate of Tc-99m DTPA of the
lungs. For example, degeneration of the alveolar-capil-
lary membrane may retard clearance of alveolar DTPA by
increasing the diffusion distance for the solute.12 Con-
versely, intercellular junctional loosening and cellular
denudations may increase the surface area for transfer of
the solute, thereby accelerating DTPA clearance.21 The
large alveolar cells in the alveolar epithelial lining synthe-
size the surfactant, which contains fatty acids and phos-
pholipids, and it is essential to maintain alveolar-capillary
stability.22 Increased surfactant over the alveolar epithe-
lium could cause an increase in the surface area of the Tc-
99m DTPA aerosol droplet with more rapid absorption
and thus, an increase in clearance rate,23 or excessive
increases of surfactant may limit the alveolar transfer of
Tc-99m DTPA due to increased diffusion distance. On the
other hand, it has been shown that when lung oxygen
consumption is increased, there is an increase in the
production of reactive oxygen radicals.24 As might be
expected, reactive oxygen radicals could induce lung
injury that is characterized by damage to cells in the
alveolar epithelium, which could be causing increased
alveolar-capillary permeability.25

Regarding hyperthyroidism, it has been shown that
phospholipid synthesis and reactive oxygen radicals are
increased due to the increased rate of oxygen consump-
tion in lung tissue in hyperthyroid rats.8,26 As expected,
we considered in this study that hyperthyroidism could
cause impaired permeability of the alveolar-capillary
membrane by several mechanisms. However, from our

results, we did not detect any dysfunction of alveolar-
capillary membrane by using Tc-99m DTPA in hyper-
thyroidism. Kumar et al.8 also reported that despite the
increased phospholipids biosynthesis in lung tissue, sur-
factant levels of hyperthyroid rats are not altered. It has
been speculated in this experimental study that the in-
crease observed in the phospholipid content of the lung
tissue in the hyperthyroid rat is likely to be due to an
accelerated synthesis of lipids. On the other hand, the
mechanism underlying the increase in clearance of Tc-
99m DTPA at high lung volume is not known, but could
be due to increased surface area for diffusion.27 In this
study, there were no differences in lung volumes between
the groups. For this reason, we think that lung volumes did
not affect the results of the clearance of Tc-99m DTPA.
To our knowledge, this is the first report to evaluate
alveolar-capillary membrane permeability in patients with
hyperthyroidism by using a radioaerosol scintigraphy
method. So, we speculate that elevated thyroid hormone
levels are not associated with increased surfactant levels
and reactive oxygen radicals in lung. There is clearly need
for further studies of interventions with the functions of
surfactant and oxygen radicals to corroborate this conten-
tion.

Concurrently, we observed that the values of DLCO
and DLCO/VA, which determine the permeability of
alveolar-capillary membrane, were similar in hyperthy-
roid patients and the healthy controls. Pino-Garcia et al.28

showed similar DLCO values in patients with hyperthy-
roidism before and after treatment when compared with a
control group. Mahajan et al.29 found that hyperthyroid
patients had similar DLCO values compared with control
subjects although significant improvement was present in
DLCO values after therapy. On the other hand, our results
clearly demonstrated a statistically significant linear rela-
tionship between DLCO/VA and the clearance of Tc-99m
DTPA in patients with hyperthyroidism.

Our results showed that alveolar-capillary integrity
was not damaged in hyperthyroid patients when com-
pared to age- and sex-matched control subjects. We
conclude that different mechanisms concerning the respi-
ratory system may cause respiratory failure in hyperthy-
roidism.

Study Limitations
This study has several limitations. First, we could evalu-
ate only 19 hyperthyroid patients. Second, our analyses
are based on a single base-line determination that may not
reflect the patient’s status in the long term. Third, the
research may have included hyperthyroid patients with
clinical evidence of lung disease.
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