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Abstract

The aims of this study were to evaluate the forced oscillation technique (FOT) and pulmonary densitovolumetry in acromegalic
patients and to examine the correlations between these findings. In this cross-sectional study, 29 non-smoking acromegalic
patients and 17 paired controls were subjected to the FOT and quantification of lung volume using multidetector computed
tomography (Q-MDCT). Compared with the controls, the acromegalic patients had a higher value for resonance frequency
[15.3 (10.9-19.7) vs 11.4 (9.05-17.6) Hz, P=0.023] and a lower value for mean reactance [0.32 (0.21-0.64) vs 0.49 (0.34-0.96) cm
H,O/L/s?, P=0.005]. In inspiratory Q-MDCT, the acromegalic patients had higher percentages of total lung volume (TLV) for
nonaerated and poorly aerated areas [0.42% (0.30-0.51%) vs 0.25% (0.20-0.32%), P=0.039 and 3.25% (2.48-3.46%) vs 1.70%
(1.45-2.15%), P=0.001, respectively]. Furthermore, the acromegalic patients had higher values for total lung mass in both
inspiratory and expiratory Q-MDCT [821 (635-923) vs 696 (599-769) g, P=0.021 and 844 (650-945) vs 637 (536-736) g, P=0.009,
respectively]. In inspiratory Q-MDCT, TLV showed significant correlations with all FOT parameters. The TLV of hyperaerated areas
showed significant correlations with intercept resistance (rs= —0.602, P<0.001) and mean resistance (rs=— 0.580, P <0.001).
These data showed that acromegalic patients have increased amounts of lung tissue as well as nonaerated and poorly aerated
areas. Functionally, there was a loss of homogeneity of the respiratory system. Moreover, there were correlations between the
structural and functional findings of the respiratory system, consistent with the pathophysiology of the disease.
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Introduction
Excessive production of growth hormone (GH) and  between 25 and 40 years of age and occurs at similar

insulin-like growth factor (IGF) results in the development  rates among men and women (1-3). lts presentation is
of acromegaly. This multisystem disease usually begins  nonspecific, and its prevalence ranges from 40 to 130
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cases per million adults (2-4). Respiratory problems are
believed to account for approximately 25% of all deaths
among patients with acromegaly (4-6). These patients
develop a variety of respiratory disorders that affect
muscle activity, cartilage and bone structure, and lung
volume. More recently, changes in the lung parenchyma of
acromegalic patients have also been described (4,7).

Some methods for measuring lung function have gained
importance with the aim of better understanding of pulmonary
complications. Such methods include the forced oscillation
technique (FOT), which is potentially important because it
has characteristics that are complementary to classical
techniques and can provide a more detailed examination,
especially considering its ability to provide early detection of
abnormalities in pulmonary function (8-10). Moreover, the
FOT is a simple method for investigating the mechanical
properties of the respiratory system and represents the
current state of the art in the assessment of lung function (11).
This method characterizes the respiratory impedance and its
two components, respiratory system resistance and reac-
tance. To the best of our knowledge, no previous studies have
evaluated the FOT in acromegalic patients.

Early diagnosis of lung complications can be effec-
tively achieved using computed tomography (CT), which
allows the diagnosis of complications caused by various
systemic diseases (12,13). Impairment of the pulmonary
parenchyma in acromegaly was reported in a previous
study (7). In a more advanced manner, lung volume can
be assessed using volumetric imaging techniques such as
multidetector computed tomography (MDCT) (14). Image
processing for quantification of lung volume using MDCT
(Q-MDCT) is accurate in predicting lung function and
enables examination of correlations with other classical
methods of volumetric analysis. Furthermore, Q-MDCT
has the potential advantage of being able to estimate
regional volumes of various compartments that are
currently determined using classifications previously
proposed in the literature (13,15-18).

Using Q-MDCT, it is possible to assess the distribution
of pulmonary aeration, calculate the volume of distinct
lung regions, and analyze various lung compartments
using three-dimensional histograms. We believe that both
Q-MDCT and the FOT can be useful in the assessment
of pulmonary impairment in acromegalic patients. We
hypothesized that acromegalic patients have heavier and
less-ventilated lungs, and that there is a correlation
between lung structure and function in these patients.
This study aimed to evaluate the use of pulmonary
densitovolumetry and the FOT in acromegalic patients
and to examine the correlations between these findings.

Patients and Methods
Patients

This cross-sectional study was conducted between
June 2012 and July 2014 and evaluated 37 patients aged
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>18 years presenting with acromegaly. Patients who
regularly attended the Hospital Universitario Clementino
Fraga Filho of the Universidade Federal do Rio de
Janeiro, and had a diagnosis of acromegaly suspected
by clinical characteristics and confirmed by high levels of
unsuppressed GH that did not fall to <0.4 ng/mL after an
oral glucose tolerance test or IGF levels above the upper
limit of the normal interval (19,20) were included. Patients
with a history of smoking and those with comorbidities not
related to acromegaly that could interfere with the FOT
results were excluded from the study. Patients with
untreated hypothyroidism and hypocortisolism were also
excluded. In addition, a control group of 17 subjects
(11 women) who met the inclusion and exclusion criteria
and who had undergone chest CT in the Hospital
Universitario Pedro Emesto (HUPE) of the Universidade
do Estado do Rio de Janeiro for any reason were asked to
perform the FOT. All participants signed an informed consent
form, and the study was approved by the Research Ethics
Committee of the HUPE-UERJ (protocol number 234.362).

Forced oscillation technique

The instrumentation used for the FOT was developed in
the Laboratério de Instrumentagao Biomédica, Universidade
do Estado do Rio de Janeiro, and was described in a
previous report (9). The pressure input was measured
using a Honeywell 176 PC pressure transducer (Micro-
switch, USA), and the airway flows were measured using
a screen pneumotachometer coupled to a similar trans-
ducer with a matched frequency response. To perform the
FOT, the subjects remained seated, kept their heads in the
neutral position, and breathed using their residual func-
tional capacity through a tube. During the measurements,
the subjects were asked to firmly support their cheeks and
mouth floor using both hands, and a nose clip was used.
A minimum coherence function of 0.9 was considered
adequate (9). Three measurements were taken, and the
final test result was the median of the three measurements.

Classical FOT parameters were used in data inter-
pretation. Analysis of linear regression in the resistive
component of the impedance in the frequency range of
4-16 Hz was used to determine the intercept resistance
(RO) (21). The mean resistance (Rm), which is related to
the airway caliber, was calculated using an oscillation
frequency of 4-16 Hz (8). The slope of the resistive
component of the respiratory impedance (S) was also
obtained. The resonance frequency (Fr) was defined as
the frequency at which the reactance equaled zero (22).
The mean reactance (Xm) was calculated based on the
entire examined frequency range (4-32 Hz). The dynamic
compliance of the respiratory system (Cdyn) was estimated
based on the reactance (Xrs) at 4 Hz using the equation
Cdyn=— 1/(2rfXrs), where f is the frequency (23). Con-
sequently, we evaluated both the resistive properties
(RO, Rm, S) and the reactive properties (Fr, Xm, Cdyn) of
the respiratory system. We also estimated the impedance
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module at 4 Hz (Zrs4Hz), which reflects the total mechan-
ical load of the respiratory system.

The parameters S, Fr, and Xm reflect both spatial and
temporal ventilatory non-homogeneity (21,24). While S is
associated with non-homogeneity in terms of resistance
distribution, Fr and Xm describe non-homogeneity in terms
of the reactive properties of the respiratory system (22,23).

Pulmonary densitovolumetry

The CT images were acquired using a helical CT with
64 channels (Brilliance 40; Philips Medical Systems,
USA). The reading time was set to 4 s, with an X-ray
tube current of 458 mA and a voltage of 120 kVp. Each
acquired image consisted of a 2-mm-thick block in cross-
sections separated by a distance of 1 mm. The images
were represented by a square matrix of 768 rows and
768 columns. For all participants, images were obtained
during both inspiration and expiration. lodinated contrast
medium was not used in any examination.

The next step involved segmentation of the lung
parenchyma. Images were exported in accordance with
the instructions for DICOMDir files using CT-Processing
software written in Matlab (MathWorks, USA) at the
Laboratério de Fisiologia da Respiragao, Instituto de
Biofisica Carlos Chagas Filho, Universidade Federal do
Rio de Janeiro, and pulmonary densitovolumetry was
performed at the end of the process.

The total lung volume (TLV), total air volume (TAV), and
total lung mass (TLM) were calculated using only the image
from the region of interest (lung parenchyma). The TLV
(i.e., sum of air plus tissue volume) was calculated as
follows: [(size of pixel)? x slice thickness x total number of
pixels in region of interest for the whole lung]. The weight of
the lungs was calculated as follows: [(1-VD/— 1000] x
(size of pixel)? x slice thickness x total number of pixels in
region of interest for the whole lung], where VD means the
voxel density (15,17). To assess the frequency distribution of
the voxels as a function of density in Hounsfield units (HU),
the distribution of aeration was calculated, and a histogram
of the voxel distribution was partitioned between — 1000 and
+100 HU. The number of voxels in each compartment was
analyzed as a fraction of the number of voxels contained in
the region of interest. The images were analyzed to calculate
the percentages of hyperaerated (— 1000 to — 900 HU),
normally aerated (—900 to —500 HU), poorly aerated
(—500to — 100 HU), and nonaerated (— 100 to +100 HU)
compartments in TLV (15,17).

Data analysis

To check the homogeneity of the sample, the
Kolmogorov-Smirnov test was used. If a meaningful number
of variables did not have a normal distribution, nonparametric
tests were selected. The results are reported as the median
and interquartile range or frequency (percentage). Numerical
variables and categorical variables were compared using the
Mann-Whitney test and Fisher’s exact test, respectively.
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Spearman’s rank correlation coefficient was calculated to
investigate associations. Using data with logarithmic trans-
formation, graphics with standardized residuals were created
to assess the heteroscedasticity. Data analyses were
performed using the SAS 6.11 software (SAS Institute Inc.,
USA). The statistical significance level was set at P <0.05.

Results

Of the 37 patients with acromegaly initially recruited,
eight were excluded because of refusal to participate in the
study (6 patients) or inability to reach the eligibility criteria in
the FOT (2 patients). Consequently, the acromegalic group
included 29 patients (19 women, 10 men) with a mean age
of 46 (31-56) years. Three patients had hypopituitarism, but
were undergoing hormone replacement therapy and had
normal hormone levels. The acromegalic patients did not
differ from the control subjects with respect to age, gender,
weight, height, and body mass index (P<0.05). The
general characteristics of the acromegalic patients and
control subjects are outlined in Table 1.

Compared with the control subjects for the FOT, the
acromegalic patients had higher Fr [15.3 (10.9-19.7) vs 11.4
(9.05-17.6) Hz, P=0.023] and lower Xm [0.32 (0.21-0.64) vs
0.49 (0.34-0.96) cmHQO/L/sz, P=0.005; Table 1]. However,
there were no significant differences in the FOT parameters
between patients with active disease and patients with
controlled disease.

Table 2 shows comparisons of the inspiratory and
expiratory Q-MDCT findings between the acromegalic
patients and the control subjects. With regard to inspiratory
Q-MDCT, the acromegalic patients had a greater volume
for poorly aerated areas [135 (118-161) vs 83 (65-91) mL,
P=0.0001] and higher percentages of TLV for nonaerated
and poorly aerated areas [0.42% (0.30-0.51%) vs 0.25%
(0.20-0.32%), P=0.039 and 3.25% (2.48-3.46%) vs 1.70%
(1.45-2.15%), P=0.001, respectively]. For expiratory
Q-MDCT, the acromegalic patients had a greater volume
and a higher percentage of TLV for nonaerated areas
[47.3 (37.4-66.1) vs 10.2 (8.31-11.7) mL, P=0.0006 and
2.15% (1.61-2.38%) vs 0.52% (0.31-0.63%), P=0.007,
respectively]. The acromegalic patients also had higher
TLM values in both inspiratory and expiratory Q-MDCT
[821 (635-923) vs 696 (599-769) g, P=0.021 and 844
(650-945) vs 637 (536-736) g, P=0.009, respectively].

We evaluated the correlations between the Q-MDCT
findings and the FOT parameters in the acromegalic
patients (Tables 3 and 4; Figures 1-4). In inspiratory
Q-MDCT, both TLV and TAV showed significant correla-
tions with all FOT parameters. The volumes of nonaerated
areas and poorly aerated areas showed significant correla-
tions with Fr (rs==—0.623, P<0.001 and rs=-—0.501,
P<0.01, respectively). The volume of normally aerated
areas showed significant correlations with Fr (rs=— 0.533,
P<0.005) and Xm (rs=0.530, P<0.005). The volume of
hyperaerated areas showed significant correlations with RO
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Table 1. General characteristics and forced oscillation technique parameters of the acromegalic patients and
control subjects.

Variable Acromegalic patients (n=29) Control subjects (n=17)

Demographic data

Age (years)

46 (31-56) 41 (29-52)
Female (%) 19 (65.5%) 11 (64.7%)
Weight (kg) 80 (72.3-89.4) 76 (63.5-87)
Height (cm) 165 (157.6-168.7) 167 (160.5-170)
Body mass index (kg/m?) 29.8 (25.1-33.4) 27.2 (23.4-31.3)

Clinical data

Time since diagnosis of disease (months) 96 (54-142) -
GH (ng/L) 0.97 (0.46-2.14) -
IGF-I (ng/L) 224 (160.5-425.8) -

IGF-1 (% ULNV)
Forced oscillation technique
RO (cmH,0O/L/s)
Rm (cmH,O/L/s)
S (cmH,0/L/s?)
Fr (Hz)
Xm (cmH,0/L/s?)
Cdyn (L/cmH,0)
Zrs4Hz (cmH,0/L/s)

95 (68-312) -

3.03 (2.23-3.62)
3.02 (2.14-4.20)

—18.9 (—32.5-—7.02)
15.3 (10.9-19.7)*
0.32 (0.21-0.64)*

0.022 (0.015-0.029)
3.46 (2.91-4.94)

3.08 (2.26-3.77)
3.01 (2.13-3.24)
—21.1 (- 42.3--6.24)
11.4 (9.05-17.6)
0.49 (0.34-0.96)
0.017 (0.013-0.025)
3.32 (2.68-4.55)

Data are reported as median (interquartile range) or number (%). GH: growth hormone; IGF-I: insulin-like
growth factor I; ULNV: upper limit normal value; RO: intercept resistance; Rm: mean resistance; S: resistance
curve angular coefficient; Fr: resonance frequency; Xm: mean reactance; Cdyn: dynamic compliance of the

respiratory system; Zrs4Hz: impedance module at 4 Hz. *P <0.05, compared to control subjects (Mann-
Whitney test)

(r=—0.602, P<0.001), Rm (rs=-—0.580, P<0.001),
S (rs=0.520, P<0.005), Fr (rs=—0.401, P<0.05), Cdyn
(rs=0.434, P<0.05), and Zrs4Hz (rs= — 0.513, P <0.005). In
expiratory Q-MDCT, TLV showed significant correlations

with RO (rs=—0.401, P<0.05), Fr (rs=—0.379, P<0.05),
and Cdyn (rs=0.400, P <0.05). The volume of hyperaerated
areas showed a significant correlation with Cdyn (rs=0.395,
P <0.05).

Table 2. Inspiratory and expiratory pulmonary densitovolumetry values in the acromegalic patients and control subjects.

Non (%TLV)
Poor (%TLV)
Norm (%TLV)
Hyper (%TLV)

0.42 (0.30-0.51)*
3.25 (2.48-3.46)"
78.5 (74.7-82.9)
20.5 (13.7-21)

2.15 (1.61-2.38)
15.8 (6.81-25.4

79.1
2.38

0.52 (0.31-0.63)
12.8 (3.15-18.1)
83.9 (80.4-85.3)
1.58 (1.03-5.93)

1.70 (1.45-2.15)
68.5 (57.1-77.7)

(
(
(
0.25 (0.20-0.32)
(
(
29.7 (19.7-40.4)

1.54-6.86

Variable Inspiratory Q-MDCT Expiratory Q-MDCT
Acromegalic patients Control subjects Acromegalic patients Control subjects

TLV (mL) 4542 (4102-5712) 4264 (3721-5287) 2388 (2262-2904) 1963 (1372-3225)
TAV (mL) 3932 (3368-4869) 3653 (3170-4606) 1633 (1461-1988) 1345 (836-2527)
TLM (g) 821 (635-923)* 696 (599-769) 844 (650-945)* 637 (536-736)
Non (mL) 15.3 (9.82-24.1) 12.2 (7.62-15.5) 47.3 (37.4-66.1)* 10.2 (8.31-11.7)
Poor (mL) 135 (118-161)* 83 (65-91) 343 (212-516) 243 (100-291)
Norm (mL) 3732 (2984-4021) 2861 (2605-3375) 1793 (1413-2445) 1706 (1084-2752)
Hyper (mL) 1003 (745-1863) 1152 (947-1930) 74.9 (29.1-285.3) 34.4 (16.3-363.3)

(

(

(

(

)
69.8-80.4)
)

Data are reported as median (interquartile range). Q-MDCT: quantification of lung volume using multidetector computed tomography;
TLV: total lung volume; TAV: total air volume; TLM: total lung mass; Non: nonaerated areas; Poor: poorly aerated areas; Norm: normally
aerated areas; Hyper: hyperaerated areas. *P <0.05, compared to control subjects (Mann-Whitney test).
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Table 3. Spearman’s correlation coefficients between the inspiratory pulmonary densitovolumetry values and the forced oscillation
technique parameters in the acromegalic patients.

Variable RO Rm S Fr Xm Cdyn Zrs4Hz
TLV (mL) —0.576*** —0.540*** 0.486** —0.669*** 0.514*** 0.562*** —0.543**
TAV (mL) —0.574%*** —0.542*** 0.506*** —0.598**** 0.445* 0.523*** —0.530***
Non (mL) —0.190 —0.232 —0.050 —0.623*** 0.280 0.334 —0.233
Poor (mL) -0.174 —0.162 0.052 —0.501** 0.295 0.353 —0.265
Norm (mL) —0.219 —0.202 0.159 —0.533*** 0.530*** 0.266 -0.217
Hyper (mL) —0.602**** —0.580**** 0.520*** —0.401* 0.233 0.434* —0.513**
Non (%TLV) —0.085 -0.127 —0.124 —0.434* 0.315 0.262 -0.171
Poor (%TLV) 0.187 0.184 -0.214 -0.125 0.046 —0.070 0.120
Norm (%TLV) 0.219 0.295 —0.289 0.274 —0.082 —0.341 0.234
Hyper (%TLV) —0.560*** —0.537*** 0.514** —0.252 0.060 0.363 —0.465*

TLV: total lung volume; TAV: total air volume; Non: nonaerated areas; Poor: poorly aerated areas; Norm: normally aerated areas; Hyper:
hyperaerated areas; RO: intercept resistance; Rm: mean resistance; S: resistance curve angular coefficient; Fr: resonance frequency;
Xm: mean reactance; Cdyn: dynamic compliance of the respiratory system; Zrs4Hz: impedance module at 4 Hz. *P <0.05; **P <0.01;

***P <0.005; ****P <0.001.

Discussion

The main findings of this study were as follows:
a) acromegalic patients experienced changes in the
reactive properties of the respiratory system; b) acrome-
galic patients had higher amounts of nonaerated and
poorly aerated areas in the lung parenchyma and
increased amounts of lung tissue; and c) there were
significant correlations between pulmonary densitovolu-
metry values and FOT parameters in acromegalic patients.

The FOT requires passive cooperation from patients
and, by providing new parameters for the analysis of
ventilatory mechanics, presents characteristics that are
complementary to the classical methods for lung evalua-
tion (9). Using the FOT, we observed that the acromegalic

patients had higher Fr values and lower Xm values than the
control subjects. These findings reflect the elastic and
inertial properties of the respiratory system and indicate
non-homogeneity of the respiratory system, with Fr and Xm
being inversely correlated (25). The impaired lung function
in acromegalic patients has not been fully elucidated, but is
known to cause multiple changes that involve the bone
and muscle structure of the chest and lung elasticity (4).
Acromegaly alters the structure, elasticity, and function of
the entire respiratory apparatus. Consequently, the hetero-
geneity of the respiratory system in acromegaly may result
from a combination of factors, including increased pulmo-
nary distensibility and increased transpulmonary pressure
(26). Subclinical hypoxemia and ventilation-perfusion
imbalance may also be involved in this process (27).

Table 4. Spearman’s correlation coefficients between the expiratory pulmonary densitovolumetry values and the forced oscillation

technique parameters in the acromegalic patients.

Variable RO Rm S Fr Xm Cdyn Zrs4Hz
TLV (mL) —0.401* —0.365 0.342 —0.379* 0.208 0.400* —0.365
TAV (mL) —0.355 —0.335 0.272 —0.231 0.084 0.383* —0.344
Non (mL) 0.037 0.039 —0.106 —0.205 0.122 0.113 —0.033
Poor (mL) 0.105 0.140 —0.049 —0.203 0.275 —0.142 0.125
Norm (mL) —0.350 —0.326 0.308 —0.260 0.137 0.322 —-0.312
Hyper (mL) —0.303 —0.308 0.193 —-0.130 —0.068 0.395* —0.327
Non (%TLV) 0.206 0.202 —0.228 —0.010 0.017 —0.067 0.125
Poor (%TLV) 0.237 0.258 —0.146 —0.023 0.135 —0.296 0.254
Norm (%TLV) —0.088 —0.104 0.094 0.077 —0.021 —0.034 —-0.013
Hyper (%TLV) —0.296 —0.311 0.170 —0.052 —0.153 0.373* —0.326

TLV: total lung volume; TAV: total air volume; Non: nonaerated areas; Poor: poorly aerated areas; Norm: normally aerated areas; Hyper:
hyperaerated areas; RO: intercept resistance; Rm: mean resistance; S: resistance curve angular coefficient; Fr: resonance frequency;
Xm: mean reactance; Cdyn: dynamic compliance of the respiratory system; Zrs4Hz: impedance module at 4 Hz. *P <0.05.
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Figure 1. A, Correlation between the volume of hyperaerated
areas (Hyper) and the intercept resistance (RO; rs=—0.602,
P <0.001). B, Standardized residuals versus predicted values for
the correlation shown in panel A.

In recent years, considerable efforts have been made
to use regional lung density measurements from Q-MDCT
because this technique accurately reflects the air and
non-air contents of the lungs and is correlated with
histopathology (28). The present study showed that the
acromegalic patients had heavier lungs than the control
subjects. This trend was observed in both inspiratory and
expiratory Q-MDCT. In this respect, there may be direct
effects of GH and IGF on lung tissue, resulting in
increased weight. In line with our findings, histopathological
studies have shown that GH can increase the synthesis of
collagen type | fibers and mucopolysaccharides in acro-
megalic patients (29). Interestingly, Lobie et al. (30) and
Zogopoulos et al. (31) showed that GH and IGF have
proliferative effects on lung cells and smooth muscle cells
through interactions with their cognate receptors.

This study also showed that the acromegalic patients
had greater volumes of nonaerated and poorly aerated lung
areas than the control subjects. In HU units, these areas
may represent areas of pulmonary consolidation and
ground-glass opacities. Some authors have reported pul-
monary parenchymal abnormalities in acromegalic patients
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Figure 2. A, Correlation between the volume of hyperaerated
areas (Hyper) and the mean resistance (Rm; rs=—0.580,
P <0.001). B, Standardized residuals versus predicted values
for the correlation shown in panel A.

observed by high-resolution CT, including increased attenua-
tion and linear and nodular opacities (7,32). These lesions
may have contributed, at least in part, to the differences in
the densitovolumetry values observed in the present study.
To date, no previous studies have assessed the distribution
of lung aeration using Q-MDCT in acromegalic patients.
The FOT tests allowed us to obtain additional
information on parameters associated with the structural
properties of the respiratory system assessed by pulmon-
ary densitovolumetry. We found that the subjects with
higher TLV and TAV values exhibited greater homogeneity
(positive correlations with S and Xm and negative
correlation with Fr), lower elastance (positive correlation
with Cdyn), and lower breathing effort (negative correla-
tion with Zrs4Hz). Cdyn reflects the combined effects of
the pulmonary and chest wall tissue, as well as the
compliance of the airways (21,33). Using the esophageal
balloon method, Garcia-Rio et al. (26) found decreased
lung compliance in acromegalic patients after suppression
of GH hypersecretion. Thus, because the FOT involves
noninvasive measurements, Cdyn may be useful as a
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Figure 3. A, Correlation between the volume of hyperaerated
areas (Hyper) and the resistance curve angular coefficient
(S; rs=0.520, P<0.005). B, Standardized residuals versus
predicted values for the correlation shown in panel A.

functional parameter for monitoring acromegaly, repre-
senting an alternative to the use of esophageal balloons.

It has been shown that the increased lung volume in
acromegalic patients is not associated with hyperinflation
or muscle strength (34). Instead, pulmonary compliance
usually increases while the lung elastic recoil remains
normal (35). Based on this evidence, many researchers
have attributed lung overgrowth to increased alveolar size
rather than an increased number of alveoli (26,36). In line
with these findings, we observed that in inspiratory
Q-MDCT, but not expiratory Q-MDCT, the hyperaerated
areas were negatively correlated with RO and Rm and
positively correlated with S. This pattern suggests that
hyperaerated areas have low resistance to airflow and
high homogeneity, unlike areas of emphysema or air
entrapment. Therefore, we believe that the hyperaerated
areas result from the excess GH in acromegalic patients,
which induces lung overgrowth by triggering an increase
in alveolar size (34).

As shown in Figures 1-3, there were greater differ-
ences between the observed response variables and the
estimated response variables (variability of residuals) at
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Figure 4. A, Correlation between the total lung volume (TLV) and
the resonance frequency (Fr; rs= — 0.669, P <0.001). B, Standard-
ized residuals versus predicted values for the correlation shown in
panel A.

low values of the hyperaerated areas. In acromegalic
patients, we consider that there is a progressive loss of
complexity of the respiratory system as the system becomes
more homogeneous with lower respiratory impedance
signals. Goldberger (37) proposed that the complexity
becomes lost in the presence of illness with increasing
regularity of signals. According to this concept, we hypothe-
sized that the greater variability of RO, Rm, and S for low
values of the hyperaerated areas shows that these areas still
have a high complexity. Since complex behaviors are best
evaluated using nonlinear dynamic techniques (38), we
suggest that future research should evaluate the “acrome-
galic lung” through nonlinear statistical models.

The strength of this study is its demonstration that the
findings provided by both the FOT and pulmonary densito-
volumetry are strongly correlated with the pathophysiology
of acromegaly, thereby increasing the possibility of incor-
porating these techniques into clinical practice. We consider
the small sample size to be the main limitation of our study.
We also believe that performing histopathology to elucidate
the pulmonary microarchitecture could reinforce the findings

Braz J Med Biol Res 48(10) 2015


http://www.bjournal.com.br

884

of the present study. Our results warrant further research on
the use of the FOT and pulmonary densitovolumetry in
acromegalic patients because these techniques are impor-
tant instruments for monitoring such patients.

In conclusion, the present study has shown that
acromegalic patients have increased amounts of lung
tissue as well as nonaerated and poorly aerated areas
evaluated by pulmonary densitovolumetry. These patients
experience a loss of homogeneity of the respiratory

References

1. Reid TJ, Post KD, Bruce JN, Nabi Kanibir M, Reyes-Vidal CM,
Freda PU. Features at diagnosis of 324 patients with
acromegaly did not change from 1981 to 2006: acromegaly
remains under-recognized and under-diagnosed. Clin Endo-
crinol 2010; 72: 203-208, doi: 10.1111/cen.2010.72.issue-2.

2. Melmed S, Colao A, Barkan A, Molitch M, Grossman AB,
Kleinberg D, et al. Guidelines for acromegaly management:
an update. J Clin Endocrinol Metab 2009; 94: 1509-1517,
doi: 10.1210/jc.2008-2421.

3. Adelman DT, Liebert KJ, Nachtigall LB, Lamerson M, Bakker
B. Acromegaly: the disease, its impact on patients, and
managing the burden of long-term treatment. Int J Gen Med
2013; 6: 31-38.

4. Colao A, Ferone D, Marzullo P, Lombardi G. Systemic
complications of acromegaly: epidemiology, pathogenesis,
and management. Endocr Rev 2004; 25: 102-152, doi:
10.1210/er.2002-0022.

5. Melmed S. Acromegaly and cancer: not a problem? J Clin
Endocrinol Metab 2001; 86: 2929-2934, doi: 10.1210/
jcem.86.7.7635.

6. Wright AD, Hill DM, Lowy C, Fraser TR. Mortality in
acromegaly. Q J Med 1970; 39: 1-16.

7. Camilo GB, Guimaraes FS, Silva DP, Mogami R, Kasuki L,
Gadelha MR, et al. Pulmonary function testing and chest
tomography in patients with acromegaly. Multidiscip Respir
Med 2013; 8: 70, doi: 10.1186/2049-6958-8-70.

8. MacLeod D, Birch M. Respiratory input impedance
measurement: forced oscillation methods. Med Biol Eng
Comput 2001; 39: 505-516, doi: 10.1007/BF02345140.

9. Melo PL, Werneck MM, Gianella-Neto A. New impedance
spectrometer for scientific and clinical studies on the
respiratory system. Rev Sci Instrum 2000; 71: 2867-2872,
doi: 10.1063/1.1150705.

10. Demedts M, van Noord JA, Van de Woestijne KP. Clinical
applications of forced oscillation technique. Chest 1991; 99:
795-797, doi: 10.1378/chest.99.4.795.

11. Kaczka DW, Dellaca RL. Oscillation mechanics of the
respiratory system: applications to lung disease. Crit Rev
Biomed Eng 2011; 39: 337-359, doi: 10.1615/CritRevBio
medEng.v39.i4.60.

12. Lee KW, Chung SY, Yang |, Lee Y, Ko EY, Park MJ. Correlation
of aging and smoking with air trapping at thin-section CT of the
lung in asymptomatic subjects. Radiology 2000; 214: 831-836,
doi: 10.1148/radiology.214.3.r00mr05831.

13. Stern EJ, Frank MS. CT of the lung in patients with
pulmonary emphysema: diagnosis, quantification, and cor-
relation with pathologic and physiologic findings. AJR

Braz J Med Biol Res 48(10) 2015

G.B. Camilo et al.

system, as assessed by the FOT. Moreover, we found a
correlation between lung structure and function, which is
consistent with the pathophysiology of the disease.

Acknowledgments

We are grateful to CNPq (#304882/2013-5; #472394/
2013-4) and FAPERJ (#E-26/110.572/2014) for financial
support.

Am J Roentgenol 1994; 162: 791-798, doi: 10.2214/
ajr.162.4.8140992.

14. Molinari F, Amato M, Stefanetti M, Parapatt G, Macagnino A,
Serricchio G, et al. Density-based MDCT quantification of
lobar lung volumes: a study of inter- and intraobserver
reproducibility. Radiol Med 2010; 115: 516-525, doi: 10.1007/
$11547-010-0536-x.

15. Carvalho AR, Spieth PM, Pelosi P, Beda A, Lopes AJ,
Neykova B, et al. Pressure support ventilation and biphasic
positive airway pressure improve oxygenation by redistribu-
tion of pulmonary blood flow. Anesth Analg 2009; 109: 856—
865, doi: 10.1213/ane.0b013e3181aff245.

16. Matsuoka S, Kurihara Y, Yagihashi K, Hoshino M, Watanabe
N, Nakajima Y. Quantitative assessment of air trapping in
chronic obstructive pulmonary disease using inspiratory and
expiratory volumetric MDCT. AJR Am J Roentgenol 2008;
190: 762-769, doi: 10.2214/AJR.07.2820.

17. Gattinoni L, Caironi P, Pelosi P, Goodman LR. What has
computed tomography taught us about the acute respiratory
distress syndrome? Am J Respir Crit Care Med 2001; 164:
1701-1711, doi: 10.1164/ajrccm.164.9.2103121.

18. Madani A, Keyzer C, Gevenois PA. Quantitative computed
tomography assessment of lung structure and function in
pulmonary emphysema. Eur Respir J 2001; 18: 720-730,
doi: 10.1183/09031936.01.00255701.

19. Giustina A, Chanson P, Bronstein MD, Klibanski A,
Lamberts S, Casanueva FF, et al. A consensus on criteria
for cure of acromegaly. J Clin Endocrinol Metab 2010; 95:
3141-3148, doi: 10.1210/jc.2009-2670.

20. Giustina A, Barkan A, Casanueva FF, Cavagnini F, Frohman
L, Ho K, et al. Criteria for cure of acromegaly: a consensus
statement. J Clin Endocrinol Metab 2000; 85: 526-529.

21. Lorino AM, Zerah F, Mariette C, Harf A, Lorino H. Respiratory
resistive impedance in obstructive patients: linear regression
analysis vs viscoelastic modelling. Eur Respir J 1997; 10:
150-155, doi: 10.1183/09031936.97.10010150.

22. Ying Y, Peslin R, Duvivier C, Gallina C, Felicio da Silva J.
Respiratory input and transfer mechanical impedances in
patients with chronic obstructive pulmonary disease. Eur
Respir J 1990; 3: 1186-1192.

23. Nagels J, Landser FJ, van der Linden L, Clement J, Van de
Woestijne KP. Mechanical properties of lungs and chest
wall during spontaneous breathing. J Appl! Physiol Respir
Environ Exerc Physiol 1980; 49: 408—416.

24. Peslin R, Marchal F, Duvivier C, Ying Y, Gallina C. Evaluation
of a modified head generator for respiratory impedance
measurements. Eur Respir Rev 1991; 1: 140—145.

www.bjournal.com.br


http://dx.doi.org/10.1111/cen.2010.72.issue-2
http://dx.doi.org/10.1210/jc.2008-2421
http://dx.doi.org/10.1210/er.2002-0022
http://dx.doi.org/10.1210/jcem.86.7.7635
http://dx.doi.org/10.1210/jcem.86.7.7635
http://dx.doi.org/10.1186/2049-6958-8-70
http://dx.doi.org/10.1007/BF02345140
http://dx.doi.org/10.1063/1.1150705
http://dx.doi.org/10.1378/chest.99.4.795
http://dx.doi.org/10.1615/CritRevBiomedEng.v39.i4.60
http://dx.doi.org/10.1615/CritRevBiomedEng.v39.i4.60
http://dx.doi.org/10.1148/radiology.214.3.r00mr05831
http://dx.doi.org/10.2214/ajr.162.4.8140992
http://dx.doi.org/10.2214/ajr.162.4.8140992
http://dx.doi.org/10.1007/s11547-010-0536-x
http://dx.doi.org/10.1007/s11547-010-0536-x
http://dx.doi.org/10.1213/ane.0b013e3181aff245
http://dx.doi.org/10.2214/AJR.07.2820
http://dx.doi.org/10.1164/ajrccm.164.9.2103121
http://dx.doi.org/10.1183/09031936.01.00255701
http://dx.doi.org/10.1210/jc.2009-2670
http://dx.doi.org/10.1183/09031936.97.10010150
http://www.bjournal.com.br

Forced oscillation and lung densitovolumetry in acromegaly

25.

26.

27.

28.

29.

30.

31.

Miranda IA, Dias Faria AC, Lopes AJ, Jansen JM,
Lopes de Melo P. On the respiratory mechanics measured
by forced oscillation technique in patients with systemic
sclerosis. PLoS One 2013; 8: €61657, doi: 10.1371/journal.
pone.0061657.

Garcia-Rio F, Pino JM, Diez JJ, Ruiz A, Villasante C,
Villamor J. Reduction of lung distensibility in acromegaly
after suppression of growth hormone hypersecretion.
Am J Respir Crit Care Med 2001; 164: 852-857, doi:
10.1164/ajrccm.164.5.2005059.

Luboshitzky R, Barzilai D. Hypoxemia and pulmonary function
in acromegaly. Am Rev Respir Dis 1980; 121: 471-475.
Gabe LM, Baker KM, van Beek EJ, Hunninghake GW,
Reinhardt JM, Hoffman EA. Effect of segmental bronchoal-
veolar lavage on quantitative computed tomography of the
lung. Acad Radiol 2011; 18: 876-884, doi: 10.1016/j.acra.
2011.03.006.

Fryburg DA, Gelfand RA, Barrett EJ. Growth hormone acutely
stimulates forearm muscle protein synthesis in normal
humans. Am J Physiol 1991; 260: E499-E504.

Lobie PE, Garcia-Aragon J, Wang BS, Baumbach WR, Waters
MJ. Cellular localization of the growth hormone binding protein
in the rat. Endocrinology 1992; 130: 3057-3065.

Zogopoulos G, Figueiredo R, Jenab A, Ali Z, Lefebvre Y,
Goodyer CG. Expression of exon 3-retaining and -deleted

www.bjournal.com.br

32.

33.

34.

35.

36.

37.

38.

885

human growth hormone receptor messenger ribonucleic
acid isoforms during development. J Clin Endocrinol Metab
1996; 81: 775-782.

Rodrigues MP, Naves LA, Viegas CA, Melo-Silva CA, Paula
WD, Cabral MT, et al. Prevalence of lung structure
abnormalities in patients with acromegaly and their relation-
ship with gas exchange: cross-sectional analytical study
with a control group. Sdo Paulo Med J 2014; 0: 0, doi:
10.1590/1516-3180.2013.7640012.

Navajas D, Farre R. Forced oscillation technique: from theory to
clinical applications. Monaldi Arch Chest Dis 2001; 56: 555-562.
Brody JS, Fisher AB, Gocmen A, DuBois AB. Acromegalic
pneumonomegaly: lung growth in the adult. J Clin Invest
1970; 49: 1051-1060, doi: 10.1172/JCI106321.

Evans CC, Hipkin LJ, Murray GM. Pulmonary function in acro-
megaly. Thorax 1977; 32: 322-327, doi: 10.1136/thx.32.3.322.
Harrison BD, Millhouse KA, Harrington M, Nabarro JD. Lung
function in acromegaly. Q J Med 1978; 47: 517-532.
Goldberger AL. Fractal variability versus pathologic periodi-
city: complexity loss and stereotypy in disease. Perspect
Biol Med 1997; 40: 543-561, doi: 10.1353/pbm.1997.0063.
Dames KK, Lopes AJ, de Melo PL. Airflow pattern complexity
during resting breathing in patients with COPD: effect of airway
obstruction. Respir Physiol Neurobiol 2014; 192: 39-47,
doi: 10.1016/j.resp.2013.12.004.

Braz J Med Biol Res 48(10) 2015


http://dx.doi.org/10.1371/journal.pone.0061657
http://dx.doi.org/10.1371/journal.pone.0061657
http://dx.doi.org/10.1164/ajrccm.164.5.2005059
http://dx.doi.org/10.1016/j.acra.2011.03.006
http://dx.doi.org/10.1016/j.acra.2011.03.006
http://dx.doi.org/10.1590/1516-3180.2013.7640012
http://dx.doi.org/10.1172/JCI106321
http://dx.doi.org/10.1136/thx.32.3.322
http://dx.doi.org/10.1353/pbm.1997.0063
http://dx.doi.org/10.1016/j.resp.2013.12.004
http://www.bjournal.com.br

	title_link
	Introduction
	Patients and Methods
	Patients
	Forced oscillation technique
	Pulmonary densitovolumetry
	Data analysis

	Results
	Table  Table 2. Inspiratory and expiratory pulmonary densitovolumetry values in the acromegalic patients and control subjects
	Table  Table 1. General characteristics and forced oscillation technique parameters of the acromegalic patients and control subjects
	Discussion
	Table  Table 4. Spearman's correlation coefficients between the expiratory pulmonary densitovolumetry values and the forced oscillation technique parameters in the acromegalic patients
	Table  Table 3. Spearman's correlation coefficients between the inspiratory pulmonary densitovolumetry values and the forced oscillation technique parameters in the acromegalic patients
	Figure 2.
	Figure 1.
	Figure 3.
	Figure 4.
	Acknowledgments

	REFERENCES
	References


