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SUMMARY
Place of vibration response imaging in preoperative lung cancer patients

Introduction: /n this study, we aimed to investigate the role of the vibration response imaging (VRI) as the second-line test in preop-
erative evaluation of the patients with non-small cell lung cancer (NSCLC) and in prediction of the predicted postoperative forced
expiratory volume in one second (PPO FEV e

Materials and Methods: A total of 31 patients scheduled for surgery underwent pulmonary function tests (PFTs), VRI, = and quantita-
tive lung perfusion scintigraphy (LPS) in order to predict postoperative lung functions. PFTs and VRI were repeated between 4 and
6! postoperative weeks and FE V, and FEV, % values were compared with preoperative VRI and PPO-FEV , calculated with perfusion
scintigraphy. Statistical analysis of 31 patients under postoperative follow-up was performed in two parts. In the first part, two pre-
operative prediction methods (PPO based on perfusion and PPO calculated with VRI), and in the second part, estimated values and
postoperative actual values (considering postoperative spirometric values as standard) were compared.

Results: An agreement rate of 52% was found between the PPO values calculated with VRI and with perfusion. This rate was low,
although respective predictive values for PPO VRI and PPO perfusion were 84% and 47 %, suggesting that PPO VRI was more sig-
nificant than LPS for prediction of the 15t month postoperative value in the patients included in this studly.

Conclusions: VRI,  has a high-accuracy rate in prediction postoperative FEV,. It is seemed as an alternative to quantitative perfusion
scintigraphy for preoperative evaluation, because it can be easily applied at the bedside as a radiation free and non-invasive method.
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(PPO FEV,) tahminindeki yerini arastirmayr amagladik.
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Materyal ve Metod: Operasyon planlanan ve calismayr tamamlayan toplam 31 hastaya postoperatif akciger fonksiyonlarini tahmin
etmek amaciyla solunum fonksiyon testleri (SFT), VRI, | ve kantitatif akciger perfiizyon sintigrafisi yapildi. Postoperatif 4-6. haftalarda
tekrar SFT ve VRI yapilarak postoperatif FEV, ve % FEpV] degerlerini cerrahi dncesi VRI ve perfiizyon sintigrafisiyle hesaplanan ppo-
FEV, ile karsilagtrildl. Postoperatif takibi olan 31 hastanin verilerinin istatistiksel analizi iki bolimde yapildi. ilk bélimde operasyon
oncesi iki tahmin etme metodu (perfiizyona dayanan PPO ile VRI ile hesaplanan PPO), ikinci boliimde ise tahmini verilerle operasyon
sonrasi elde edilen gercek degerler (postoperatif spirometrik degerler standart kabul edilerek) karsilastirildl.

Bulgular: VRI ile hesaplanan PPO degeriyle perfiizyonla hesaplanan ppo arasinda uyum orani %52 idi. Bu oran disiik olarak saptan-
sa da, tahmini PPO VRI ve PPO perfiizyon degerleri icin kestrim degeri sirasiyla %84 ve %47'dir. Bu da gostermektedir ki ¢alismami-
za alinan hastalarda 1. ay postoperatif degeri tahmin etmede, PPO VRI, kantitatif perfiizyon sintigrafisinden daha anlamli bulunmustur.

Sonuc: VRIXP, postoperatif FEV, tahmininde yiiksek dogruluk oranina sahiptir. Yatak basi uygulama kolaylhigr olmasi, radyasyonsuz ve

noninvaziv olusu nedeniyle de preoperatif degerlendirmede kantitatif perfiizyon sintigrafisine alternatif gibi goriilmektedir.

Anahtar kelimeler: Akciger kanseri, preoperatif degerlendirme, vibration response imaging, kantitatif perfiizyon sintigrafisi

INTRODUCTION

Lung complications developed in the postoperative
period are an important cause of morbidity and mor-
tality in the patients undergoing resection due to lung
cancer. Therefore, lung functions remaining after the
surgery are calculated in these patients to predict the
risk for respiratory failure. Thus, extent of the resec-
tion which might be tolerated by the patient can be
decided. However, none of the tests used for preop-
erative evaluation enables a definite contraindication
decision for the surgery. These tests only provide us
to make a prediction about the risks for postoperative
mortality and complications.

Algorithm protocols of pulmonary functions must be
settled, and new imaging methods must be devel-
oped in the patients with pulmonary functions at the
borderline. Recently developed Vibration Response
Imaging xp (VRIXp) test produces dynamic and func-
tional lung images by recording the vibration created
by the airflow moving in to the lungs. VRI = was
designed to determine the status of lung ventilation
and to provide a better understanding of lung func-
tions in relation with the respiratory cycle (1,2).

In this study, we aimed to investigate the role of
vibration response imaging device in patients with
lung cancer and to compare this test with quantitative
perfusion scintigraphy among the second-line tests.

MATERIALS and METHODS

Consecutive patients (with baseline FEV, % below 40)
diagnosed with non-small cell lung cancer, sched-
uled for lobectomy or pneumonectomy following
metastasis screening (thorax CT, FDG-PET/CT, brain
MR) and with the requirement of quantitative perfu-
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sion scintigraphy as the second-line test were includ-
ed in the study between October 2008 and April
2009. Total 46 patients were enrolled in the study. Of
these patients, 4 were excluded due to positive N2
lymph node detection in mediastinoscopy and 9
patients due to refusing to be operated. PFTs, VRI and
perfusion scintigraphy were performed in all the
patients. One of 33 operated patients was lost due to
massive hemoptysis at 20" postoperative day, and
one patient was taken to the intensive care unit at the
3" postoperative hour because of ventricular fibrilla-
tion and became exitus at the 29 day of follow-up
in the ICU. Thus, 31 of 46 patients undergone PFTs,
VRI and quantitative perfusion scintigraphy at the
beginning completed the study and constituted the
study group.

Inclusion criteria of the study were to be in between
18-85 years of age with a body mass index > 19,
being able to make regular inspirium and expirium
during the use of VRI device, not having hirsutism
and chest wall or spinal deformity, absence of poten-
tially contaminating skin lesions in the back, not hav-
ing cardiac pacemaker or implantable defibrillator
(1), absence of active pulmonary infections, decom-
pensated cardiac and chronic airway diseases and
being able to clean the secretions. The study was
approved by the Hospital Ethics Committee. The
patients were informed about the study and consent
forms were received from all the participants.

The patients were questioned for demographic fea-
tures, known diseases, medications used, smoking
and previous operations. Body mass index was
defined as the body mass divided by the square of
height in meters (kg /m?).
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Pulmonary function testing (PFT) was performed in
the pulmonary function laboratory of our hospital
according to ATS/ERS criteria by a specially trained
technician using a spirolab Il spirometer device (3).
Postoperative measurements were carried out by the
same team. Macro aggregated albumin (MAA) radio-
nuclide perfusion study was preoperatively per-
formed in all the patients using a multidetector sys-
tem. All the patients were taken to VRI study on the
same week of this process. Postoperative measure-
ments (pulmonary function tests and VRI) were car-
ried out between the 41" and 6! weeks after the sur-

gery.
Device Properties

VRI,, device (Deep BreezeTM, Or-Akiva, Israel) is a
non-invasive device-based computer system which
provides regional quantitative data and dynamic lung
images obtained by recording the vibrations created
during the respiratory circle (1,2). This device
includes monitor, keyboard, main memory and 6 or
7 rows of 2 sensors and recorder at the right and left
sides (Figure 1).

Figure 1. Picture of the VRI device.

Patient Preperation

Metal accessories on the patient were removed
before the process. Back of the patient and surface of
the sensors were wiped with ethanol. The patients
were provided to sit in a proper position (with their
back side free, tilted slightly forward, arms in a com-
fortable position between the legs, facing the device)
The patients were trained about respiratory circle
practice (to breathe deeply but not forced from the
mouth, without moving their body and shoulders,
only having their chest to rise and fall). The patients
were provided to make few practices of the respira-
tory circle before the recording.

Application of the Test

The tests were applied in a silent setting in order to
prevent the sensors to detect any noise might inter-
fere from the outer environment. The sensors were
used as to the height of the patients (7-sensors for >
165 cm; 6-sensors for < 165 c¢cm). The sensors were
inserted in an equal distance on both sides of the
vertebra with 3-6 cm intervals and the upper end to
be located at 1.5 cm above the scapula (Figure 1).
The patients were provided to breathe with the same
amplitude and frequency for 12 seconds during the
recordings. Once the three VRI  recordings for a
patient were uploaded to the Q-Plan software, the
physician then selected the maximum number of
good-quality breathing frames to be added to the
average quantitative lung data (QLD) calculations for
each recording. Average QLD and standard deviation
(SD) were then calculated by the software to produce
the final average QLD value. The SD was used to
ensure the reliability of the data; a value of the SD
below 5.4 was chosen as the acceptable limit.
Preoperative lung function data were entered into the
software, through the user interface, and the intended
surgical site was selected on the Q-Plan lung resec-
tion diagram. The predictions were calculated as
published equations (4-6).

Statistical Analysis

Statistical analyses of 31 patients with postoperative
follow-up were performed in two parts. In the first
part, two preoperative prediction methods (PPO
based on perfusion and PPO calculated with VRI),
and in the second part, estimated values and postop-
erative actual values (considering postoperative
spirometric values as standard) were compared.
Pearson's correlation was used to evaluate the cor-
relation between PPO values from VRI and perfusion
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screening in the patients with pneumonectomy;
Wilcoxon signed test to determine the difference
between the matched data and Bland- Altman's
method was used to evaluate the agreement between
the postoperative actual values of VRI and perfusion
scintigraphy.

RESULTS

Parameters of the pulmonary function test were ana-
lyzed in 31 patients with postoperative VRI and PFTs
follow-up (mean age 58.35 + 10.7 years; range
34-77; 28 males). The tumors were found to be local-
ized in left hilar (4), right hilar (3), left upper lobe (5),
right lower lobe (4), left lower lobe (4) and right upper
lobe (11). Adenocarcinoma (6), squamous cell (7),
carcinoid (1), large cell (1) and non-small cell carci-
nomas (16) were diagnosed as the histological types.

Twenty patients undergone lobectomy and 11 pneu-
monectomy; PPO FEV, % calculated with VRI_ and
PPO FEV,% calculated with quantitative perf%sion
scintigraphy were found as %57 + 21 and 51% =+ 18;
respectively. Average delta between the two methods
was %b5.8 + %10.6. Pearson's correlation was calcu-
lated as 0.8697 for PPO FEV, % in the pneumonec-
tomy patients (p< 0.01).

According to the results from Wilcoxon Signed test
made for the matched data, no significant difference

was found between VRI _ PPO FEV,% and PPO
FEV, % values calculated with quantitative perfusion
(p> 0.05) (Figure 2).

An agreement rate of 52% was found between the
PPO values calculated with VRI and with perfusion.
This rate was low, although looking to the number of
patients having a difference less than 10% between
estimated PPO values and actual values at the post-
operative 15 month, respective predictive values for
PPO VRI and PPO perfusion were found as 84% and
47% (Figure 3).

Postop % FEV, was evaluated between PFTs and VRI
with linear regression analysis. The result was statisti-
cally significant with a positive correlation (R?=
0.6202) (Figure 4).

Linear regression analysis of PPO FEV,% calculated
with VRI and perfusion analysis was statistically sig-
nificant with a positive correlation (R?=0.7563).

In this study, subgroup analyses could not be carried
out because of the small number of the cases under-
went pneumonectomy and lobectomy. The linear
regression analysis comparing PPO FEV,% values
calculated with perfusion scintigraphy and VRI with
postoperative FEV,% values calculated with PFTs
and VRI was statistically significant with a positive
correlation (R?= 0.7563, R?= 0.6202; respectively).

Bland-Altman FEV, (L) of Post-op and PPO (VRI)
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Figure 2. Comparision of postop FEV, values and FEV, values calculated by VRI by Bland Altman analysis.
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Post-op FEV, % vs. PPO FEV, % based on VRI Al
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Figure 3. Comparision of real postop FEV, % values and postop FEV,% values calculated by VRI.
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Figure 4. Comparision of PPO FEV,% values calculated by perfusion scintigraphy and VRI in pneumonectomy patients.

DISCUSSION

In this study, VRI device with which the cancer
patients don’t expose to radiation and requires no
preparation before the procedure was found more
significant in prediction postoperative values of the

first month than quantitative perfusion scintigraphy
with a rate of 47% vs. 84%.

Surgical risks of the lung cancer resection are deter-
mined by individual patient characteristics. The pro-
tocols estimate these risks from the available data

Tuberk Toraks 2014;62(4):279-285 283 [H]



Place of vibration response imaging in preoperative lung cancer patients

and compare the risks for the patients with sufficient
cardiopulmonary reserve in order to predict the rela-
tive risk. Therefore, standard surgical resection in the
lung cancer should be individually discussed consid-
ering the risks and benefits.

In a study by Varela et al., COPD patients were
shown to have a better postoperative pulmonary
function than estimated by removing of the over-
ventilated dysfunctional pulmonary parenchyma (7).
However, DLCO measurements may differ in COPD
patients due to the uneven ventilation and more reli-
able test methods must be used (8).

When anatomically operable lung cancer cases are
evaluated with spirometry and DLCO, lung perfusion
scintigraphy is ordered as a further examination in
case of the pulmonary functions determined at the
borderline, especially in the patients scheduled for
pneumonectomy. Planar-image pulmonary perfusion
scintigraphy provides two-dimensional views of the
lung, enabling evaluation of postoperative FEV,.
Quantitative radionuclide perfusion scanning is used
to measure functions of each lung and their segments
(9). In general, lung regions affected with cancer
have a decreased perfusion, but in some cases
increased perfusions have been reported, which
underestimate postoperative spirometric parameter
percentages (10,11). This is resulted from the over-
lapping pulmonary regions with different functions.
This method has become the most common second
line test, because it is simple and available in many
hospitals. Algorithm protocols of pulmonary func-
tions should be settled, and new imaging methods
should be developed for the patients with pulmonary
functions at the borderline.

VRI is a commercially developed acoustic lung imag-
ing system, which was designed for clinical practice,
showing the respiratory sound distribution as dynam-
ic grey scale (1). This method may be useful in deter-
mining the presence of incidental sounds, although
its interpretation requires highly technical expertise
and it provides poor information about the spatial
distribution of respiratory sounds (12,13).
Reproducibility is clinically useful and a prerequisite
for development of the acoustical imaging device.
Mahagnah and Gavriely demonstrated that the spec-
tral patterns of breathing and backround noise did
not show a significant difference between the two
recording sessions (14).

Above-mentioned studies which proved that VRI xp
device was sufficient in detection of the significant
changes in pulmonary sound demonstrated normal
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pulmonary sound have specific features differentiating
them from the abnormal sounds, supporting the poten-
tial clinical value of acoustic lung imaging (15,16).

In a study by Jimenez et al., perfusion scintigraphy,
VRI, FEV, and DLCO were measured in 58 patients
scheduled for operation due to lung cancer and
measurements of FEV, and DLCO were repeated
after 4 and 6 weeks of the surgery. No significant dif-
ference was found between the estimated and post-
operative FEV, values (p> 0.05). Average estimated
postoperative pulmonary functions were found with
0.74 correlation and 0.70 concordance for the perfu-
sion and VRI (17). In this study, looking to the num-
ber of patients having a difference less than 10%
between estimated PPO values and actual values at
the postoperative 1°' month, respective predictive
values for PPO VRI and PPO perfusion were found as
84% and 47%. This indicates that significance of
PPO VRI was high in prediction of 15 month postop-
erative values in our patients. It must be noted that
VRI does not measure perfusion and ventilation of
the lung, and it uses acoustic energy.

No correlation was found between VRI and perfusion
in a study by Morice et al., while rate of agreement
was found as 52% between PPO VRI and PPO perfu-
sion in the statistical analysis of the first part of our
study. This rate was low, although a positive correla-
tion was observed with linear regression analysis on
the comparison of PPO FEV% values calculated with
VRI and perfusion in 11 patients undergone pneumo-
nectomy (R?= 0.75) (18).

Limitations of this study were as follows; because of
the small number of the patients, subgroup analysis
could not be made; DLCO was not performed during
the study and FEV/ results were analyzed only in the
early period.

Although this method is easy to implement and to be
learned, following the technical rules and accurate
interpretation are crucial. Well isolation of the back-
round noise and prevention the patients from exces-
sive secretion are necessary for the recording quality.
Exclusion criteria must be considered. Care must be
taken for reproducibility and technical sufficiency of
the records as well as the clinical and radiologic
features of the patient should be taken into account
during the interpretation. So that in this study, the
recording was performed by a technically trained
single pulmonologist.

In conclusion, we hope use of VRI device as the
second-line test for the preoperative evaluation will
increase, because of its being a simple, non-invasive,
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radiation free, easy to implement at bedside and hav-
ing a low total cost. We believe that, with further
studies, acoustic lung imaging will be added to the
non-invasive tools used for preoperative evaluation.
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