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Laparoscopic Heller myotomy is equally efficient and safe in patients
who had pre-myotomy endoscopic interventions when compared with
those with no interventions

Zeynep Bilgi'?, Adamu Issaka?, Hasan Fevzi Batirel®

'Department of Thoracic Surgery, Kars Harakani State Hospital, Kars, Turkey
’Department of Thoracic Surgery, Tamale Teaching Hospital, Tamale, Ghana
3Department of Thoracic Surgery, Faculty of Medicine, Marmara University, Istanbul, Turkey

ABSTRACT

Background: Endoscopic treatment (ET) methods for achalasia such as balloon dilatation and botulinum
toxin injection has good success for short and medium term management of achalasia. However some patients
either need repeat attempts or referred to surgery. In this study we analyzed and compared the perioperative
and disease specific quality of life outcomes of achalasia patients who either underwent surgery as a first line

treatment and the ones who underwent ET method prior to surgery.

Materials and Methods: The patients who underwent standard of care diagnostic workup and surgery for
achalasia by the same surgical team between 2007 and 2014 were recorded in a prospective database. The
patients who underwent surgery as a first line treatment (Group 1, n = 55) and the patients who underwent
prior ET (Group 2, n = 33) were identified. Demographic data, peroperative complications, length of hospital

stay, pre- and postoperative Eckardt scores were recorded and analyzed.

Results: A total of 88 patients out of 105 were available for follow up with average follow up time of 61.9 +
35.8 months. The mean age was 43.3 + 15.6. Mean hospital stay was 2.3 +0.8 days and there was no mortality.
Average duration of the effectivity of ET before myotomy was 5.7 + 7.7 months. Peroperative complications

not significantly accumulated in either group. Both groups showed comparable drop in Eckardt scores.

Conclusions: Heller myotomy and Dor fundoplication is a safe and durable option for treatment of achalasia

for both treatment naive patients and patients with previous repeated ET modalities.
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Introduction

Achalasia is a motility disorder of the esophagus charac-
terized by loss of neurons in myenteric plexus, impaired
coordinated relaxation of lower esophageal sphincter
(LES) and aperistalsis of the body of the esophagus, re-
sulting in progressive dysphagia and esophageal dilation
due to food stasis. If untreated, it leads to a poor quality
of life with pain / difficulty in swallowing, retrosternal
pain, regurgitation, weight loss, respiratory issues sec-
ondary to aspiration [1,2]. The severity of the symptoms
is mostly assessed by using the Eckardt scoring system
[1]. Although the exact cause of achalasia is unknown,
most of the promising research focuses on viral and au-
toimmune etiologies. Currently treatment strategies of-
fer symptomatic and functional relief through relaxation
of LES barrier, there is also evidence of partial return of
the peristaltic function of the esophagus after long term
resolution of the outflow obstruction [3]. Endoscopic
treatments like balloon dilatation and botulinum toxin
injection can provide quick relief with low morbidity
and mortality but repeated attempts may be needed to
maintain quality of life [4]. Myotomy on the other hand,
can be achieved either by minimally invasive surgery or
per oral endoscopic myotomy (POEM). Laparoscopic
Heller myotomy and partial fundoplication is a well-
established surgical procedure for achalasia with long
term data on patient selection, complications, hospital
stay and overall effectiveness [5]. POEM is a promis-
ing new technique delivering good symptom relief, but
concerns over lack of long term data, learning curve and
post procedure gastroesophageal reflux still remain [6].

Since there is a wide range of approaches avail-
able for treatment of achalasia and not a single option
is firmly established as a gold standard for first choice.
There is a significant subset of patients who received
previous single / multiple endoscopic treatments and
then referred for surgery due to the persistence of symp-
toms. Balloon dilatation / botulinum toxin injection can
induce anatomic disruptions, loss of tissue planes, fibro-
sis/scar tissue around gastroesophageal junction (GEJ)
and interfere with safety of standard surgical myotomy
technique. We report our results of laparoscopic Heller
myotomy and Dor fundoplication for patients who had
previous balloon dilatation in comparison to patients
who underwent surgery as a first line treatment.

Materials and Methods

112 achalasia cases were operated on in our institution
between 2007 and 2015 and were recorded in a pro-
spective database. All patients underwent appropriate
informed consent procedure, agreeing for further fol-
low up, recording and usage of anonymized medical
data for scientific and medical purposes. All procedures
followed were in accordance with the ethical standards
of the responsible committee on human experimenta-
tion (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008.

88 patients were available for long term follow up.
Patients were assigned into two groups as Group 1
(n=55); surgery as first line treatment, Group 2 (n=33);
surgery after prior endoscopic treatment. All patients
had standard workup for esophageal motility disorders
(esophageal standard and/or high resolution manom-
etry, esophagogram) and their demographic data, pre/
post-operative Eckardt scores, length of hospital stays
and perioperative complications were recorded.

Heller Myotomy and Dor Fundoplication was per-
formed by the same surgical team. The operation was
conducted laparoscopically with 4 port placements, typ-
ically three 5 mm trocars and one 10 mm trocar.

Data was analyzed using SPSS 11.0 software. Mann
Whitney U test was used for evaluating pre and post-
surgery changes in Eckardt scores, Student’s T test was
used for group comparison.

Results

Out of 112 patients who underwent laparoscopic Heller
myotomy and Dor fundoplication, 88 were available for
long term follow up and consented to participate in the
study. Patient characteristics and demographic data are
summarized in Table 1. Group 1 and 2 had an even dis-
tribution of patient gender and age. Average duration of
effectivity per attempt of endoscopic treatment was 5.7
months (1-12 months). Perioperative results and outcomes
are summarized in Table 2. Both groups enjoyed compa-
rable relief of symptoms measured by decreased Eckardt
scores after surgery (Group 1=86%, Group 2=85%) (Fig-
ures 1 and 2). There was no mortality and major morbid-
ity in either group. Average hospital stay and peroperative
complications did not differ between the two groups.

© Current Thoracic Surgery. All rights reserved.
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Figure 1. Pre/Postoperative Eckardt Scores for Group 1
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Figure 2. Pre/Postoperative Eckhardt Scores for Group 2

Group 1 Group 2
(Primary surgery) (Prior ET)
(n=55) (n=33)

Male/Female

27/28 12/21

Endoscopic Balloon dilatation
treatment x1=14

method x2=13

x Number of at- x>2=4

tempts Botox injection

= Number of x1=1

patients x2=1
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P value

Group 1

Group 2

Perioperative Mucosal perfora-
complications tion and repair n=2 foration and

Mucosal per- NS

Arrhythmian=1  repair n=3
Pneumothorax n=1 Incomplete
Myotomy n=1

Discussion

Laparoscopic Heller Myotomy and Dor fundoplica-
tion offers a durable, safe and effective solution for pa-
tients both as a first and second line treatment strategy.
In terms of technical difficulty, anatomic changes and
fibrosis related to stasis, dilatation and loss of normal
tissue planes can be shown histologically and may be
exacerbated by prior endoscopic treatment attempts [7],
but this fact did not necessary translate itself into de-
creased benefit from surgery, increased hospital stay /
morbidity. Both patient groups benefited from surgery
as expected, demonstrated by drop in their dysphagia
scores, correlating with existing literature [8].

Even though our data reveals that average duration
of symptom control after an endoscopic treatment mo-
dality is close to 6 months, there is a wide range of dis-
tribution. There are studies for balloon dilatation as a
first line technique and show the same pattern as well.
From a clinical point, this variation in response to treat-
ment, low morbidity and mortality and possibility of
equally safe surgery after endoscopic treatment forms
the rationale for a trial of endoscopic treatment as a first
line option for many gastroenterologists [4]. The out-
come from laparoscopic Heller myotomy is shown to
be durable beyond 1 year (86% vs 76%) with very low
relapse rates when compared with balloon dilatation
[9]. At 2 years, a significant subset of patients (15-30%)
will require symptom control for dysphagia after bal-
loon dilatation [9,10] (Table 3).
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Table 3. Comparison of various treatment methods for
achalasia

Study Tech- Number Morbidity/  Rate of Follow
nique of pa- Mortality success  -up
tients
Chang/2004 Endo- 66 4% perfora- 5
(12) scopic tion years
Kilic/2009 LHM 46 NR 9% 64
(11) years
Shara- POEM 100 6% 97% 1 year
ta/2015 (6) Intra-tunnel (as im-
leak: 3 prove-
Hemorrhage: 2 ment in
Prolonged  Eckardt

intubation: 1 score)

For patients failing to respond optimally to endoscop-
ic treatment options, referral for surgery seems to be just
as safe and also a definitive solution for outflow obstruc-
tion. It results in return of peristaltic function of esopha-
gus and potentially better long term functionality [3].

POEM also shows promising results [6], but there is
no long term data available. Large case series show it to
be an option comparable to surgery and caution should be
exercised for patients with long standing disease and for
patients who are not treatment naive. Technical impossi-
bility of adding an antireflux barrier procedure to POEM
and already increased risk of esophageal cancer in acha-
lasia patients may be a point of concern in the future.

In conclusion, endoscopic treatment modalities for
achalasia have variable durations of symptomatic con-
trol with low risk of morbidity and do not preclude sur-
gery for more definitive solution. Laparoscopic Heller
Myotomy and Dor fundoplication results in equally
favorable outcomes in both endoscopically treated and
treatment naive patients, also may provide for return of
esophageal motility in long term (Table 3). POEM pro-
ponents have published encouraging results but the pro-
cedural safety itself and long term results for inability
to include an anti-reflux barrier needs to be evaluated.
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Upregulated mRNA expression of mTOR in surgically resected early stage
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ABSTRACT

Background: Non-small cell lung cancer (NSCLC) comprises about 85% of all lung cancers. Although many
attempts for early detection and treatment, prognosis of NSCLC is still poor. In recent years the pathways
and the genes that play role in lung cancer development were researched widely. PI3K/AKT/MTOR which
is thought to be efficacious in the development of many cancer which controls the expression of many genes
playing an important role in cell proliferation, metastasis, resistance to apoptosis and angiogenesis. Also the
increase in CCND1 expression was shown in several cancer types. The aim of this study is to search the
mRNA expression profile of AKT, MTOR and CCND1 genes which has been thought to play role in NSCLC

development, and their expression in different pathological stages and histological types of the disease.

Materials and Methods: Forty-four NSCLC patients who didn’t get neoadjuvant therapy were included in
this study. The samples from tumor and matched normal lung tissue were obtained from resection specimens
(Iobectomy or pneumonectomy). Total cellular RNA was isolated from the samples. The mRNA expression levels

of AKT1, mTOR and CCND1 genes were measured by quantitative real-time polymerase chain reaction (QPCR).

Results: Our findings revealed a statistically significant increase of mTOR expression on mRNA levels
(P <0.05). Although AKT and CCND1 expression slightly increased in malign tissues, these changes in
the expression were not significant (P > 0.05). The mRNA expression of mTOR was also upregulated

and it was statistically significant for early stage disease and adenocarcinoma subtype (P < 0.05).

Conclusions: Inhibition of mTOR gene expression at mRNA level might be potential target for future
treatment strategies of NSCLC.

Key Words: non-small cell lung cancer, mRNA expression, AKT1, mTOR, CCND1
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Introduction

Non-small cell lung cancer (NSCLC) which comprises
about 85% of all lung cancers is one of the most com-
mon causes of malignancy-related death in developed
countries [1,2]. Smoking is the leading risk factor for
developing lung cancer, but not all of the smokers de-
velop cancer, suggests that environmental and genetic
factors contributes to the risk of cancer development
[3]. Although new techniques are developed to detect
lung cancer at an early stage, the prognosis is still poor
[4]. Hence, development of new therapeutic strategies

is still a need for achieving better survival rates.

Clinical course of NSCLC can highly differ from pa-
tient to patient within same stage and between different
age groups. The wide variation in the clinical behavior
of similar tumors is related to the difference in the ge-
netic code that underpins the biology of these tumors.
Therefore, comprehensive genomic profiling may play
a pivotal role in identifying these leading genomic alter-
ations. They could potentially be targeted by molecular
agents, which would undeniably change the poor out-
come of this devastating disease [5].

Over activation of phosphoinositide 3-kinase (PI3K)/
protein kinase B (AKT), the mechanistic target of ra-
pamycin (mTOR) pathway, plays a pivotal role in tumor
growth, invasion, and angiogenesis [6]. AKT is an up-
stream positive regulatory of the mammalian target of
rapamycin (mTOR). In fact, mutation and alteration of
gene expressions involved in PI3K/AKT/mTOR path-
way are shown to contribute NSCLC development [7].

The key downstream molecular target of PI3K/AKT/
mTOR pathway is mTOR [8]. The aberrant expression of
mTOR was previously shown in NSCLC [9]. Activation
of mTOR results in elevated protein synthesis and G1
cell cycle progression [10]. Furthermore, it was reported
that inhibition of mTOR leads to suppression of cyclin
D1 and consequently, inhibition of proliferation [11].

The goal of this study was to compare mRNA ex-
pression of AKT1, mTOR, and CCNDI (cyclin DI)
genes in matched normal and malignant NSCLC tissue
samples. Moreover, we also aimed to determine mRNA
expression profile of these genes in different pathologi-

cal stages and histological types of NSCLC.

Materials and Methods
Patients Characteristics

The study population consisted of 44 newly diagnosed
patients with non-small cell lung carcinoma (NSCLC)
who underwent curative surgical treatment between
March 2011 and December 2011 at Gazi University
Thoracic Surgery Department. The study protocol was
approved by the Local Ethics Committee of Gazi Uni-
versity Faculty of Medicine and written informed con-
sents were obtained from all patients. The exclusion
criteria were, received neoadjuvant treatment (chemo-
therapy or radiotherapy), radiologic tumor size < 2 cm
and tumors which occupy nearly all of the resection
material (there is almost no grossly normal tissue). Just
after the surgical resection (lobectomy or pneumonec-
tomy) matched tumor and adjacent normal (at least 4
cm apart from the tumor) tissue samples were collected
from the resection specimen. The fresh specimens were
cut into ~1 g pieces in operation room and frozen in
liquid nitrogen. Then, tissue samples were immediate-
ly transferred to -80 °C freezer. All tumor specimens
were confirmed by histological examination to contain
at least 70% of neoplastic tissue, while all macroscopi-
cally normal tissue samples were confirmed to be “nor-
mal” by the same pulmonary pathologist.

RNA extraction

Total cellular RNA was extracted using peqGOLD Tri-
Fast™ reagent (Peglab, Erlangen, Germany) accord-
ing to the supplier’s recommendations. Tissue samples
were placed in 1 mL Trizol and homogenized using an
Ultra Turrax® T10 homogenizer (IKA Werke GmbH &
Co. KG, Staufen, Germany). To remove potential traces
of DNA, total RNA samples were incubated with DN-
ase (DNasel, Roche Diagnostics, GmbH, Mannheim,
Germany) for 30 min at 37 °C. Then, all samples were
washed with 75% ethanol and resuspended in sterile
RNase-free H20. RNA samples were kept at -80 °C
until further analysis. Nanodrop spectrophotometer
(NanoDrop ND-1000, Montchanin, DE, USA) was
used for measuring RNA concentration precisely.

Complementary DNA (cDNA) Synthesis

Transcriptor First Strand cDNA Synthesis Kit (Roche
Diagnostics GmbH, Mannheim, Germany) was used
to reverse transcribe cDNA from 1 pg of RNA by the
help of random hexamer primer. cDNA reactions were
carried out in an Eppendorf Mastercycler EP gradient S
thermal cycler (Eppendorf, Hamburg, Germany). Then,
all samples were stored at -20 °C until assayed.

© Current Thoracic Surgery. All rights reserved.



Analysis of Gene Expression by mRNA

Gene-specific intron spanning primer pairs and their
appropriate probes were chosen relevant to the Univer-
sal Probe Library (UPL) Assay Design Center (https://
www.universalprobelibrary.com). Primers sequences of
the studied genes and UPL probe numbers were listed
in Table 1. The crossing points (Cp) were calculated for
each transcript using the Light Cycler®480 instrument
(Roche Diagnostics GmbH, Mannheim, Germany).
Quantitative real-time PCR (qPCR) conditions were as
follows; 50 cycles, kept at 95 °C for 15 seconds and at
60 °C for 20 seconds and then the samples were cooled
to 40 °C. Gene expression levels of the studied genes
were normalized to the housekeeping gene glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH). All gPCR
reactions were repeated three times.

Gene Forward primer

Reverse primer UPL
prob no

mTOR  5’- TGCTGGAA- 5’- CGCTTGTT-
GCCTTTGTC- GCCTTTGG- 75
TATG-3’ TATT-3

GAPDH 5°-AGCCA- 5’-GCC-
CATCGCTCA- CAATACGAC- 60
GACAC-3’ CAAATCC-3’

Statistical analysis

Relative gene expression results of AKT1, mTOR and
CCNDI1 genes were compared through “REST (2009
V2.0.13)” software using “Pair-wise Fixed Reallocation
Randomization™ statistical analysis test [12]. The P <
0.05 was considered to be significant.

Results

The details of the patient characteristics are presented in
Table 2. The patient group consisted of 41 (93.2%) males
and 3 (6.8%) females. The mean age was 61.1 (41-80)
years. The exposure to smoking was at an average of
60 pack-years. Only two of the patients had no history
of smoking. Histopathologic examination revealed 18
(40.9%) adenocarcinoma and 26 (59.1%) squamous cell

Sayan et al.
Upregulated mRNA expression

carcinoma. According to pathological staging, there were
8 (18.2%) patients with stage 1A, 9 (20.5%) patients with
stage 1B, 16 (36.3%) patients with 2A, 4 (9.1%) patients
with stage 2B, and 7 (15.9%) patients with stage 3A dis-
ease. The types of surgery performed were as follows;
33 (75%) lobectomy, 10 (22.7%) pneumonectomy, and 1
(2.3%) bilobectomy. Mediastinal lymph node dissection
was performed in all patients for an effective pathologic
staging (averagely 25 lymph nodes were dissected).

Study population %
(n=44)

Male

~
=

932

@)}
—
+

(=)
—_

Age (mean + SD)

<60

Smoking status

NS}
\S}
W
(=)

o~
[\§}

Current or ex-smoker 95.5

Histology

Adenocarcinoma 18 40.9

I 17 38.6

1T 7 159

Pneumonectomy 10 22.7

Bilobectomy 1 2.3

mRNA expression levels of AKT1 in the tumor tis-
sue was 1.1 times higher than in the matched normal
lung tissue, but this increase was not significant (P >
0.05). On the other hand the mRNA expression level
of mTOR gene was elevated by 2.5 fold (P < 0.05) in
tumor tissue when compared to matched normal lung
tissue. Also there was a 1.2 fold increase in the expres-
sion level of CCND1 in tumor tissue when compared to
the matched normal lung tissue, and this increase was
not also significant (P> 0.05). mRNA expression levels
of studied genes were demonstrated in Figure 1.
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Figure 1. Comparison of AKT1, CCND1, and mTOR mRNA
expression levels in tumor tissues and matched normal lung
tissues. *Denotes a statistically significant difference between

tumor tissues and matched normal lung tissues.

The subtype analyze according to the histologic type
of NSCLC revealed statistically significant elevation of
mTOR mRNA expression (3.6 fold) in adenocarcinoma
(ADC) (P < 0.05) (Figure 2). A slight upregulation of
mTOR expression levels is also found in squamous cell
carcinoma (SCC) but this increase was not statistically
significant (P > 0.05). We failed to find significant dif-
ferences in AKT1 and CCND1 expression levels among
these two histologic types (P> 0.05).
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Figure 2. Comparison of AKT1, CCND1, and mTOR mRNA
expression levels in ADCs and matched normal lung tissues.
*Denotes a statistically significant difference between tumor

tissues and matched normal lung tissues.

mRNA expressions of studied genes were also ana-
lyzed in accordance with pathological stage. mRNA
expression levels of mTOR in stage 1 tumors were 2.8
times higher than in the matched normal lung tissue (P
< 0.05) (Figure 3A). More detailed analysis revealed
that there was a 9.8 fold increase in the expression level
of mTOR in stage 1A tumors, when compared to match
normal lung tissue (P < 0.05). Two other studied genes,
AKT1 and CCNDI1 were also upregulated 3.7 and 2.6
fold times, respectively (P < 0.05) (Figure 3B). We also
found important changes (range 1.9-3.5 fold) for mTOR

mRNA expression in other stages between tumor tissue
and matched normal lung tissue, but these differences
did not make statistical significance (data not shown).
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Figure 3. (A) Comparison of AKT1, CCNDI1, and mTOR
mRNA expression levels in stage 1 tumors and matched
(B) Comparison of AKT1, CCNDI,
and mTOR mRNA expression levels in stage 1A tumors

normal lung tissues.

and matched normal lung tissues.*Denotes a statistically
significant difference between tumor tissues and matched

normal lung tissues.
Discussion

NSCLC accounts for 85% of all lung cancers, which
adenocarcinomas and squamous cell carcinomas consti-
tute approximately 80% of this type of lung cancer [13].
It is accepted that, the successful discovery, validation
and implementation of specific molecular markers for
early diagnosis and subsequent timely clinical interven-
tion could vastly improve the appalling mortality rate
for this devastating cancer [14].

Yue et al. showed an elevated mRINA expression lev-
els of AKT1 gene, as compared to adjacent-tumor tis-
sue [15]. In the present study, the expression of AKT1
mRNA was increased in the tumor tissue as compared
to matched normal tissue, but the upregulation was not
statistically significant. However, the analysis accord-
ing to tumor stage showed that mRNA expression level
of AKT1 gene elevated by 3.7 fold in stage 1A tumors.
No significant differences were found in AKT1 mRNA
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expression levels among the two histologic subtypes of
NSCLC. Up to our knowledge, this is the first study to
show the mRNA expression levels of AKT1 in NSCLC
in Turkish population.

While there is only one study about AKT1 mRNA
expression in NSCLC, several studies were already con-
ducted to analyze mTOR mRNA expression levels in pa-
tients with NSCLC. With regard to mTOR expression, it
was reported that there was an up-regulation in the ex-
pression level of mTOR in tumor tissue as compared to
adjacent-tumor tissue [15]. Similarly, Wang et al. showed
that mRNA expression levels of mTOR in the tumor tis-
sue were outstandingly higher than in adjacent-tumor tis-
sue [16]. Moreover, Liu et al. reported that mMTOR mRNA
expression was elevated in tumor tissue as compared to
matched normal tissue [9]. These results are similar to
our study and show the contribution of mTOR signal-
ing pathway in the development of NSCLC. As far as we
know, the current study is also the first to measure mTOR
mRNA expression in the tissue samples of NSCLC pa-
tients in the Turkish population. We showed an upregulat-
ed mTOR mRNA expression levels by 2.5 fold in tumor
tissue, when compared to match normal lung tissue.

On the other hand, a previous study has failed to find
association between the mRNA expression level of mTOR
gene and pathologic type [16]. Similarly, another study
showed that the mRNA expression of the mTOR gene
tended to increase in patients with advanced stage (stage
IIT) NSCLC, however, this elevation did not reach statisti-
cal significance (9). Conversely, we found a relation be-
tween upregulated mRNA expression levels of mTOR in
stage 1 tumors. We also showed that mRNA expression
level of mTOR gene is elevated by 3.6 fold in ADCs.

Detecting of increased mRNA expression levels in
stage 1A; a 3,7 fold for AKT1 and a 9,8 fold for mTOR
gene, our study suggests that there might be other genes
activating mTOR besides AKT1.

Li et al. showed that total CCND1 and its two splice
variants (CCNDla and CCNDI1b) mRNA expression
levels were elevated in tumor tissue as compared to non-
malignant tissue at both mRNA and protein levels [17].
In the present study, the level of CCND1 mRNA ex-
pression was higher in the tumor tissue than in matched
normal lung tissue, but the increase was not statistically
significant. Li et al. also demonstrated a relationship be-
tween mRNA expression levels of total cyclin D1 and

© Current Thoracic Surgery. All rights reserved.
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tumor stage of the patients [17]. We found that mRNA
expression level of CCND1 gene elevated by 2.6 fold in
tumor tissue of stage 1A, when compared to match nor-
mal lung tissue. No significant differences were found
in CCND1 mRNA expression levels among the two his-
tologic types of NSCLC. According to our knowledge,
this is the first study to examine the mRNA expression
levels of CCND1 in NSCLC in Turkish population.

Although carcinogenetic effect of smoking habits on
lung cancer development is shown via the AKT/mTOR
pathway, we are not able to carry out a formal compari-
son due to the limited number of non-smokers in our
study [3]. We believe that further studies with larger
number of patients should be conducted to demonstrate
such a relation.

Following mTOR-siRNA transfection of NSCLC
cells, the suppression of cell proliferation, migration
and induction of apoptosis were observed [18]. Hence,
RNA interference (RNAi)-mediated transcriptional
gene silencing might result in more promising patients’
outcome instead of blocking the action of the protein.

The main limitations of our study are the relatively
small number of cases and the uneven distribution of
female patients as compared to males. But in our coun-
try lung cancer incidence is nearly 10 times higher in
males and we think our study is truly reflecting Turkish
population. Due to freshly resected samples included
this study and short patient follow up period; it is not
possible to determine the association of mRNA expres-
sion of mTOR and prognosis.

As a conclusion detection of aberrant mRNA expres-
sion profiles in freshly resected tumor tissue could be
helpful to determine real molecular target. Thus, with
the selection of patients according to their molecular
signature is crucial for achieving the aim of personalized
medicine. We can speculate that, inhibition of mTOR
gene expression may be used to prevent tumor develop-
ment because of the presence of higher mTOR mRNA
expression at earlier stages of tumor tissues. Short in-
terfering RNA (siRNA)-mediated degradation of mTOR
mRNA before translation might take into consideration
another therapeutic approach for treatment NSCLC pa-
tients. We think this study will be a guide to other re-
searchers who will plan a study on Turkish population.
But further studies with larger number of patients should
be planned to achieve more definite conclusions.
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Diagnosis and treatment approaches of the lung hydatid cysts in childhood
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ABSTRACT

Background: Cyst hydatid is an important health problem in childhood and adult age group. We aimed to

present the management of childhood cyst hydatid cases treated with surgery.

Materials and Methods: The records of 33 patients that were operated on for lung cyst hydatid disease
at our clinic between 1999 and 2016 were evaluated retrospectively in terms of demographic data, clinical

findings, location of cysts, treatment methods and follow-up.

Results: Among 33 patients included in this clinical analysis study, 20 were male (60.6%) and the mean age
was 11.5 (4-15 years). The most common complaint was cough that was observed in 16 patients (48.4%).
78.8% of the patients had only one cyst, whereas 21.2% of the patients had multiple cysts. Cystotomy was
performed in 12 patients (36.4%), cystotomy + capitonage in 14 patients (42.4%), and decortication in
addition to cystotomy + capitonage in 7 patients (21.2%). There were no postoperative complications and no

recurrences were observed during the follow-up.

Conclusions: Surgical treatment is the primary treatment that can be performed successfully and safely in

childhood lung cysts hydatids.
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Introduction

Hydatid cyst is a parasitic infectious disease that has
been known since the time of Hippocrates, caused by
Echinococcus granulosus which is commonly found
in nature. It is endemic in the Mediterranean countries
including Turkey [1-4]. In adults, lung is the second
most common localization of the cysts following liver.
Whereas in child age group, lungs are at the first rank
[2]. Although it is common in adults, children are also
frequently affected by this disease [5].

In this article, we aimed to present our experience
of the surgivcal treatment of lung cyst hydatid at child-
hood period.

Materials and Methods

33 patients under 15 years of age who were operated
with the diagnosis of pulmonary hydatid cysts between
1999 and 2016 were retrospectively analysed. Patients’
data were obtained from the hospital records. Demo-
graphic findings such as age, sex, patients’ history and
the symptoms and findings determined during physical
examination were evaluated. Hematologic and biochem-
ical blood tests, chest X-ray, computed thorax tomogra-
phy (Thorax CT) and abdominal ultrasonography were
performed and the results were reviewed. Localization of
cysts, surgical technique and prognosis were evaluated.

Results

The study was approved by the clinical research eth-
ics committee of Cumhuriyet University (2016-10/ 16).
The medical files of 33 cases of hydatid cyst in the pe-
diatric age group were reviewed. 20 of the cases were
female (60.6%) and 13 were male (39.4%). The mean
age was 11.5 years (within 4-15 years range).

Cough was the most common symptom in the ma-
jority of cases, whereas 5 cases were asymptomatic. In
these 5 patients, the cyst was determined on chest x-ray
taken for different reasons. Figure 1 shows the distribu-
tion of symptoms.

Distribution of Symptoms
1% "Cough

®Chest Pain

®Heamoptysis

™ Cough plus
fever
Dsipnea

® Asymptomatic

Figure 1. Symptoms of the cyst hydatid patients

12

All patients underwent PA chest X-ray and thorax
CT before diagnosis. Except one patient all the patients
presented with unilateral cysts. Two (6%) patients had
comcomittant liver cysts.

In 26 (78.8%) cases only one cyst was found, where
7 (21.2%) had multiple cysts. The cysts were of equal
number in both lungs and lower lobes were more in-
volved (Table 1). In the majority of patients (66.7%)
there was a simple single lung cyst and observed as a
well defined homogeneous mass in the radiological im-
ages (Figure 2). Cyst rupture was detected in 11 pa-
tients (33.3%) and no allergic or anaphylactic reaction
was reported in any of these patient.

Table 1. Location of the Cyst Hydatid

Right lung Left lung
Upper Lobe 2 (5.5%) 8 (22.2%)
Middle Lobe 5 (13.8%)
Lower Lobe 11 (30.5%) 10 (27.7%)

Figure 2. Chest x-ray (A) of a patient with intact large cyst
and thorax CT scan (B)

All patients underwent a posterolateral thoracotomy.
Cystotomy was performed in 12 patients (36.4%), cys-
totomy + capitonage in 14 patients (42.4%), and de-
cortication in addition to cystotomy + capitonage in 7
patients (21.2%). Decortication had been performed in
all cases with perforated hydatid cysts. A parenchymal
resection such as lobectomy was not performed in any
of the patients. The postoperative course was unevent-
ful and no complications such as prolonged air leak,
bronchopleural fistula, abscess or empyema were seen.
During the followup no recurrences were detected.

Discussion

Hydatid cyst is an important health problem all over the
world and the incidence in our country is 20 / 100.000
[6-10]. Lung is the most frequent location of the hyda-
tid cysts at childhood period [10-12], and its reported

© Current Thoracic Surgery. All rights reserved.



that interestingly boys are effected more than girls. The
explanation is based on the suggestion that boys start
to contact with dogs earlier and more frequent than
girls [7,9]. In our study, there was male predominance
(60.6%) similar to the literature.

Intact lung cysts generally do not cause symptoms
and tend to be asymptomatic in pediatric age group. Due
to the delay in the diagnosis, the cyst were detected as
larger sized cysts [7,13]. In our patient group, the cysts
was 5 cm and bigger in diameter in 23 (69.7%) cases.

The patients applied to our clinic with one or more
symptoms and cough was the leading one which was
reported in 16 (48.4%) patients similar to the reports in
the literature [2,10,14].

The most common diagnostic method for lung cyst
hydatid disease is chest radiography [14]. The diagnosis
of intact or asymptomatic pulmonary hydatid cysts is
usually based on suspicion arising from an unexpected
finding on routine chest x-ray [5]. Diagnostic radiologi-
cal imaging methods are accepted to be more reliable
than serological tests [8]. Thorax CT is an important
imaging modality to demonstrate the density of intact
cysts and to detect cysts that are not seen on posteroan-
terior chest X-ray [5.8].

In the literature it is reported that the pulmonary
hydatid cysts are mostly single and multiple occur-
rence has been reported between 14% and 30%. It is
most commonly seen in the lower lobes [7,8,15-17]. In
consistent with the literature, 26 (78.8%) of our cases
had single cysts and 21 (63.6%) cases had cysts were
located at the lower lobes.

The main treatment for lung cyst is surgery [2,7].
The surgeon’s goal is to remove the cyst with the mem-
brane, to eradicate the parasite without forming a con-
taminant, and to close the remaining cavity [12]. The
choice of surgical technique depends on the condition
of the tissue surrounding the cyst during surgery. Com-
monly accepted procedures in surgery are parenchymal
protective procedures [7]. While all alive parasitic ma-
terial is removed, especially in children, the intact lung
tissue should be preserved to a maximum extent. The
most common surgical method is cystotomy and capi-
tonage [2,18]. In our patients, the most common tech-
nique was cystotomy and / or cystotomy + capitonage
performed in 32 (96.9%) cases. Especially in children,
parenchymal resections should be avoided even if there
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are complicated cysts as the affected parenchyma in
children has a high recovery capacity [2,8]. In our se-
ries, no parenchymal resections were performed in any
of the patients although the cysts were large or multiple.

It is reported that the most common postoperative
complications after cyst surgery are prolonged air leak,
pneumonia, recurrence, and empyema (16). In our se-
ries, our patients’ postoperative follow-up were un-
eventful and no recurrent disease was observed.

As an alternative to surgery, albendazole therapy has
recently been proposed. The efficacy of this treatment is
influenced by the thickness of the cyst wall [19]. How-
ever, they generally have low response rates, severe
drug reactions, markedly high perforations and recur-
rence rates. For this reason, albendazole therapy should
be performed when there is disseminated disease, when
the surgery is contraindicated, or in the presence of re-
currence risk due to contamination [7]. We only admin-
ister albendazole treatment after surgery for the cases
having a risk of contamination, as well.

As a conclusion, surgery was performed safely as the
primary treatment of pulmonary cyst hydatid in pediat-
ric patients where parenchymal preservation techniques
should be preferred.

Declaration of conflicting interests

The author declared no conflicts of interest with respect
to the authorship and/or publication of this article.

Funding

The author received no financial support for the research
and/or authorship of this article.

References

1. Celik T, Ak¢ora B, Tutan¢ M, Yetim TD, Karazincir S,
Akin MM, et al. Ruptured Pulmonary Hydatid Cyst:
a Case Report. Turkiye Parazitol Derg 2012; 36: 45-7.

2. Cangir AK, Sahin E, Enon S, Kavukcu S, Akay H,
Okten I, et al. Surgical treatment of pulmonary hyda-
tid cysts in children. J Pediatr Surg 2001; 36: 917-20.

3. Sahin E, Enon S, Cangir AK, Kutlay H, Kavukcu S,
Akay H, et al. Single-stage transthoracic approach
for right lung and liver hydatid disease. J Thorac
Cardiovasc Surg 2003;126: 769-73.

4. Cevik M, Boleken ME, Kurkcuoglu IC, Eser I, Dort-
erler ME. Pulmonary hydatid disease is difficult rec-
ognized in children. Pediatr Surg Int 2014; 30: 737-41.

13



Current Thoracic Surgery-Volume 2 Number 1 p: 11-14

10.

11.

12.

Celik M, Senol C, Keles M, Halezeroglu S, Urek
S, Haciibrahimoglu G, et al. Surgical Treatment of
Pulmonary Hydatid Disease in Children: Report of
122 Cases. J Pediatr Surg 35:1710-3.

Mahmodlou R, Sepehrvand N, Nasiri M. Sauceriza-
tion: a modified uncapitonnage method of surgery
for pulmonary hydatidosis. World J Surg 2013; 37:
2129-33.

Dincer SI, Demir A, Sayar A, Gunluoglu MZ, Kara
HYV, Gurses A. Surgical treatment of pulmonary hy-
datid disease: a comparison of children and adults.
Journal of Pediatric Surgery 2006; 41: 1230-6.

Topcu S, Kurul IC, Tastepe I, Bozkurt D, Gulhan
E, Cetin G. Surgical treatment of pulmonary hyda-
tid cysts in children. J Thorac Cariovas Surg 2000;
120: 1097-101.

Dakak M, Genc O, Gurkok S, Goziibiiyiik A, Bal-
kanli K. Surgical treatment for pulmonary hydatid-
osis (a review of 422 cases). J R Coll Surg Edinb
2002; 47: 689-92.

Aydogdu B, Sander S, Demirali O, Guvenc, Besik
C, Kuzdan C, et al. Treatment of spontaneous rup-
ture of lung hydatid cysts into a bronchus in chil-
dren. Journal of Pediatric Surgery 2015; 50: 1481-3.

Berberoglu B, Kaya Z, Aslan A.T, Celik A, Kurul
I.C, Yiicel C. Surgery and Interventional Treat-
ments in a Child with Hydatid Cyst. Gazi Med J
2011; 22: 85-7.

Ozdemir A, Bozdemir S.E, Akbiyik D, Daar G,
Korkut S, Korkmaz L, et al. Anaphylaxis due to

ruptured pulmonary hydatid cyst in a 13-year-old
boy. Asia Pac Allergy 2015;5: 128-31.

13.

14.

15.

16.

17.

18.

19.

Rebhandl W, Turnbull J, Felberbauer FX, Tasci E,
Puig S, Auer H, et al. Pulmonary echinococcosis
(hydatidosis) in children: results of surgical treat-
ment. Pediatr Pulmonol 1999; 27: 336-40.

Aydin ZGG, Yalcinkaya R, Teke TA, Bayhan GI, Oz
FN, Timur OM, et al. Coexistence of Pulmonary Hy-
datid Cyst and Mycoplasma pneumoniae Pndmonia
in a Child. Turkiye Parazitol Derg 2015; 39: 159-63.

Koca T, Dereci S, Gencer A, Duman L, Aktag AR,
Akcam M, et al. Cystic Echinococcosis in Child-
hood: Five-Years of Experience From a Single-
Center. Turkiye Parazitol Derg 2016; 40: 26-31.

Usluer O, Ceylan KC, Kaya S, Sevinc S, Gursoy S.
Surgical management of pulmonary hydatid cysts:
is size an important prognostic indicator? Tex Heart
Inst J 2010; 37: 429-34.

Ekingen G, Tuzlact A, Giiven¢ H. Thoracoscopic
surgery in the management of pediatric pulmonary
hydatid cyst. Turkish J Thorac Cardiovasc Surg
2005; 13: 62-64.

Tuncozgur B, Elbeyli L. Pediatrik Akciger Hida-
tik Kistlerinin Cerrahi Tedavisi. Pediatrik Gogiis
Cerrahisi. Ed. Yiiksel M, Kaptanoglu M. Pediatrik
Gogiis Cerrahisi. Istanbul Turgut Yaymcilik A.S.
2004: 319-34.

Dogru D, Kiper N, Ozcelik U, Yalcin E, Gocmen A.
Medical treatment of pulmonary hydatid disease:
for which child? Parasitology International 2005;
54: 135-8.

© Current Thoracic Surgery. All rights reserved.



Current Thoracic Surgery

To cite this article: Giirsoy S, Yoldas B, Ucvet A, Usluer O, Yazgan S, Aydogdu Ding Z. Solitary fibrous tumours, should they always considered to be
benign gigantic masses? Curr Thorac Surg 2017; 2(1): 15-19.

Solitary fibrous tumors, should they always considered to be
benign gigantic masses?
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ABSTRACT

Background: Solitary fibrous tumors (SFT) are rare seen tumors assessed to be originated from pleura.
Even though they are benign, after their complete resections malignant recurrences might be seen in
follow up period. In this study, based on our case series undergone complete surgical resection due to

SFT, we looked for an answer whether if it is convenient to accept these tumors as benign or not.

Materials and Methods: Patients undergone surgery between January 2000 and January 2011 were

included in this study. Follow up data, patients and tumor histopathological characteristics were analysed.

Results: Our series consisted of 14 cases (eight male, six female) with a mean age of 49.5 + 15.3 (15-70
years). All patients’ undergone thoracotomy, and complete resection was performed. The mean follow-
up was 50.3 + 30.6 months (between 9 -101 months). Two recurrences were detected and both patients

died due to recurrent disease.

Conclusions: Though they are considered to be benign lesions, SFT have a potential to come along
with malignant recurrences. Recurrences were observed in giant tumors and this makes us think if it
is possible to overlook a malignant focus in histopathological observation in such kind of big tumors.
In this sense, patients should be informed in this regard and a complete and wide resection should be

performed as much as possible with a long time follow up period as malignant diseases.

Key Words: Pleura, lung, intrathoracic pathology, wedge resection
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Introduction

Solitary fibrous tumors are mesenchymal tumors consid-
ered to be a form of mesothelioma and named as “benign
pleural lipoma, localized pleural mesothelioma” in the
past decades. They might origin from parietal or visceral
pleura [1]. Since it has been first described in 1937, been
the subject of several literature due to its rarity.

Although most of the patients are asymptomatic, non-
specific symptoms such as chest pain, shortness of breath
and cough might be seen [2-7]. Because sometimes pre-
operative diagnosis have difficulties, complete resection
is necessary for definitive diagnosis and treatment.

As we are going to discuss in this study, because of
the potential for malignant recurrence following up the
patients is also as important as complete resection. The
aim of this study is to shed light on these points in the
evaluation of our operated patients.

Materials and Methods

Patients undergone surgery between January 2000 and
January 2011 in our department consecutively and di-
agnosed as a solitary fibrous tumor histopathologically
were included in this study. We declare that the study
was performed in accordance with the ethical stan-
dards laid down in the Helsinki Declaration of 1975,
as revised in 1983. Routine laboratory tests, respiratory
function tests, chest X-ray and thorax computed to-
mography (CT) were done for all preoperative patients.
The limitation of pulmonary function tests, in patients
with a large lesion size, did not affect our surgical deci-
sion. Positron emission tomography was performed in
only 2 patients demonstrating benign lesions with low
FDG uptake. Patients with suspected invasion of sur-
rounding tissues were evaluated with thoracic magnetic
resonance imaging (MRI). Patients with no evidence
of a significant invasion were operated after informed
consent was taken. When any association with visceral
pleura was detected, safe surgical margins were ob-
tained with wedge resection. Similarly for the parietal
pleura, care was taken to perform a wide resection to
obtain safe surgical margins. These margins were all
proved via frozen section analysis. Histopathological
classification was done due to England criteria. Patients
were analysed retrospectively according to age, sex,
symptoms, radiologic features, preoperative diagnosis,
type of operation, postoperative diagnosis and survival.

Results
The mean age of the 14 patients included in the study
was 49.5 £ 15.3 years (range 15-70 years). Eight pa-

tients were male and six were female. While two of the
patients were asymptomatic, other were suffering from
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chest pain, shortness of breath, cough and sputum in the
order of frequency. The location of the lesions were the
same for right and left hemithorax. The median tumor
size was 11.7 + 6.6 cm (range: 2.5-24 cm) when six of

them were larger than 15 cm (Figure 1).

Figure 1. A, B. Radiological study of the giant mass. C.
Macroscopic view demonstrating the lobulated but smooth
contoured surface which was associated with visceral pleura
at one point. (The arrow is showing this wedge resection side)

Preoperative diagnosis was obtained in a limited
number of the patients, while some were diagnosed as
“spindle cell mesenchymal tumor” and some were re-
ported as “nondiagnostic material”. All patients under-
gone thoracotomy. Complete resection was intended, so
tumors associated with parietal pleura were resected with
surrounding parietal pleura, and for those associated with
visceral pleura wedge resection was performed (in 12 pa-
tients) including tumor free parenchymal lung tissue. Tu-
mors were originating from visceral pleura in eight cases,
parietal pleura in two and from both pleura in four cases.

Median follow up time was 50.3 = 30.6 months
(range 9-101 months) and was done with physical ex-
amination, chest X-ray and CT. One of the patients was
reoperated in the 8th month of her follow up due to re-
current gigantic mass. The first operation specimen was
reported as “benign” at histopathological analysis and
immunohistochemical analysis revealed vimentin (+)
while it was pancytoceratine (-) (Figure 2). At the sec-
ond exploration because of the extensive invasion to pe-
ripheral tissue, resection was not possible and the mass
was reported as “sarcoma”. Both of the patient’s patho-
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logical materials were reviewed retrospectively again in
our pathology department and another reference hospi-
tal. The patient died in the 9th month of her follow up.

P

Figure 2. A, B. Imaging of the compressive gigantic mass.
C. The lobulated solid tumor weighed 2.5 kg, measured
20x11x6 cm. D. Monotonous spindle cells in the form of a
myxoid stroma without cellular atypia, necrosis and mitosis
(HEx200) E. Immunohistochemical vimentin (+) stain.

Table 1. Clinical and pathological features of the 14 patients

Giirsoy et al.

Solitary fibrous tumo

Another patient was reoperated due to recurrence in
3rd year. The same patient had recurrence suspected to
have invasion to surrounding tissue in the 7th year of
her follow up and refused any treatment. This recur-
rence contributed to her death 101 months after the ini-
tial operation. Both tumors were larger than 15 cm. in
the two patients with recurrence. Other 12 patients were
all disease free in their follow up. Patients’ demographic
data is in Table 1.

Discussion

Solitary fibrous tumors take place in the literature due
to their rarity and the difficulties in both diagnosis and
treatment. According to large series majority of the pa-
tients are between 40-60 years [3,5]. The major series
reported recently are shown in Table 2.

In terms of gender although in our series sex dis-
tribution seems to be equal, Guo et al. [3] reported the
rate of female/male as 2.25. Median age was 44.6 in the
same series where as it was 49.5 in our study group.

Preoperative respiratory function tests might be at
the border or lower than expected especially in patients
having gigantic solitary fibrous tumors. This condition
might be due to the compression of the tumor to the
lung, so it should be taken into consideration that the
patient might have better postoperative FEV 1 results [8].

Thorax CT and if necessary MRI, can be used for di-
agnosis except for chest X-ray and routine tests [2-4,9].
There is not a definitive radiological sign defined for dif-

Case Age Sex Symptom Tm.*** Size (cm)  Side of tm. af’g b?/r]lflcrig F((;:llgl\;:hl;p Rec(l-ll-r/r-e;nce
1 56 M* Cough 11 Left PP 81 -
2 15 T RRE Chest pain 20 Left B 9 i
3 51 F Chest pain 16 Left VP 60.5 -
4 46 M Csieé'ifif 13 Left B 93 .
5 59 E SoB 15 Right PP 101 +
6 63 M SoB, sputum 15 Left VP 26 -
7 46 M Cough 8 Right VP 71.5 -
8 68 M SoB 4 Right VP 73.5 -
9 42 IF SoB 24 Left B 10 -
10 37 I8 Asymptomatic 6 Right B 53 -
11 30 M Asymptomatic 4 Right VP 14 -
12 70 M Chest pain 18 Right VP 40 -
13 48 F Chest pain 2.5 Right VP 40 -
14 62 M Chest pain 7 Right VP 323 -

*M: male, **F: female, ***Tm: tumor, ****SoB: Shortness of breath aMP: Mediastinal pleura, bVP: Visceral pleura, cBoth:

Both pleura
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Table 2. Data of the large series from literature

Literature Number of cases  Sex (male/female) Median age  Tumour size (cm) Benign/malign  Recurrence

Lahon et al. 157 72/ 85 58 9 %0 (57%) / 67 15 (9.5%)
(43%)

Harrison- 73 (87%) / 11

el 84 39745 57 5 (13%) 8 (9.9%)
33(82.5%) /17

Chu et al. 40 17723 48 - (175%) -
35 (89.7%) | 4

Guo et al. 39 27712 446+ 145 7.71 (10.3%) 1(2.6%)

Lu et al. 13 4/9 47 10.3 6 2

ferentiating benign and malignant tumors. Nonetheless
heterogeneity, mass effect and pleural effusion are more
frequent in malignant solitary fibrous tumors [10]. In addi-
tion it is reported that positron emission tomography have
limited diagnostic value in solitary fibrous tumors [11,12].

It is generally difficult to have a diagnosis at the pre-
operative period in SFT, most of the patients have their
definitive diagnosis at the postoperative period. Orki et
al. [13] reported their three patients, two of whom did
not have diagnostic findings although their preopera-
tive biopsy. Similarly, Guo et al. [3] reported the lim-
ited assistance of preoperative biopsy for the diagnosis,
emphasizing the risk of tumor seeding and avoiding
unnecessary biopsies [14]. Compatible with the litera-
ture, our patients had their definitive histopathological
diagnosis with surgical resection [3,6,7,13]. Chu et al.
[4], emphasized that puncture biopsy is a valuable tool
for diagnosing SFT, and added that the key is obtaining
a sufficient amount of biopsy tissue for successful im-
munohistochemical staining.

Although in our study all patients postoperative
pathological evaluation was reported to be benign, it
seems that the rate of malignancy mentioned in the lit-
erature, is higher than expected. At the study of Lu et
al. [2] seven of the cases from 13, were diagnosed to
be malignant. Among them, one patient experienced a
recurrence and one patient died of brain metastasis. Ac-
cording to data from this study and our study, the behav-
ior of the tumor is more important than it is histopatho-
logical analysis such as benign or malignant. A solitary
fibrous tumor which is considered to be benign, may
show a malignant progress with malignant recurrences.
At this point a question comes into mind: whether is it
possible to overlook a malignant focus in the large sized
tumors at the histopathological evaluation? A correla-
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tion between malignancy and tumor size is investigated.
However, in our series, six cases having tumors larger
than 15 cm. were all reported as benign. In clinical fol-
low up, in two of these cases recurrence and malignancy
was detected, and both of them died without having the
chance of any intervention. It should be kept in mind
that with the tumor size getting bigger the risk of having
a malignant focus inside is more possible and the risk of
overlook is more conceivably. Although there are stud-
ies supporting our data at this point [3], there are also
those who argue the opposite [5,7].

In the study of Guo et al. [3] 10.3% of the patients
were detected to be malignant from 39. One patient had
recurrence at the 6th month of his follow up, but refused
further treatment as the case in our study who had re-
currence at the 8th month. The rate of malignancy was
similar in the series of Harrison-Phipps et al. [5] (13%),
and were detected at the ones having malignant solitary
fibrous tumors. Ultimately 75% of the patients with ma-
lignant SFTs and 25% patients with benign SFTs experi-
enced recurrence. All of them had re-resection. Five year
survival rates were statistically different (89% vs 45.5%,
P =0.0005). Lahon et al. [ 7] reported a five year survival
rate of 96% in the group with benign SFTs, whereas this
rate decreases to 68% in malignant ones (P = 0.0003).

In the management of solitary fibrous tumors it is
considered to be very important to make a complete sur-
gical resection. To prevent recurrences, getting safe sur-
gical margins with performing a wedge resection for the
tumors arising from visceral pleura and associated with
lung parenchyma is fundamental [3,9]. It was necessary
to perform wedge resection to 12 of the patients in our
study. If the tumor grows into the parenchymal tissue
lobectomy also might be required [3,4,9].

© Current Thoracic Surgery. All rights reserved.



In conclusion, although solitary fibrous tumors are
considered to be benign tumors, it is very important for
the surgeons to perform a complete resection to prevent
recurrence. Recurrences detected during follow up pe-
riod seem like as a result of malignant potential. We are
in the opinion that, taking into account of this possibil-
ity, the objective of the pathologist should be observing
the whole material cautiously not to overlook a tumor
foci in a side of a gigantic mass. Also based on this pos-
sibility, surgeons should follow up their patients for a
long time.
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Video-assisted thoracoscopic removal of esophageal leiomyoma in a
patient with aberrant right subclavian artery
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ABSTRACT

Esophageal leiomyoma one of the most common esophageal tumors and frequently cause dysphagia,
requiring surgical removal for symptom control. Aberrant right subclavian artery may also cause
similar symptoms but its incidence is lower. We report a case who had dual pathologies as possible
causes of dysphagia. A straightforward bi-portal video-assisted thoracoscopic removal of an esophageal
leiomyoma was performed in a patient with an aberant right subclavian artery coursing posterosuperior

to the leiomyoma.
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Introduction

Esophageal leiomyoma is the most common benign
esophageal tumor, representing 70% of all benign esoph-
ageal tumors. Most esophageal leiomyomas are usually
slow growing and only discovered incidentally or when
they cause symptoms due to their size. Most common
symptoms are dysphagia, heartburn and regurgitation.
For incidentally discovered leiomyomas, conservative
treatment may be considered while if the size larger than
5 cm, progression or suspicion of malignancy warrant
surgical treatment [1]. Video-assisted thoracoscopic
(VATS) enucleation approach has been reported with
very encouraging results, reducing the pain and discom-
fort due to thoracotomy. Our approach was done with
the patient in lateral decubitus position, but excellent re-
sults with prone positioning were also published [2,3].

Aberrant right subclavian artery (ARSA) is one of
the rare reasons for dysphagia. In 80% of the cases it
runs posterior to the esophagus to connect to aorta distal
to the left subclavian artery and may cause catastrophic
complications if unrecognized before surgical interven-
tions in close proximity [4]. The recurrent laryngeal
nerve also has an abnormal course in cases of aberrant
right subclavian artery, branching from vagus, entering
directly to larynx.

In this article, we report the coincidence of an esoph-
ageal leiomyoma and an ARSA in a patient who pre-
sented to our clinic with dysphagia.

Case Report

The patient was a 39 year old gentleman who was re-
ferred to our clinic for work up of dysphagia for two
months. Endoscopy revealed an extraluminal mass par-
tially obstructing the passage, endoscopic ultrasound
was highly characteristic of an esophageal leiomyoma
but a tissue diagnosis couldn’t be reached through biop-
sies. A computerized tomography of the chest with in-
travenous contrast showed an aberrant right subclavian
artery running posterior to esophagus in close proximity
to the lobular esophageal mass (Figure 1). In terms of
deciding the dominant reason for dysphagia, a barium
swallow was performed, which showed bulging ex-
traluminal mass causing an incomplete obstruction of
the passage (Figure 2).

© Current Thoracic Surgery. All rights reserved.
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Figure 1. Contrast computerized tomography slices showing A.
ARSA (black arrow) and B. esophageal leiomyoma (black arrow).

Figure 2. A. 3-D reconstruction of vascular anatomy show-

ing ARSA, B. Barium swallow showing bulging extraluminal

mass, lateral and right oblique views.

The patient underwent a bi-portal (4th and 6th inter-
costal space, anterior axillary line) VATS enucleation of
the leiomyoma in left lateral decubitus position. Divid-
ing the azygous vein and a 3 cm myotomy was required
to gain necessary exposure for safe removal of the tu-
mor. The myotomy site was on the right lateral wall of
the esophagus for careful avoidance of the ARSA. The
myotomy was closed with three 2-0 absorbable sutures.
The patient had an uneventful intra- and postoperative
course and was discharged on 3rd postoperative day. He
was maintained on a soft diet for 2 weeks and can con-
sume a normal diet on 1st month of follow up, without
any symptoms.

Discussion

Clinical evaluation of dysphagia requires careful consid-
eration and can involve multiple diagnostic studies to de-
lineate a causative factor. In this case, we present a first in
the literature, a patient with two probable factors for dys-
phagia, a large leiomyoma and a right aberrant subclavian
artery. In terms of selecting an approach, a barium swal-
low study showing a real time passage of bolus and leio-
myoma’s impact helped us to determine the leiomyoma as
the main causative factor. During the surgery, preopera-
tive awareness of the ARSA was important for preventing
an intraoperative unexpected complication [4].
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In cases of mucosal rupture during stripping of the
tumor, simple suturation is usually enough for leak con-
trol. In our case, we did not encounter any mucosal rup-
ture, but placed sutures anyway, with the rationale of
restoring the anatomy and the blood supply.

Endoscopic ultrasound is fairly specific for diagno-
sis of esophageal leiomyoma and is also confirmed by
pathology results in larger case series. Biopsy is also
proven to be safe in cases of submucosal tumors, but
has little value for changing the clinical decision mak-
ing if the resection is to be done for symptomatic pur-
poses (dysphagia) [6,7].

VATS enucleation of esophageal leiomyoma has
been reported in large case series and results have been
more favorable than thoracotomy [5]. In our case, VATS
approach did not cause any problems regarding the
dissection and visual exposure even in this case with
complicated anatomy. In regards to VATS approach, we
preferred a lateral decubitus positioning as exposure of
anatomy is more familiar in this position. Prone posi-
tioning is also used successfully by other authors [4].
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ABSTRACT

Pulmonary metastases of papillary thyroid carcinoma (PTC) is rare and generally present as a micronodular
or a miliary pattern. Herein we present a single giant chest wall metastasis of PTC that caused mediastinal
shift which was not reported in the literature. A 67 year old female patient admitted to the hospital due
to shortness of breath. A right sided mass on the chest wall and thyroid nodules were detected. PTC was
diagnosed and the patient underwent a total thyroidectomy. pT3NO were evaluated postoperatively. PET-
CT demonstrated the mass at right hemithorax (12 cm lesion, SUV max=7.2) plus needle biopsy showed
a metastasis of PTC. A chest wall resection plus right upper lobectomy and lymph node dissection was

performed as the first choice for PTC metastasis.
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Introduction

Cancer from almost every organ in the body can metas-
tasize to the lung such as colon, pancreas and breast car-
cinoma. Metastatic lung nodules can be found alone or
in groups [1]. Pulmonary metastases of papillary thyroid
carcinoma (PTC) is rare and usually has a micronodular
or miliary pattern [2]. In this article, we report a case
which presented with a single giant chest wall metasta-
sis that arose from PTC and causing a mediastinal shift.

Case Report

Sixteen months ago, a 67-year-old female patient, ap-
plied to another hospital due to shortness of breath. A
mass at the right hemithorax was found as a result of in-
vestigations. Diagnostic transthoracic needle aspiration
was performed without providing a diagnosis. Positron
emission Tomography (PET-CT) was performed due to
the suspicion of malignancy. A mass filling 60% of the
right hemithorax (SUV max 5.4) and a nodule in the left
thyroid lobe (SUV max 6.0) were found. Histopatho-
logic diagnosis from the biopsy of the thyroid nodule
revealed the presence of PTC and treatment options
were discussed in a multidisciplinary council and thy-
roid surgery was planned. The final pathological results
of patients who underwent total thyroidectomy con-
firmed PTC without a capsular invasion (pT3NO). No
other additional treatment options for the thyroid lesion
were presented at the same council. A thoracic surgical
intervention for the chest wall mass was refused by the
family. The patient was referred to our hospital. The pa-
tient’s posterioanterior (PA) chest x-ray and chest com-
puted tomography showed a thoracic mass with chest
wall invasion (Figures 1, 2). The lesion - measured ap-
proximately 12 cm in diameter - caused a mediastinal
shift, and a rare calcifications were detected. Needle bi-
opsy from the mass confirmed the diagnosis of papillary
thyroid carcinoma metastasis. Cranial MRI showed no
brain metastasis. A new PET/CT showed a higher SUV
max as 7.2 compared to the previous study without any
distant organ metastasis (Figure 3).
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Figure 1. Preoperative chest x-ray showing a giant mass at

right hemithorax.

Figure 2. Chest computed tomography showing the mass

invading the chest wall.

Figure 3. PET-CT showing the malign FGD uptake (SUV max 7.2).

© Current Thoracic Surgery. All rights reserved.



The mass (12.5x10x6.5 cm) was totally excised with
partial resection of the invaded right 2nd, 3rd, 4th, and
Sth ribs. A lobectomy due to parenchymal destruction and
lymph node dissection (4th, 7th, 9th, 10th, and 11th lymph
nodes) was also performed. The large chest wall defect
was closed using 3 titanium bars and a proline mesh (Fig-
ure 4). There were no complications from the procedure
and the patient was discharged at day 5 uneventfully.

Figure 4. Titanium bars with proline mesh for the chest wall stability

The final histopathological examination confirmed the
diagnosis of PTC metastasis. The surgical margins
was clear and, lung parenchyma and lymph nodes did
not show any evidence of tumor cells. The diagnosis
was supported by immunostaining (Thyroglobulin
(CMO022C) and HB -1 was positive) (Figure 5). Radio-
active iodine (I131) was provided as an additional treat-
ment to the patient. At the 8th month control no recur-
rences was seen (Figure 6).
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Figure 5. Pathological examination: immunostaining
(Thyroglobulin (CM022C) positive, the HB -1 positive)
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Figure 6. Postoperative chest X-ray at 8th month control.

Discussion

Thyroid cancer constitutes 1% of all cancers [3]. The
incidence of thyroid cancer is 5.5 to 6.6%, and is the
fastest growing type of malignancy in both sexes. Ten
year survival is 98% after surgery for PTC. However
recurrence of thyroid cancer is most commonly seen
with the this subtype [4]. Recurrence after surgery was
reported as 24% [5] at a Tubiana study. Therefore, close
follow-up of patients was recommended.

Bone metastases with the follicular type and PTC oc-
cur 7-20% and 1-7% of the cases respectively. Medical
drugs (analgesics, bisphosphonates), radiotherapy, sur-
gery and radioisotopes are used in a multidisciplinary
approach for the treatment of thyroid metastasis. 1131 is
an effective treatment modality for treatment of thyroid
cancer with bone metastasis however resistance is fre-
quently observed. Surgical treatment is indicated when
patients present with intractable pain, lesions are unre-
sponsive to medical therapy, there is low radioactive in-
volvement, or present with spinal instability [6]. While
the first option in the treatment of metastases is usually
1131 therapy, we suggested surgery as a more viable op-
tion because of complaints of dyspnea, the presence of
a mediastinal shift, and compression of the mass in our
case. However, we did use 1131 in the post-operative
treatment of our patient.

A literature search was carried out in ‘PubMed’ and
‘ResearchGate’ using the following keywords: papil-
lary thyroid carcinoma, chest wall and metastasis. Four
studies were found that resemble to our current case.
Kaya and Cermik [7] reported a case with diagnosis of
papillary carcinoma metastasis who underwent surgery
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but died due to multiple new metastases. In the present
case, a metastatic lesion was also detected first, but it
was quite large and single so we anticipated that it would
have a relatively good prognosis. In the second case
in the literature, presented by Li et al. [8] a chest wall
surgery was performed using endoscopic thyroid sur-
gery with metastasis to the sternocleidomastoid muscle.
Our patient had distant metastases independent of the
remote operation. Nakada et al. [9] presented the third
case. After PTCs, the sternal metastases became resis-
tance to radioactive iodine therapy; therefore, percuta-
neous ethanol injection (PEI) therapy was successfully
performed. In our case, many of the unknown effects
of PEI on dyspnea and due to the emergency situation
caused by the mediastinal shift, ‘surgery’ was consid-
ered as the first choice of treatment. Karamustafaoglu et
al. [10] presented the fourth case report having similari-
ties to our case. In this series of 4 patients, 3 patients
presented PTC and one diagnosed as medullary thyroid
carcinoma. Three patients who underwent chest wall re-
section died due to distant metastasis between 5 to 36
months, but one PTC case was still alive at 5th year
follow-up. We closely monitored our patient up to the
8th month because of recurrence rate.

As a conclusion and take home message papillary
thyroid carcinoma should be closely monitored after
surgery, even if the malignant potential of thyroid carci-
noma is low. For the treatment of metastases radioactive
iodine treatment, as the first choice, should be kept in
mind however when a resistance is faced surgical treat-
ment could be performed. In the cases with a medias-
tinal shift and dyspnea caused by a resectable tumor,
surgery should be considered as the first choice.
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A giant mediastinal ectopic goiter causing dyspnea and dysphagia
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ABSTRACT

Primary mediastinal ectopic goiter (PMG) is defined as the presence of thyroid tissue in the mediastinum
without having a continuity between the cervical thyroid and the mediastinal goiter. A fifty-seven year-
old man admitted to our clinic suffering from dyspnea, chest pain, shortness of breath, and dysphagia for
almost two months. Thorax computed tomography revealed a mass of 12 cm in the posterior mediastinum,

compressing the trachea and esophagus. The mass is resected completely via a right thoracotomy.
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Introduction

Primary mediastinal ectopic goiter (PMG) is briefly
defined as the presence of thyroid tissue in the medi-
astinum; but there are actually four criteria to call a
mediastinal thyroid tissue as PMG. There should be a
total discontinuity between the cervical thyroid and the
mediastinal goiter, presence of blood supply should be
from mediastinal vessels, there should be absence of
history or evidence of malignancy in both cervical and
mediastinal goiter and finally the cervical thyroid gland
can be present or absent with no history of thyroidec-
tomy [1]. It constitutes 1% of all mediastinal masses.
PMG usually presents itself by causing compression of
adjacent structures leading to dysphagia, hoarseness,
stridor and symptoms of vena cava superior syndrome
[2,3]. Surgical resection is the gold standard for the
treatment of PMG.

Our aim is to share this rare case and remind that
PMG should not be forgotten in differential diagnoses
in mediastinal masses.

Case Report

A 57-year-old male patient was referred to our clinic due
to dry cough, chest pain, shortness of breath, dyspnea, and
dysphagia for three months. Chest X-ray presented a medi-

astinal widening and a right tracheal deviation (Figure 1).

Figure 1. Chest X-ray demonstrating the widening of the

mediastinum and deviation of the trachea.

A tracheal shift was evident by palpation during the
physical examination. Thorax computerized tomography
(CT) revealed a 12x10 cm heterogeneous mass which
was located in posterior trachea, adjacent to anterior
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vertebral column and compressing the esophagus.

(Figure 2). Thyroid ultrasonography was normal.

Figure 2. Thorax CT demonstrating the mass in the medias-

tinum compressing and deviating the trachea and esophagus.

He did not have a thyroid operation previously. Rou-
tine laboratory tests including thyroid function tests,
beta-human chorionic gonadotropin (B-hcg, 0 miu/ml),
alpha-fetoprotein (aFP, 2.2ng/ mL) and lactate dehy-
drogenase (LDH, 2,2 U/L) were all in normal ranges.
Fiberoptic bronchoscopy revealed a severe external
compression trachea.

A right lateral thoracotomy is preferred to accom-
plish a reliable exposure for a posterior mass resec-
tion. The mass had no invasions to the adjacent organs
and structures and it is resected completely (Figure 3).
Histopathologic examination reported macrofolliculer
nodular colloidal hyperplasia. Figure 4 shows the post-
operative chest x-ray.

Figure 3. Pathologic specimen

Postoperative course was uneventful and he is
under follow-up and disease free for 3 years.

© Current Thoracic Surgery. All rights reserved.



N TETEEY

Figure 4. Chest X-ray after surgery
Discussion

Ectopic localization of thyroid tissue is a congenital
anomaly which constitutes 1% of all mediastinal mass-
es. Ectopic thyroid tissue may occur in any point along
the pathway of migration of primordial thyroid gland
from foramen caecum to its final destination, anterior
trachea between fourth and eighth week of gestation
[2/4]. The anterior mediastinum makes up 75-94% of
the localization, while in 10-15% of the cases, they oc-
cur in the posterior mediastinum.

PMG usually seen in 4th or 5th decades and there
is a female preponderance [5]. Although patients are
usually asymptomatic and incidentally identified, they
may present with symptoms of compression of adjacent
organs. Thoracic CT is very sensitive to delineate the
nature of the mediastinal masses and their relation to
adjacent thoracic structures. lodine-131 scanning which
is used to detect the thyroid tissue in the mediastinal
masses, is performed both to investigate the thyroid na-
ture of the mass and to prove that the mass had no rela-
tion to cervical thyroid gland.

Thoracic MRI can also be used in addition to thorax
CT to plan the surgical approach [6]. BHCG, oFP and
LDH levels are essential in the differential diagnosis to
distinguish nonseminomatous germ cell tumors from
other mediastinal masses. The mass showed a heteroge-
neous density on CT. Thyroid function tests and fHCG
and oFP levels were all normal.

Surgical approach depends on the location of the
mass. Median sternotomy, thoracotomy, cervical inci-

© Current Thoracic Surgery. All rights reserved.
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sion, and thoracoscopy are surgical approaches of PMG
resection. In this case we preferred a right lateral thora-
cotomy due to the localization. The patient was com-
pletely symptom free after the resection. After a long
term tracheal compression, a postoperative tra-
cheomalacia is a rare but expected complication

which was not seen in this case.

In conclusion, this case emphasizes that PMG is a
part of differential diagnoses for mediastinal masses de-
spite to its rareness. Thoracotomy is the most common
approach to resect mediastinal masses which are greater
than 4 centimeter.
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ABSTRACT

Emphysema is a frequent phenotypic manifestation of chronic obstructive pulmonary diseases which does not
respond to pharmacotherapy. Interventional methods can provide relief for severely ill and highly symptomatic
emphysema patients. A quite well studied endoscopic method is the minimally invasive, non-surgical
procedure with coils. Coils are small, shape-memory Nitinol implants designed to gather and compress lung
tissue, re-tension the diseased airway network and increase the elastic recoil in the emphysematous lung. To

date, the positive benefit-risk ratio of coils is documented by several well-designed randomized clinical trials.
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Introduction

Chronic obstructive pulmonary disease (COPD) is an
increasing cause of mortality worldwide. Its prevalence,
morbidity and mortality vary across countries. Often,
the prevalence of COPD is directly related to the preva-
lence of tobacco smoking, although in many countries,
outdoor, occupational exposures and indoor air pollu-
tion are major COPD risk factors [1].

Emphysema

COPD is characterized by persistent airflow limitation
that is usually progressive and associated with an en-
hanced chronic inflammatory response in the airways
and the lung to noxious particles or gases [1]. Two clin-
ically relevant phenotypes exist: chronic obstructive
bronchitis/bronchiolitis and emphysema. The chronic
inflammation causes structural changes, destruction of
parenchyma and narrowing of the small airways [1]. Al-
veolar attachments are destroyed and abnormal enlarge-
ment of air spaces distal to the terminal bronchioles oc-
cur, which are typical for emphysema. As a result, the
gas exchange surface is reduced and lung elastic recoil
decreases. Due to the decreased elastic properties of the
lung tissue, small airways collapse during expiration
which can cause irreversible hyperinflation [1].

Hyperinflation is described by residual volume, em-
physema is diagnosed in radiology. Computed tomog-
raphy (CT) is a sensitive technique for the detection of
emphysema [2]. Functional tests alone are insufficient to
quantify the extent of parenchymal loss. However, mea-
surement of diffusion capacity can provide information
on the functional impact of emphysema and is often help-
ful for patients with breathlessness that may seem out of
proportion with the degree of airflow limitation [1].

Emphysema is a frequent phenotypic manifestation
of COPD which does not respond to pharmacotherapy.
Apart from that, many patients suffering from emphy-
sema show at least a certain degree of inflammation,
which should be treated with adequate medication [1].
Patients with emphysema commonly suffer from dys-
pnea [3], which can affect all aspects of everyday life.

Surgical and interventional therapy

Interventional methods can provide relief for severely
ill and highly symptomatic emphysema patients. To
date, several therapy options exist. The first method
to reduce lung volume in patients with severe emphy-
sema was lung volume reduction surgery (LVRS) [4].
Referring to the NETT trial, LVRS yields a survival
advantage for patients with both predominantly upper-
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lobe emphysema and low base-line exercise capacity.
Apart from that, variable impact on mortality using this
technique was reported [5]. The demand has led to the
development of therapeutic approaches applying endos-
copy, i. e. endoscopic lung volume reduction (ELVR).

Endobronchial coils — new therapeutic options
for severe emphysema

A quite well studied endoscopic method is the minimal-
ly invasive, non-surgical procedure with coils [6-13].
Coils are small, shape-memory Nitinol implants de-
signed to gather and compress lung tissue, re-tension the
diseased airway network and increase the elastic recoil
in the emphysematous lung. The re-tensioning effects
of the coils may also tether small airways open, helping
to prevent airway collapse during exhalation. Coils are
applicated bilaterally in two interventions. Currently,
two first-in-man studies [6,7], three feasibility trials [8-
10]9 and one published randomized controlled (RCT)
pivotal [12] study confirm the benefit of the technology
for patients with severe emphysema.

First-in-man and feasibility trials with coils

The first first-in-man trial was published by Felix Herth
and collegues in 2010 [6]. 11 patients with severe em-
physema underwent 21 procedures. Per procedure 4.9 +
0.6 coils were placed. During the total follow-up time of
7 — 11 months 33 adverse events were reported, none of
them severe. No pneumothorax occurred. The authors
concluded that endoscopic lung volume reduction with
coils was safe and feasible.

A second first-in-man trial by Dirk-Jan Slebos and
colleagues was published in 2012 [7]. 16 patients with
severe heterogeneous emphysema were included. Four
patients were treated in one lung, 12 were treated bi-
laterally. 6 months after treatment, significant effects
were observed: SGRQ total score improved by 14.9
points, FEV1 by 14.9% and 6-minute walking distance
(6MWD) by 84.4 m. All results were significant (P <
0.005). Observed adverse events within the first 30
days after intervention were 1 pneumothorax, 2 cases
of pneumonia, 6 COPD exacerbations, 4 cases of chest
pain and 21 cases of mild hemoptysis (< SmL). Authors
concluded that treatment with coils was a promising
technique for treatment of patients with severe hetero-
geneous emphysema resulting in significant improve-
ments in pulmonary function, exercise capacity and
quality of life, with an acceptable safety profile.

The RESET trial [7] by Pallav Shah and colleagues
was the first randomized controlled trial with coils in
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advanced stage of emphysema, published in 2013. 23
patients with severe emphysema were treated with coils
and compared to a control group of 23 patients treated
with conservative therapy. After 3 months, significant
improvements were observed in the treatment group:
FEV1 increased by 14.19%, compared to 3.57% in the
control group (P =0.03). The 6 MWD was 51.15 m lon-
ger in the treatment group, compared to a decline by
12.39 m in the control group (P < 0.001). RV improved
significantly as well. Complications were rare cases of
exacerbations, pulmonary infection and pneumothora-
ces. No significant differences between the treatment
group and the control group were observed concerning
serious adverse events.

Karin Klooster and colleagues published a feasibil-
ity trial in patients with homogeneous emphysema in
2014 [10]. The study included 10 patients, who were
treated bilaterally. The primary endpoint of the study
was the improvement in 6OMWT. At 6 months, 6 MWD
had improved from 289 to 350 m. FVC, RV and SGRQ
total score had significantly improved as well. The
study showed, that the benefit of coil treatment is not
limited to patients with heterogeneous emphysema, and
in contrast to other ELVR-methods patients with homo-
geneous emphysema can benefit as well.

First long-term data were published by Gaetan
Deslee and colleagues in 2014 [9]. 60 patients with se-
vere bilateral heterogeneous emphysema were treated
in 11 centers and followed for up to one year. The pri-
mary endpoint of the feasibility study was the improve-
ment from SGRQ at 6 months. At 6 and 12 months
the mean improvements in SGRQ were 12.1 and 11.1
points, mean improvements in 6MWD were 29.7 and
51.4 m. FEV1 improved by mean 0.11 and 0.11 L and
RV declined by mean 0.65 and 0.71 L, respectively. All
results were significant (P < 0.01). Post hoc analysis
showed significant responses for SGRQ, 6MWT and
RV in patients with both heterogeneous and homoge-
neous emphysema.

To date, the longest follow-up term was observed
over a period of 3 years, in 22 Dutch patients. The study
confirms the long-term effect of the coils. Clinically rel-
evant improvements were shown to remain, with 40%
of the patients reaching the 6MWD minimal important
difference, and 59% reaching the SGRQ minimal im-
portant difference, respectively [11].

Pivotal trials with coils

The REVOLENS trial [12] by Gaetan Deslee was pub-
lished in January 2016. 100 patients were enrolled in
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10 sites throughout France. The randomized controlled
study was funded by the French Ministry of Health. Pa-
tients suffered from severe emphysema and represented
a broad range of patients in clinical practice. The pri-
mary endpoint was improvement of at least 54 m in the
6MWT at 6 months, which is nearly twice the minimal
clinically important difference for this test [14]. It was
reached by 18 patients (36%) in the coil group and by 9
(18%) patients in the usual care group. After 6 months
FEVI1 had improved by 9% in the treatment group
compared to a decline by 3% in the control group with
similar results after 12 months; 8% improvement in the
treatment group, 3 % decline in the control group. After
6 months SGRQ had improved by a mean of 11.1 points
in the treatment group compared to a mean decline by
2.3 points in the usual care group. After 12 months the
improvement in SGRQ in the coil group was mean 9.1
points, compared to a mean decline by 1.5 points in the
control group. The most frequent serious adverse event
was pneumonia. The magnitude and severity of adverse
events were consistent with previous coil studies.

The RENEW trial [13] is the first randomized con-
trolled pivotal trial including patients with homogenous
emphysema as well and conducted to support FDA ap-
proval. 315 patients took part in the study. The primary
endpoint is the mean improvement of 6OMWT after 12
months. Secondary endpoints are e. g. changes of FEV1
and SGRQ. As announced recently, all primary and
secondary endpoints could be reached. The between-
group differences of 6BMWD, SGRQ and FEV 1 after 12
months were 10.2 m, 8.9 points and 8.8%. The observed
adverse events corresponded to the expected safety pro-
file. Pneumothoraces, inflammation of the lower respi-
ratory tract, respiratory insufficiency, hemoptysis, exac-
erbations and dyspnea were observed more frequently
in the treatment group. The data is expected to be pub-
lished soon. For an overview of randomized controlled
trials with coils see Table 1.

Table 1. Overview of results in RCTs with coils compared to
the control group

Follow-up 6MWT SGRQ FEV1 RV

Trial (months) (m)  (points) (%) (L)

RESET (8) 46 3 +63.55% -8.36% +10.62* -0.31

?EIOLENS 100 12 +21 -10.6% +11%  -036%
RE
(131)\IEW 315 12 +10.2% -8.9* +8.8* na.

* result statistically significant
6 MWT, 6-minute walk test; SGRQ, Saint George’s Respiratory Ques-
tionnaire; FEV1, forced expiratory volume in I s; RV, residual volume
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Ongoing trials

A European register study of patients with severe ho-
mogenous and heterogeneous emphysema is currently
ongoing and has been recruitung since 2013 and will be
followed up for 5 years. 1,250 patients and more than 50
participating centers evaluates patient experiences and
collects additional data on the safety and effectiveness
of a therapy with coils. It is the largest study for inter-
ventional therapy methods in emphysema. The primary
objective is a change in SGRQ. Secondary objectives
are changes in 6 MWD, RV, FEV1 and safety.

Coils — data correspond to clinical practice

All primary endpoints in feasibility and pivotal trials
were reached in a statistically significant way. The ma-
jority of endpoints were clinically relevant for patients.
For minimal clinically important differences of the pa-
rameters used in the REVOLENS trial [12], see Table 2.
Additionally, the existing data show several advantages
of the coils. The method is independent of collateral
ventilation [7], which is seen in the majority of patients
in clinical practice [15]. Additionally it has been proven
to be effective in patients with homogeneous as well as

Hetzel
Endobronchial coils

heterogeneous emphysema [9,10]. In clinical practice

nearly one third of patients show a heterogeneous pat-
tern [16]. This is in contrast to other ELVR-methods.

Test MCID

4 points

RV 6.1 —8.6%

For a therapy with coils, several prerequisites have to
be met. The Nitinol spirals are an option for severely ill
and symptomatic emphysema patients meeting the crite-
ria of GOLD III with severe hyperinflation and a stable
course of disease (patients who are not a high exacerba-
tor phenotype, and have not recently been hospitalized
for a respiratory event within 3 months). Important con-
tra-indications are pulmonary hypertension, clinically
relevant bronchiectasis, giant bullae in chest CT or treat-

ment with anticoagulants. Inclusion and exclusion cri-
teria used in the REVOLENS trial are listed in Table 3.

Inclusion Criteria Exclusion Criteria

CT, computed tomography; FEV, forced expiratory volume in 1 s; mMRC scale, modified Medical Research Council dyspnea scale

© Current Thoracic Surgery. All rights reserved.
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As a conclusion, in the last years, several new thera-
peutic options were developed in the area of endoscopic
lung volume reduction. The main differences are related
to the therapeutic effect, area of application, number
and severity of adverse events and quality of scientific
data. To date, in contrast to other methods, the positive
benefit-risk ratio of coils is documented by several well-
designed randomized clinical trials [8,12,13]. Moreo-
ver, in the recently updated strategy paper of the GOLD
(Global Initiative for Obstructive Lung Disease) expert
group on management of COPD patients, endobronchial
implantation of valves as well as coils are mentioned as
bronchoscopic interventions for selected patients with
advanced emphysema. Both techniques can reduce end-
expiratory lung volumes and improve the patient’s exer-
cise capacity, lung function and quality of life (evidence
level B) [1]. Frank Sciurba concluded in his editorial in
JAMA with regard to the published pivotal study REV-
OLENS: “Should the emerging data from larger pivotal
trials support the meaningful clinical, albeit palliative,
responses observed in preliminary trials, physicians
caring for patients with COPD should not delay in pro-
viding evidence-based interventions that offer realistic
hope to patients with few other choices to relieve their

symptoms and improve their quality of life” [17].
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Endoscopic lung volume reduction in chronic obstructive airway disease
using one-way valves.
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ABSTRACT

Chronic obstructive airway disease (COPD) is a progressive, irreversible and debilitating disease causing
lung hyperinflation. Apart from smoking cessation and conventional medical treatment, lung volume
reduction surgery (LVRS) has been used for several years but it involves a major thoracic surgery with
high incidence of postoperative complications. In the past decade, different approaches of minimally
invasive endoscopic lung volume reduction (ELVR) have been developed which differ in indication,

mechanism of action, reversibility and are divided into two groups: blocking and non-blocking devices.

The endobronchial valves belong to the group of blocking devices available and have the largest series
of treated patients. These one way valves are used to occlude the most emphysematous and hence
destroyed lobe of the lung. Two different types of valves are available on the market: endobronchial
valves (EBV, Zephyr valves) and intrabronchial valves (IBV, Spiration valves). They differ in shape but

have a similar mechanism of action.

In order to improve the outcome of the ELVR using valves, dedicated screening involving pulmonary
function and exercise capacity testing as well as qualitative and quantitative CT analysis and perfusion
scan are necessary. Numerous studies in the past years have shown the efficacy and complications
following valve therapy. It has been demonstrated that patients with complete fissures show a more
pronounced benefit and a significant target lobe volume reduction. Furthermore, unilateral implantation
aiming at obtaining complete lobar occlusion has been more effective than the bilateral incomplete
treatment. Regarding possible complications, apart from pneumothorax, COPD exacerbations,

hemoptysis and valve migrations have been reported.

Summarizing, in comparison to LVRS, ELVR using valves is a less invasive alternative with the
opportunity to improve shortness of breath, exercise capacity, and quality of life in the patients, who

have reached the end of their conventional treatment options.
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Introduction

Chronic obstructive airway disease (COPD) is a major
cause of mortality and morbidity worldwide, currently
constituting the fourth leading cause of death and it
is estimated that it will occupy the 3rd place by 2020
[1]. Emphysema is present in approximately 1.8% of
the population. It is a progressive, irreversible and de-
bilitating disease, characterized by destruction of lung
tissue as a result of inflammation caused by exposure
to noxious inhaled agents for extended time. The most
common cause of emphysema is cigarette smoking, but
genetic, occupational, and environmental causes also
account for up to 10% of cases [2]. Despite extensive
public health initiatives aimed at discouraging cigarette
smoking, smoking-related lung diseases remain a sig-
nificant cause of disability and death worldwide.

The alveolar destruction caused by these agents
leads to impairment in gas exchange and elastic recoil
of the lung causing thus air trapping with an increase in
residual volume and hyperinflation which subsequently
worsen the patients” dyspnea perception. Because of
the hyperinflation the respiratory muscles are forced to
function at a mechanical disadvantage leading to de-
creased compliance of the chest wall and increase in
work of breathing. As a consequence, patients experi-
ence chronic shortness of breath and limited exercise
capacity and have thus a gradually declining quality of
life. Smoking cessation and conventional medical treat-
ment with inhaled bronchodilators (anticholinergics, be-
ta-adrenergic agonists), anti-inflammatory medications
(corticosteroids) and oral phosphodiesterase inhibitors
constitute the mainstay of pharmacological treatment
of COPD but are generally of limited benefit [3]. Long
term oxygen therapy is recommended in patients with
chronic respiratory failure and ventilatory support is in-
dicated in patients with significant hypercapnia and re-
lated clinical symptoms. Finally, pulmonary rehabilita-
tion and regular vaccination also play a very important
role in the complex treatment strategy of COPD.

Surgical treatment for severe emphysema

Lung volume reduction surgery (LVRS) has been used
for several years in order to reduce the size and the hy-
perinflation of the lung. This procedure was first de-
scribed by Brantigan back in the fifties [4]. Damaged
areas of lung are resected either via median sternotomy
or via a less invasive video-assisted thoracoscopy in or-
der to reduce the lung hyperinflation and in this way
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increase the breathing capacity. The benefits of LVRS
were reported and confirmed in the National Emphy-
sema Treatment Trial (NETT), which was a random-
ized controlled trial performed at 17 centers across the
United States, comparing LVRS with optimal medical
treatment [5]. 1218 patients were randomized and the
selected subgroup of patients who were randomized
to LVRS showed significant improvements in lung
function, exercise capacity and quality of life. LVRS
involves though a major thoracic surgery in a gener-
ally elderly population with limited breathing capacities
that very frequently have clinically significant comor-
bidities. The NETT trial revealed a high incidence of
postoperative complications; high incidence of serious
cardiopulmonary complications, prolonged air leak and
a three-month mortality rate of 5-10% were reported.
Thus, despite its potential benefits fewer than 300 cases
of LVRS are performed annually in the US and there are
similarly small numbers in Europe [6].

Another surgical treatment for severe emphysema
is lung transplantation. Accounting for 40% of all adult
lung transplantations performed worldwide, end-stage
COPD is the most common indication for lung trans-
plantation [7]. Although single lung transplantation was
in the past the predominant surgical therapy [8], the pro-
portion of patients undergoing bilateral transplantation
for COPD has increased significantly in the past decade.
A total of 3,640 adult lung transplantations were re-
ported in 2011 to the International Society for Heart and
Lung Transplantation Registry [7]. Lung transplantation
remains a major operative treatment available though to
a limited number of patients, due to limited organ avail-
ability and access to specialized tertiary care centers.

In the past decade, different approaches for endo-
scopic lung volume reduction (ELVR) have been de-
veloped with the aim of reducing lung hyperinflation
yet at the same time avoiding the morbidity, mortality
and costs connected with LVRS as well as widening the
indications to patients with severe comorbidities. These
techniques differ in indication, mechanism of action,
reversibility, as well as complications and are divided
into two groups: blocking and non-blocking devices.
All have been approved in Europe, but not by the US
Food and Drug Administration to date. The aim of this
review is to analyse the most widely studied devices for
the ELVR, the endobronchial and intrabronchial valves.
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The endobronchial valves belong to the group of block-
ing devices available and have the largest series of
treated patients. The characteristic feature of the en-
dobronchial valves is the ability to block the entrance
of air during inspiration, while permitting the emission
of air and secretions during expiration. These one way
valves are used to occlude the most emphysematous and
hence destroyed lobe of the lung. With every expiration
the amount of air in the treated lobe is reduced and this
leads to volume reduction of the treated lobe reducing
the overall lung volume and ideally inducing a complete

lobar atelectasis, Figure 1.
—

Figure 1. Atelectasis after valve implantation (courtesy of
Prof. HeuBel)

Two different types of valves are available on the
market: endobronchial valves (EBV, Zephyr valves)
and intrabronchial valves (IBV, Spiration valves). They
differ in shape but have a similar mechanism of ac-
tion; both devices are self-expanding and retained into
a catheter that can be introduced through the working
channel of a flexible bronchoscope. The choice between
one of the two types is influenced more by the bronchial
anatomy rather than by different outcomes after valve
placement. Although no comparative trial has been pub-
lished, the effect of both types of valves seems to be
similar.

Patient selection criteria for valve therapy
Pulmonary function and exercise capacity testing

In order to improve the outcome of the ELVR using
valves, dedicated screening, and selection of potential
candidates is necessary. Not every patient with ad-
vanced COPD and severe emphysema is in principle
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suitable for a valve implantation. Expert opinion sug-
gests that patients with COPD GOLD D (III-IV) may
be considered. The patient selection criteria for most
studies concerning the endobronchial valves have ini-
tially been adopted from the criteria previously used in
the NETT trial [5]. Therefore, patients with an FEV1
of <45% predicted and both an RV of >150% predicted
and a total lung capacity of >100% were initially en-
rolled. All criteria mentioned here are based on expert
opinion.

Patients with an FEV1 of <40% predicted and an
RV of >200% tend to benefit more from valves, al-
though this reflects the clinical experience rather than
published data. A DLCO of < 20% predicted is not a
strict contraindication for bronchial valve placement.
The lower the DLCO the greater the emphysematous
destruction of the lungs, however a significant number
of patients are unable to perform a DLCO assessment
correctly because they are not able to breath-hold for 10
seconds. Patients should have stopped smoking at least
4 months prior to any intervention and have received
optimal conventional medical treatment with inhaled
bronchodilators and anti-inflammatory medications.
Recurrent exacerbations/pneumonias with hospitalisa-
tions may exclude patients from ELVR. A distance in
6-minute walking test (6-MWT) of >140 m represents
a parameter for better endurance and for the functional
reserve of the patient. Patients should optimally have
taken part in a pulmonary rehabilitation program. There
is however till now no evidence if pulmonary rehabili-
tation should be performed prior to or after ELVR to
achieve the best outcome. Both the 6-MWT and the
requirement of pulmonary rehabilitation are surgical
inclusion criteria to minimize the peri- and postopera-
tive morbidity, and their relevance in the less invasive
ELVR is still unclear.

Qualitative, Quantitative CT analysis and perfu-
sion scan

The characterisation and quantification of emphysema
is necessary for treatment planning and for monitoring
of results. All patients require, in addition to the pul-
monary function testing, a high resolution computer to-
mography (HRCT) prior to the intervention. Normally
used in a low-dose protocol with a slice thickness of <1
mm, the HRCT enables the detection and quantification
of the destruction of the peripheral lung tissue. Emphy-
sema is divided into heterogeneous and homogeneous.
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Depending on the emphysema predominance in patients
with heterogeneous distribution, valve placement is pos-
sible in the upper lobes as well as in the lower lobes. In
VENT and Euro-VENT the outcome was similar for both,
without an increased risk for either of the group [9-10].
Homogeneous distribution of emphysema has not been
extensively studied so far. A small case series showed
that even patients with a homogeneous distribution could
benefit [11]. Currently, patients with severe homoge-
neous emphysema are being recruited into a European
Multicentre trial IMPACT NCT02025205) to evaluate
the effect of EBV placement in this patient subgroup.

Automated software programs help to visualize the
severity and distribution of emphysema using the raw
data and a threshold of -910 to -950 Hounsfield units
(HU) and the emphysema can in this way be quantified
automatically [12], Figure 2. Furthermore, new programs
can determine additional parameters such as the hetero-
geneity index, the peripheral pulmonary vessel volume,
low attenuation clusters (LACs) and also perform a three-
dimensional analysis of the fissures, which have been

shown to also play a role in predicting outcomes [13].

Figure 2. CT quantitative emphysema analysis, YACTA
(courtesy of Prof. Heul3el)

In lung parenchyma which has been destroyed by the
emphysema, the perfusion is reduced. A perfusion scan
can therefore be useful to confirm the target zone for
ELVR and to verify the heterogeneity.

Collateral ventilation and fissure analysis

Collateral ventilation is an important predictor for the
success of endobronchial valve placement. It has been
defined as “the ventilation of alveolar structures through
passages that bypass the normal airways” [14]. A post
hoc subgroup analysis the VENT study demonstrated
that patients with a complete interlobar fissure in the
HRCT experienced very good outcomes following
valve implantation [9]. A complete fissure is currently
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defined as being >90% complete between the target and
adjacent lobes in at least one axis on the CT. A complete
fissure seems to be a surrogate indicator for low interlo-
bar collateral ventilation (CV). Detection of large paren-
chymal connections is associated with a significant air
exchange independent of the central airways. Therefore,
for patients with an incomplete fissure it is very unlikely
for atelectasis of the treated lobe to occur as air can still
enter the lobe via “the back door” even if central lobar
occlusion is achieved. These patients will most probably
not benefit from valve treatment. This finding was con-
firmed by the results of the Euro-VENT [10].

Besides CT based fissure analysis, CV can be quanti-
fied by an invasive catheter-based measurement using
the Chartis® Pulmonary Assessment System (Pulmonx
Inc., Redwood, Calif., USA). It uses an endobronchial
catheter with a compliant balloon at the distal tip to
block the airway that is to be treated with endobronchial
valves. Air flows from the target lobe through the Char-
tis catheter and the amount of air flow as well as pressure
generated beyond the tip can be visualized via the Char-
tis console and thus CV can be quantified [15]. Patients
with no significant interlobar ventilation are the patients
who will benefit from valve implantation and are clas-
sified as “CV negative”; patients with a high interlobar
flow are classified as “CV positive” and these patients
are not candidates for ELVR with valve implantation.
In a prospective multicenter trial published in 2013 the
accuracy of CV assessment using the Chartis® System
was evaluated [16]. Eighty patients were evaluated and
the results demonstrated that Chartis measurement can
predict with 75% accuracy which patients will benefit
significantly from ELVR with valves.

Zephir valve

The Zephyr® Valves (EBV, Pulmonx, Inc., Palo Alto,
California, USA) have been studied most extensively.
They are made of a nitinol mesh covered by silicon,
with a double silicon membrane inside that opens dur-
ing expiration and closes during inspiration, Figure 3.
The valve is currently available in 3 different sizes.
Measurement of the airway diameter in order to deter-
mine the appropriate size is required and it is performed
with the introduction catheter. The catheter is advanced
via the working channel of a flexible bronchoscope and
is used to assess the size of the airway as well as deliver
the appropriate size of valve. The first pilot study with
this valve was published by Toma et al. in 2003 [17].
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Figure 3. Zephyr valve

In the first and largest up to date randomized con-
trolled trial, the Endobronchial Valve for Emphysema
Palliation Trial (VENT), in patients with severe hetero-
geneous emphysema, endoscopic lung volume reduction
with EBV was compared to best medical therapy [9].
In this trial 321 patients were randomized; 220 patients
with advanced emphysema were treated by a complete
occlusion of the targeted lobe (upper or lower lobe) by
EBYV and were compared to 101 patients who received
only standard medical therapy. Primary endpoints of
this study were safety and efficacy and the co-primary
endpoints were percent change in FEV1 and 6-MWT.
The difference between the 2 groups at 6-month fol-
low-up was FEV1 increase in the EBV group by 6.8%
(P =0.002) and an improvement in 6-MWT by 5.8%
(increase by 9.3 m). The most common adverse events
within 90 days were COPD exacerbations (7.9%), pneu-
mothorax (4.2%) and hemoptysis (5.6%). Although the
mean between-group difference was significant, the re-
sults were not clinically relevant.

Some patients were “better responders” though,
meaning that they had clinically significant changes in
their clinical outcome measures. The subgroup analy-
sis of patients with complete fissures though, showed a
more pronounced increase in FEV1 and 6-MWT (FEV 1
by 16.2% and 6-MWT by 7.7% at 6 months) and a sig-
nificant target lobe volume reduction, whereas the pa-
tients with incomplete fissures showed only minimal
difference to the control group. Fissure completeness as
assessed on HRCT scan was analysed individually as a
marker of collateral ventilation and was shown to be an
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independent predictor of response to treatment. Hence a
complete occlusion of the treated lobe with absence of
collateral ventilation proved to be prognostic factors for
significant improvement in FEV1 and 6-MWT. In the
recently published European cohort of the VENT study,
patients in whom target lobe volume reduction >50%
(TLVR) was achieved had much greater improvements
in clinical outcomes compared to a TLVR <20%. There-
fore, real volume reduction seems to be also an impor-
tant point for a better outcome. Complication rates such
as COPD exacerbations were the same in all groups [18].

Regarding the longer term effects of Zephyr valves
implantation, a study by Venuta et al. [19] assessed the
long term effects and also the clinical outcomes over 5
years. 40 patients were treated with Zephyr valves prior
to Chartis being available. FEV1 improved from 0.88 +
0.31to 1.1 £0.21 after 3 months and this change was sus-
tained on follow-up after 3 and 5 years. RV decreased
by a mean of 500 ml and both 6-MWT and mMRC score
improved significantly. Most of the improvements were
seen in the first year, but they were sustained over a pro-
longed period although the follow up was constrained
to only 9 out of the 40 patients for the full 5 years. No
severe complications due to the valves were observed.
There were deaths reported during the long follow-up
patients, but none of the deaths were associated with
valve placement. In view of the advanced disease the
mean and median survival was 36 + 4.3 months and 30
+ 4.6 months respectively. Survival was noted at 1, 3
and 5 years to be 81.6%,47.4% and 22.4% respectively.

After the recognition of possible predictive factors
more randomized controlled studies were carried out
in which only patients with low collateral ventilation,
were treated by complete occlusion of one lobe. In the
so-called Believer HiFi study [20], 25 patients with
complete fissures, were treated by valve placement and
compared with 25 patients of the control group. This
study did not take into account the results of the Char-
tis® measurement that was performed before valve im-
plantation though. Three months after the valve therapy
FEVI in the treatment group increased by a median of
8.77% (IQR 2.27-35.85) versus 2.88% (0-8.51) in the
control group (Mann-Whitney P = 0.0326). Significant
results have also been seen in the 6-MWT.

Another study from last year compared the clinical
outcomes in upper versus lower lobe EBV treatment in
severe emphysema [21]. Of the 331 patients treated, 60
had low interlobar collateral ventilation and successful
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lobar exclusion (45 patients with upper lobe treatment
and 15 patients with lower lobe treatment). A higher
destruction score (70.3 vs. 60.7%; P = 0.0010) and a
higher heterogeneity index (24 vs. 13%; P = 0.0005)
for the upper lobe cohort were the only differences in
the baseline characteristics between the two groups. At
180 days, both groups had improved clinically. There
were no significant differences in mean changes or re-
sponder rates of FEV1 (+23.8 vs. +22.9%), the SGRQ
score (-6.50 vs. -7.53 points), 6-MWT (+24.1 vs. +44.0
m), target lobe volume reduction (-1,199 vs. -1,042 ml),
or in the adverse event rate between both cohorts. This
study showed that patients with lower and upper lobe
predominant emphysema benefit equally from EBV
therapy when interlobar collateral ventilation is low and
lobar exclusion is achieved.

Finally, in the recently published STELVIO study
[22], a total of 68 patients were randomized to a treat-
ment arm and a control arm. In all 34 patients who re-
ceived valve treatment, significant collateral ventilation
had been excluded previously by Chartis® measure-
ment. Six months after valve implantation, a significant
difference in FEV1 (161 ml vs. 21 ml), forced vital ca-
pacity (VC) (416 ml vs. 69 ml) and the 6-MWT (60 m
vs. -14 m) have been seen between the two groups in
favor of the treatment arm. Furthermore, significant dif-
ferences in the SGRQ score, as well as the lobar volume
reduction have been reported. This study has thus fur-
ther confirmed the latest conducted randomized clinical
trials and has shown that valve therapy after appropriate
patient selection is an effective treatment option for pa-
tients with advanced emphysema.

Spiration valve

The intrabronchial valve (IBV, Spiration®, Olympus,
Tokyo, Japan) consists of a polymer covered framework
made out of nitinol (a nickel and titanium alloy) in the
shape of an umbrella, Figure 4. The valve is secured
to the bronchial wall by 5 hook-like anchors and can
be removed by grasping and pulling on its proximal
central rod with forceps. 4 different sizes (5, 6, 7 and
9 mm) are currently available. Three multicenter stud-
ies in the past decade enrolled patients with upper lobe
predominant emphysema. At the beginning valves were
placed unilaterally in the upper lobes and were initially
well tolerated by patients without any serious complica-
tions. The most frequent adverse events recorded were
pneumonia, COPD exacerbation, dyspnea, hemoptysis,
chest pain and pneumothorax [23-25].
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Figure 4. Spiration valve

It is interesting to note that in the pilot study by Ster-
mann et al. 12.1% of the patients sustained a pneumotho-
rax [25]. Following the observation of a higher incidence
of pneumothorax occurring with complete lobar occlu-
sion (especially of the left upper lobe), the investigators
modified their strategy during the study and continued
with bilateral treatment keeping open the lingula and
avoiding complete lobar occlusion. The aim of this treat-
ment strategy was not the actual lung volume reduction
but rather a redirection of air to less destroyed and better
perfused lung tissue, improving thus the ventilation/per-
fusion match. The results of this trial showed no modi-
fication of functional parameters (FEV1, total lung vol-
ume and exercise tests were unchanged) but a significant
improvement of quality of life (SGRQ = -8.2 points at
6 months). All three abovementioned studies showed a
significant improvement in quality of life questionnaire,
but they could not demonstrate a statistically significant
improvement of lung function parameters and 6-MW'T.

In a multicenter, blinded, sham-controlled study by
Ninane et al. [26], 73 patients were included. All pa-
tients had upper lobe predominant severe emphysema,
37 of them were randomized to bronchoscopy with
implantation of IBV valves and 36 had a sham bron-
choscopy. The treatment consisted of bilateral upper
lobe valve implantation with incomplete occlusion of
the target lobe. Overall the procedure and devices were
well tolerated and there were no differences in adverse
events between both groups. The most frequent com-
plications were pneumonia (3.6-4.2%), pneumothorax
(4.2-4.5%), hemoptysis (5.4-6.1%) and exacerbation
of COPD (7.9%). At 3 months follow-up, there was no
significant difference in lung function, health-related
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quality of life (assessed by SGRQ) or breathlessness.
Treatment with IBV without complete occlusion was
safe but ineffective and no functional improvement was
observed. The improvement in SGRQ in both groups
was attributed to a significant placebo effect. Another
randomized, sham procedure controlled, double-blind
multicenter trial from Wood et al. [27], 277 subjects
were enrolled at 36 centers. The primary effectiveness
measure was a significant improvement in disease-re-
lated quality of life (St. George’s Respiratory Question-
naire) and changes in lobar lung volumes. The primary
safety measure was a comparison of serious adverse
events. There were 6/121 (5.0%) responders in the treat-
ment group at 6 months, significantly >1/134 (0.7%) in
the control group [Bayesian credible intervals (BCI),
0.05%, 9.21%]. Lobar volume changes were signifi-
cantly different with an average decrease in the treated
lobes of -224mL compared with -17mL for the control
group (BCI, -272, -143). The proportion of respond-
ers in St. George’s Respiratory Questionnaire was not
greater in the treatment group. There were significantly
more subjects with a serious adverse event in the treat-
ment group (n = 20 or 14.1%) compared with the con-
trol group (n = 5 or 3.7%) (BCI, 4.0, 17.1), but most
were neither procedure nor device related.

Eberhardt et al. demonstrated that a unilateral pro-
cedure with the aim of a complete lobar occlusion is
more effective than bilateral incomplete treatment [28].
Twenty two patients were enrolled and randomised in
this study, 11 patients received unilateral IBV valve im-
plantation and 11 patients bilateral upper-lobe implanta-
tion. The aim of the unilateral valve placement was a to-
tal occlusion of one lobe, the bilateral treatment aimed
at an incomplete closure. The 30 and 90 day follow-up
showed a significant difference in lung function (FEV1
=+21.4 vs. -0.03%) and 6-MWT, as well as in mMRC
and SGRQ scores in the unilateral treated group. One
patient suffered a pneumothorax in the unilateral group,
and two patients in the bilateral group needed treatment
for a respiratory event. These results demonstrated that
the unilateral procedure aimed at obtaining complete lo-
bar occlusion is more effective than the bilateral incom-
plete treatment and that, given the superior outcome, the
increased risk of pneumothorax may be acceptable.

Complications of valve therapy

Although endoscopic valve therapy is a minimally inva-
sive procedure, it is associated with a complication risk.
Within the first 3 months after valve implantation in the
VENT study COPD exacerbations, hemoptysis, pneu-

42

mothoraxes, and also valve migrations were reported
[9]. In particular, pneumothorax has been of high im-
portance, since in the recent years a significant increase
in its incidence has been observed, Figure 5. While in
the VENT study a pneumothorax rate of only 4.2% was
recorded, in the follow-up studies the pneumothorax
rates were between 8-25% [20,29]. The cause of this
increasing incidence is the optimized patient selection:
a complete fissure seems not only to be a predictor of a
successful valve therapy, but also a predictor of pneu-
mothorax occurrence. A very rapid volume displace-
ment by an atelectasis of the treated lobe can lead to a
tear in the expanding untreated collateral lobe and thus
to a postinterventional pneumothorax. Thus with com-
plete fissures being a predictor of successful treatment
as well as of pneumothorax it is likely that patients who
suffer from pneumothorax after valve implantation will
also benefit from valve treatment. A retrospective study
showed that patients with a pneumothorax after valve
therapy experienced a lobar volume reduction of 65%
[30]. In another study it could be demonstrated that clin-
ical success will occur only in patients who in the course
after the successful pneumothorax management also de-
velop an atelectasis [31]. Nevertheless, pneumothorax is
a serious complication that usually requires intrapleural
drainage and in about half the cases requires also the
removal of at last one valve. An algorithm should be de-
veloped in order to manage these pneumothoraces that
occur after valve placement. Chest tube insertion is the
first step but if this fails to re-expand the lung, valve re-
moval or video thoracoscopy to seal the leak may be the

next step. Because the pneumothorax occurs in 76% of
cases within the first three days after valve implantation,
a stationary monitoring 48-72 hours is advised [32].

Figure 5. Pneumothorax after valve implantation (courtesy
of Prof. HeuBel)
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A 48-hour postinterventional bed-rest seems to mini-
mize the risk of pneumothorax [29]. In this recent study
von Herzog et.al, 72 consecutive COPD patients with
severe homogeneous or heterogeneous emphysema
and negative collateral ventilation status assessed by
the Chartis console, were treated with EBV. 32 patients
were treated with standard medical care (SMC) without
restriction to bed rest and 40 patients followed a modi-
fied medical care (MMC) that included 48 hours strict
bed-rest and, if needed, 16 mg codeine up for cough to
three times a day (TID). The frequencies of pneumo-
thorax were compared between the two groups. In the
48-hour bed-rest group a significant lower rate of pneu-
mothorax was observed (P = 0.02) and no significantly
increased incidence of thromboembolic events, infec-
tions or complications. However, the number of patients
of this study is too small, so further studies to verify
protective factors of pneumothorax are required.

As a conclusion emphysema is a debilitating lung
disease and a global health burden. Endoscopic valve
implantation is a new treatment option for patients with
advanced COPD and severe emphysema. Nevertheless,
medical therapy, pulmonary rehabilitation, as well as
smoking cessation remain the basis of therapy. In com-
parison to LVRS, the endoscopic procedures are less
invasive alternatives with the opportunity to improve
shortness of breath, exercise capacity, and quality of
life in the patients, who have reached the end of their
conventional treatment options.

The careful patient selection which should include
assessment of collateral ventilation, emphysema hetero-
geneity and distribution, the amount of hyperinflation
and comorbidities are all factors that need to be careful-
ly considered before treatment. Patients who are poten-
tial candidates, according to experts in the field, should
have in the lung function testing ideally FEV1<40%
and RV>200%. Even though patients with FEV1 of
under 20% were excluded from older trials since they
were considered a high risk group, it has been shown
in clinical practice that these patients also benefit from
these interventional techniques.

There is increasing evidence that endobronchial
valves are particularly effective in patients with het-
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erogeneous emphysema, where total lobar exclusion is
achieved and current data point even to a survival ad-
vantage for those patients with lobar atelectasis. The
best clinical and functional results seem to be correlated
with the development of atelectasis. Without atelectasis
the improvement is generally modest or absent.

The development of atelectasis or rapid volume re-
duction is associated with a risk of pneumothorax as a
consequence of the nontreated ipsilateral lobe expand-
ing quickly and the visceral pleura tearing. The pneumo-
thorax usually occurs within 24-72 hours after the pro-
cedure and may require an intercostal chest tube. New
research evidence seems to suggest that patients who
develop a pneumothorax after EBV placement showed
greater improvement in FEV1 and target lobe volume
reduction. Therefore, this risk may be acceptable for
the patient and the bronchoscopist in view of the poten-
tial clinical benefit. Finally, the main advantage of both
valves is their removability and safety. Currently how-
ever there is no comparative study available addressing
the question of superiority of one valve versus the other.
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