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Background. The aim of this study was thus to evaluate the feasibility and safety of taking biopsy specimens by cryoprobe
from the parietal pleura during semirigid pleuroscope. Methods. In a single-center, observational, prospective study,
patients with exudative pleural effusion (EPE) were evaluated with a semirigid pleuroscope between January 2015 and July
2017. Each patient underwent pleural biopsy using flexible forceps and flexible cryoprobe through pleuroscope following
diagnostic thoracentesis and closed pleural biopsy (CPB). Results. A total of 92 patients (median age 64 years) were
included in the study, most of whom were men (65.2%). Cytological cell block (CCB) and CPB made definitive diagnoses in
32/92 (34.8%) and 25/92 (27.5%), respectively; flexible forceps biopsy (FFB) and cryoprobe biopsy (CB) established
definitive diagnoses in 84/92 (91.3%) and 91/92 (98.9%), respectively. The sample obtained by CB (9.4 +4.9 mm) was
significantly larger than the other two methods: FFB (4.2 £2.3mm) or CPB (1.9 + 1.0 mm) (P <0.0001). The immuno-
histochemical (IHC) staining was more easily performed with CB (98.9%) compared to either FFB (87.0%) or CPB (13.0%).
There were no significant complications or procedure-related deaths. Conclusions. Based on these results, CB during
semirigid pleuroscope has a high diagnostic yield, differentiating EPE of unknown etiology with satisfactory effectiveness
and safety.

1. Introduction

Over fifty different pleuropulmonary or systemic disorders
can cause pleural effusions. Following diagnostic thor-
acentesis and closed pleural biopsy (CPB), up to 25 percent of
patients remain undiagnosed [1, 2]. Medical thoracoscopy
increases the diagnostic yield in these cases because it offers
the clinician a “window” for direct visualization and collec-
tion of samples from the parietal pleura [3]. Rigid thoraco-
scopy, with or without video assistance has traditionally
been the procedure of choice [4]. A now widely available

alternative to the conventional rigid thoracoscope is the
semirigid fiber-optic video pleuroscope [5, 6], which has
good sensitivity (91%) and specificity (100%) in the di-
agnosis of exudative pleural effusions (EPEs) and good
positive and negative likelihood ratios (4.92 and 0.08, resp.)
[7]. A semirigid pleuroscope can also be used therapeu-
tically to aspirate pleural fluid or to separate pleural ad-
hesions [8].

However, the obtained biopsy samples by semirigid
pleuroscope are small and insufficient depth due to lack of
mechanical power and the small size of the cup of the biopsy
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forceps [7, 9]. This results in concerns about diagnostic
adequacy, especially in patients with significantly thickened
pleura, and for this reason, new biopsy instruments are
needed. Biopsy via cryoprobe, first used in 1968, has mainly
been employed in the management of obstructive endo-
bronchial tumors. Recently, cryotherapy in bronchoscopy
has been used for several purposes including management
of endobronchial tuberculosis [10], endobronchial tumors
[11-13], for diagnosis of interstitial lung disease (ILD)
[14-17], and peripheral lung lesion [18]. These studies have
demonstrated that the cryoprobe is feasible and a more
efficient diagnostic tool with a superior diagnostic rate and
ability to obtain a larger specimen with better preserved
cellular architecture than forceps biopsy.

There has been an increasing interest in the feasibility
and safety of pleural cryobiopsy (CB) during semirigid
pleuroscope. Several studies have shown that CB during
flexi-rigid pleuroscope is feasible, safe, and effective [19-21].
However, most of these studies were conducted either with
small populations or retrospectively. This prospective study
thus aimed to evaluate the efficacy and safety of CB during
semirigid pleuroscope in diagnosis of EPE. We also assessed
the diagnostic yield of CB, quality of biopsy tissue obtained,
and feasibility of immunohistochemistry (IHC) staining, in
a comparison with conventional methods (CCB, CPB, and
FFB).

2. Patients and Methods

The study was performed prospectively between January
2015 and July 2017 at the department of the Division of
Pulmonary and Critical Care Medicine in the China Medical
University Hospital, which is a 2,146-bed community-based
university hospital in Taichung, Taiwan. The study was
approved by the China Medical University Hospital Internal
Review Board (CMUHI103-REC1-112), and written in-
formed consent was obtained from all patients.

2.1. Enrolled Patients. The patients were recruited from
inpatient clinics if they met the following criteria: (1) age >18
years, (2) presence of unilateral pleural effusion of unknown
origin after less invasive means of diagnosis, and (3) pres-
ence of advanced epidermal growth factor receptor (EGFR)
mutation positive nonsmall cell lung cancer (NSCLC), (4)
clinical resistance to an EGFR tyrosine kinase inhibitor
(TKI) (gefitinib, erlotinib, or afatinib), and (5) undergoing
a repeat biopsy for tumor genotyping as part of their routine
clinical care. Patients with the following criteria were ex-
cluded: (1) a tendency for uncontrolled bleeding, (2) unstable
cardiovascular status or severe heart failure, unstable he-
modynamic status, (3) Eastern Cooperative Oncology
Group performance status 4, and (4) persistent hypoxemia.

2.2. Instruments. The instrument that we used was the
autoclavable Olympus LTF-240 (Olympus, Tokyo, Japan)
semirigid pleuroscope with 2.8 mm inner channel diameter.
FFB of the parietal pleural was taken with flexible FB-35C-1
Olympus forceps with cusps being 2.4 mm for the outer
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diameter and a length of 3.5 mm; the CB sample was ob-
tained using a flexible cryoprobe with a 1.9 mm diameter and
a 900 mm length (20416-037, Erbokryo CA, Erbe, Germany)
and the CPB sample was sampled via Abram’s needle
(Figure 1).

2.3. Procedure. We performed diagnostic pleuroscopy in
bronchoscopy suite on a spontaneous breathing patient.
Bedside thoracic ultrasound was performed prior to the
procedure to establish the optimal entry point. The patient
was positioned in the lateral decubitus with the involved side
upward. Topical anesthesia was achieved by 2% lidocaine
mixed with adrenaline, applied subcutaneously and
throughout the chest wall to the parietal pleura. Patients
received intravenous midazolam for analgesia with sedation.
Patients’ blood pressure, pulse rate, and saturation were
continuously monitored. Supplemental oxygen was given
during the procedure. Initially, CPB with Abram’s needle was
performed before trocar insertion. All pleural fluid was re-
moved after insertion of the semirigid pleuroscope, and the
pleural space was thoroughly inspected. Suspected lesions in
parietal pleural nodules were taken by flexible forceps biopsy
and cryoprobe biopsy. Four sample specimens from CPB,
forceps biopsy, and cryoprobe biopsy were taken in each
patient. To avoid selection bias, we used forceps biopsy and
cryoprobe pleural biopsy in the same parietal pleural nodule.
A 14F chest tube was placed at the end of the procedure, and
a chest radiograph was obtained afterwards. The drainage
amount of pleural effusion and duration of procedures from
semirigid pleuroscope insertion to final withdrawal were
recorded.

2.4. Tissue Sampling and Complications. CPB was per-
formed prior to the insertion of the semirigid pleuroscope.
After giving local anesthesia at a suitable location at the
dorsolateral thoracic wall, pleural fluid was sampled via
Abram’s needle, and four biopsy specimens were taken with
an inward motion of the closed biopsy punch.

Conventional FFB was obtained using flexible biopsy
forceps that could be accommodated within the working
channel of the semirigid pleuroscope. CB was performed
following the pleural biopsy using FFB. The cryoprobe tip
was applied to the area of parietal pleura to be biopsied, and
the cryoprobe was activated for ~3 s by a foot-switch acti-
vation mechanism. The probe tip cooled to —89.5°C within
seconds after activation. The semirigid pleuroscope and the
probe, with the biopsied pleural tissue attached to it, were
then withdrawn together. Each biopsy sample was released
from the probe by thawing in saline, and then the sample was
fixed in formalin. Four biopsy specimens were taken in all
procedures.

The biopsy sites were assessed for bleeding each time
before further biopsies were performed. The degree of
bleeding at the biopsy site was assessed as follows:
nil =slight, self-limited; mild bleeding =requiring vaso-
active drug (adrenaline) injection; and moderate to severe
bleeding =requiring electrocautery or argon plasma co-
agulation (APC) intervention.
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FIGURE 1: (a) Semirigid pleuroscope; (b) flexible forceps; (c) Abram’s needle; (d) flexible cryoprobe.

2.5. Pathology and Diagnosis. The biopsy samples were
processed as per standard protocol for histopathology and
immunohistochemical (IHC) staining. An institutional pa-
thologist routinely conducted the histologic analysis. For
each patient, a definitive diagnosis was made on the basis of
the results of the pathology.

2.6. Statistical Analysis. The data were analyzed using SPSS
for Windows, version 17.0 (Chicago, IL, USA). Continuous
variables were reported as means + SDs and were compared
using 2-tailed Student’s t-tests. Categorical variables were
reported as the numbers of patients and percentages.

Differences between categorical variables were evaluated
using Fisher’s exact test. All statistical tests were 2 sided; a P
value < 0.05 was considered significant.

3. Results

3.1. Characteristics of the Patients and Pleural Effusion. A
total 92 patients (32 women, 60 men) with a median age of
64 years (range 22-92) were included in the study (Table 1).
Eighty-three patients underwent semirigid pleuroscope for
workup of an undiagnosed pleural effusion, and 9 patients
with EGFR mutation NSCLC and clinical resistance to an
EGFR TKI underwent repeat biopsy for tumor genotyping
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TaBLE 1: Characteristics of the patients. TaBLE 2: Characteristics of the pleural effusion.
Characteristics M;‘ig:rll g leézr:sgczc;p Y Characteristics M;(iﬁ:;gl?:r:sgczc;p Y
Age 64.8+13.9 Etiology for pleural effusion
Sex (n, %) Malignancy 69 (75)
Male 60 (65.2) Lung adenocarcinoma 47 (51.1)
Female 32 (34.8) Lung large cell carcinoma 1(1)
Underlying disease (1, %) .Lung squamous cell 222
None 35 (38.0) carcinoma
Malignancy 26 (28.3) Lymphoma 3(33)
DM 11 (12.0) Mesothelioma 2(2.2)
ESRD 5 (5.4) Nasopharyngeal cancer 2(2.2)
CHF 5 (5.4) Breast cancer 2(2.2)
Reason for medical pleuroscopy (n, %) Thyroid cancer 2(22)
Unknown pleural effusion 83 (90.2) Colon cancer 2(22)
Rebiopsy 9 (9.8) Sarcomatoid carcinoma 1(Q)
Cholangiocarcinoma 1(1)
Cervix cancer 1(1)
by semirigid pleuroscope. The samples were obtained using Urothelial carcinoma 1 (1)
all techniques (CPB, FFB, and CB). Cytological cell block Gastric cancer 1)
(CCB) was a.lso analyzed in the diagnosis .of pleural effusions. Angiosarcoma 1)
Pleural malignancy (47 lung adenocarcinoma, 1 large cell ,
carcinoma, 2 squamous cell carcinoma, 3 lymphoma, 2 Benign 23 (25)
mesothelioma, 2 nasopharyngeal cancer, 2 breast cancer, 2 B 8 (8.7)
thyroid cancer, 2 colon cancer, 1 cholangiocarcinoma, 1 Autoimmune related 2(22)
angiosarcoma, 1 gastric cancer, 1 cervix cancer, 1 sarcomatoid Chronic pleuritic 13 (14.1)
carcinoma, and 1 urothelial carcinoma) was diagnosed in 69 Drainage amount (ml) 1059 + 757
patients, and benign pleural diseases (8 tuberculosis pleuritic, Duration of procedure (minutes) 342+8.6
2 autoimmune pleuritic, and 13 chronic pleuritic) were di- Duration of subsequent chest
agnosed in 23 patients (Table 2). The average duration of the  drainage (days) 26+24
procedure was 34.2 min (+8.6 min), and the average drainage Length of stay after procedure
amount of pleural effusion was 1059 ml (+757 ml). The av- (days) 2.4%26
erage duration of chest tube drainage was 2.6 days (+2.4 days), 30 days mortality 0

and the average length of stay after procedure was 2.4 days
(+2.6 days). There were no deaths within 30 days after the
procedure.

3.2. Diagnostic Yield and Sample Quality. The diagnostic
yield was 32/92 (34.8%) in CCB. The CPB yielded a definitive
histopathological diagnosis in 25/92 (27.1%) patients. FFB
was able to establish a definitive diagnosis in 84/92 (91.3%)
patients. A diagnosis from CB was made in 91/92 (98.9%)
patients. Evaluation of the 92 patients revealed an advantage
for the new technique over conventional technique, with the
achieved diagnostic yields of CB being significantly higher
than the other three methods of FFB, CPB, and CCB
(P =0.017, P<0.001, and P<0.001 resp.). The immuno-
histochemical (IHC) staining was feasible in CB samples,
identifying 91/92 (98.9%) patients with a definite diagnosis,
which was significantly higher than that of the other three
methods of FFB (80/92, 87.0%, P =0.001), CPB (12/92,
13.0%, P <0.0001), and CCB (12/92, 13.0%, P <0.0001)
samples (Table 3). The sizes of specimens obtained by CB
(9.4mm +4.9mm) were significantly bigger than those of
the either CPB (1.9 mm + 1.0 mm) or FFB (4.2 mm + 2.3 mm)
(P<0.0001). Moreover, the CB specimens tended to be

artifacts that were less crushed and had better tissue integrity
(Figures 2 and 3).

3.3. Complications. The safety data are reported in Table 3.
All the procedures were generally well tolerated by the
patients. There were no significant complications reported in
any patient following the procedures. Mild bleeding, re-
quiring vasoactive drug (adrenaline) injection, was observed
in both groups (6/92 patients after FFB and 8/92 patients
after CB). No moderate to severe bleeding requiring elec-
trocautery or APC intervention occurred.

4., Discussion

This was a prospective, single-center, controlled study
evaluating the novel CB technique in comparison with
conventional technique using CCB, CPB, and FB in the
diagnosis of EPE during semirigid pleuroscopy. Our study
showed that CB during semirigid pleuroscopy was a safe
technique with a higher diagnostic yield (98.9%) for the
diagnosis of EPE. In addition, IHC staining may be easily
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TaBLE 3: The diagnostic yield, size, and quality of samples and complications.
Semirigid pleuroscope patients (n=51)  Close pleural biopsy  Flexible forceps biopsy =~ Cryoprobe biopsy ~ Cytology cell block
Diagnostic yield 25 (27.1) 84 (91.3) 91 (98.9) 32 (34.8)
For IHC stain 12 (13.0) 80 (87.0) 91 (98.9) 12 (13.0)
Size, mm 1.9+£1.0 42+23 9.4+49 —
Complication
Bleeding

Nil 92 86 84 0

Mild 0 6 8 0

Moderate to severe 0 0 0 0

Nil bleeding: slight, self-limited; mild bleeding: needing bosmin injection; moderate to severe: needing coagulation or APC. P value of diagnostic yield: close
pleural biopsy versus flexible forceps biopsy: <0.0001; close pleural biopsy versus cryoprobe biopsy: <0.0001; close pleural biopsy versus cytology cell block:
0.929; flexible forceps biopsy versus cryoprobe biopsy: 0.017. P value of IHC stain: close pleural biopsy versus flexible forceps biopsy: <0.0001; close pleural
biopsy versus cryoprobe biopsy: <0.0001; close pleural biopsy versus cytology cell block: 0.998; flexible forceps biopsy versus cryoprobe biopsy: 0.001. P value
of size: close pleural biopsy versus flexible forceps biopsy: <0.0001; close pleural biopsy versus cryoprobe biopsy: <0.0001; flexible forceps biopsy versus

cryoprobe biopsy: <0.0001.

| Cryoprobe biopsy
(CB) (FFB) (CPB)

Flexible forceps biopsy || Closed pleural biopsy

FiGURre 2: The pleural biopsy obtained by CB had larger tissue size
with better tissue integrity compared to the other two methods.

performed in samples obtained by CB (98.9%). Our ex-
planation for this is that CB samples (9.4 mm + 4.9 mm) are
larger and have better tissue integrity than samples from the
other techniques. Most importantly, there were no signifi-
cant complications after CB, with the occurrence of mild
bleeding after biopsy being similar in CB and FFB.

Medical thoracoscopy is a useful, effective, and safe
method for investigating and managing undiagnosed EPE
[22]. It can be performed using either a rigid thoracoscope or
a semirigid pleuroscope [3]. Although the samples obtained
by semirigid pleuroscope were smaller than those from the
rigid thoracoscope, there were no differences in the quality
and interpretability of the specimens assessed by the pa-
thologist. In other words, both approaches provide com-
parable diagnostic yields [9, 23]. However, taking adequate
samples from thickened pleura (e.g., in mesothelioma and
fibrothorax) remains the most important limitation of the
semirigid pleuroscope. This was not only a difficult but also
time-consuming task due to the lack of mechanical power
and the small size of the cup of the flexible forceps.

In addition, the histological finding of ‘nonspecific
pleuritis’ is common in thoracoscopic forceps biopsies, and
their false-negative rate for the detection of pleural malig-
nancy has been determined to be around 5%, with the most
frequent false-negative diagnosis being mesothelioma

2.5 4
*
2.0 °
§ 15
3 *
Ez o
1.0 4
0.5 4 3
O T T T
Cryoprobe Forceps Pleural biopsy

FIGURE 3: The sample obtained by CB (9.1 +4.5mm) was signifi-
cantly bigger than the other two methods: FFB (4.0 + 2.1 mm) or
CPB (1.9 + 1.0 mm) (P < 0.0001).

[2, 24, 25]. The mean interval between nondiagnostic thor-
acoscopy and the final diagnosis was 9.8 (+4.6) months [24],
and for mesothelioma, the interval was 8.7 months [26]. To
overcome the limitation of small biopsies by semirigid
pleuroscope, CB may be another choice. In our study, only
one patient (1.1%) without definitive diagnosis which was
diagnosed mesothelioma by surgery. As cancer therapy be-
comes more individualized, larger and better quality tissue
obtained at biopsy might facilitate mutational analysis and
genetic profiling [27]. Therefore, 9 patients with EGFR mu-
tation lung adenocarcinoma and having clinical resistance to
an EGFR TKI underwent repeat biopsy for tumor genotyping
by cryoprobe biopsy during semirigid pleuroscopy. CB
successfully obtained pleural tissue suitable for histopatho-
logical analysis in all 9 patients.

Cryotherapy in bronchoscopy has been used for diagnosis
and management of endobronchial lesion [11-14, 28, 29].
Endobronchial CB is safe and increases the diagnostic yield in
comparison with conventional FB [11, 30, 31]. The overall
superiority of CB is most likely due to the higher quality of the
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TaBLE 4: Comparison with similar studies.

Medical pleuroscopy patients (n=>51) Rozman et al. [19] Thomas et al. [18] Maturu et al. [20] Our study
Number of subjects 15 22 6 92
Age 61 (33-83) 72 (47-89) 50 (29-61) 64 (22-92)
Sex (male: female) 12:3 21:1 4:2 2:1
Quality of sample
Size (mm) (CB versus FB) NA 10 versus 4 9.2 versus 3.7 9.4 versus 4.2
Artifacts on histology
CB 6/14 2/22 0/6 NA
FB NA 21/22 3/4 NA
Diagnostic yield
CB 14/14 20/22 6/6 91/92
FB 15/15 20/22 3/4 84/92
Final diagnosis of mesothelioma 9 11 0 0
Bleeding (CB versus FB)
Nil 0 17 versus 18 NA 84 versus 86
Mild 14 versus 15 5 versus 4 NA 8 versus 6
Moderate to severe 0 0 0 0

NA: not available.

samples from their significantly larger biopsies regarding size
and artifact-free tissue sections, which has been shown in
previous studies [14, 28, 31, 32]. The cryotherapy probe also
facilitates sampling of target lesions positioned tangentially to
the instrument, which are difficult than samples from flexible
forceps, especially in narrow airway. The potential advantages
of this method are the shortening of the duration of the
procedure and avoidance of repeated biopsy-related com-
plications [30].

A number of recent studies have assessed the feasibility
and safety of pleural CB during semirigid pleuroscopy. These
results are summarized in Table 4. Rozman et al. demon-
strated that the samples were of good quality (81% were
easily interpretable), with the level of artifacts below 25%.
The specimens were adequate for histological diagnosis, IHC
staining, and DNA isolation, and a definitive diagnosis was
achieved in 20/22 (90%) of the subjects undergoing CB and
FFB [20]. Thomas et al. reported that CB (10 mm, 7-15.8) was
larger than FFB (4mm, 3-8) and had better preserved
cellular architecture and tissue integrity. Crushed artifacts
were less common with CB (2/22) compared with FFB
(21/22), and both FFB and CB made definitive diagnoses in
15/15 (100%) and 14/14 (100%) [19]. Maturu et al. also
showed that CB was significantly larger (P = 0.001) when
compared with FFB (9.17 + 1.84 versus 3.75 + 0.96 mm), and
that crushed artifacts were more frequent with FFB as
compared with CB (3/4 versus 0/6). Similarly, the depth of
tissue was greater with the cryoprobe. It revealed a higher
diagnostic yield for CB (6/6) compared to FFB (3/4) [21]. The
present study demonstrated that CB was significantly larger
(P <0.0001) when compared with FFB (9.1 +4.5 mm versus
4.0 +2.1 mm). THC stains were more easily performed with
CB as compared with FFB (91/92 versus 80/91), though not
reaching statistical significance. CB has proven to have
excellent tissue quality for ITHC [28], and we found that the

diagnostic yield was higher (but not statistically significant)
with CB (50/51) than with FFB (47/51). In the case of the
accuracy of diagnosis, it is well known that quality of the
specimen is important. Although CB reduces the histological
finding of “nonspecific pleuritic,” which presents a man-
agement dilemma for clinicians, the diagnostic yield of CB
was comparable to FFB based on the abovementioned
studies. These findings may be explained by the fact that
these studies were small and thickened pleura pathologies
were lacking in two of the studies.

In spite of the above-favorable evidence, the cryotherapy
probe has not been routinely used as a biopsy instrument
mainly because of concerns that the immediate pulling of
a frozen probe could lead to significant complications, such
as bleeding. Rozman et al. reported the assessed degree of
bleeding was slight and self-limited, as expected after biopsy
and no further interventions were needed [20]. Thomas et al.
indicated that mild bleeding was observed in their FFB
(4/22) group and CB (5/22) group [19]. Our study also
indicated that the incidence of mild bleeding was similar
between the CB group (8/92) and FB group (6/92). We did
not observe any other complications. These findings also
accord with previous studies [19, 20] that found CB during
flexi-rigid pleuroscopy was safe.

In spite of our careful study design, we acknowledge
a number of limitations in our study. First, only 92 patients
were enrolled in our study in a single hospital. Second, the
CB was taken after conventional FFB. Bleeding may not be
fairly evaluated when samples from the same lesion were
taken by CB and FFB. Third, for patients with thickened
pleural pathologies where FFB biopsy alone might lead to
a false-negative result, no additional diagnostic benefits were
found for CB over conventional FFB; one explanation for
this is that subjects with mesothelioma or fibrotic pleural
pathologies were lacking in our study.
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5. Conclusions

The results of the present study may be summarized as CB
during semirigid pleuroscope is a safe and feasible technique
and it has a diagnostic yield for the diagnosis of undiagnosed
EPE that is comparable to conventional pleural biopsy using
FFB. CB was also easier to interpret by the pathologist
because of the larger tissue samples with better preserved
cellular architecture. Larger randomized trials and multi-
center studies are required for further evaluation of the
routine use of CB during semirigid pleuroscopy.
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CB: Cryoprobe biopsy
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ILD: Interstitial lung disease

NSCLC: Nonsmall cell lung cancer
EGFR: Epidermal growth factor receptor
TKI: Tyrosine kinase inhibitor.

Disclosure

This study was presented as poster in 2017 European Re-
spiratory Society International Congress [33] and in the 40th
Annual Meeting of the Japan Society for Respiratory En-
doscopy [34].

Conflicts of Interest

No actual or potential conflicts of interest were associated
with this study.

References

[1] T. R. Collins and S. A. Sahn, “Thoracocentesis: clinical value,
complications, technical problems, and patient experience,”
Chest, vol. 91, no. 6, pp. 817-822, 1987.

[2] L. N. Venekamp, B. Velkeniers, and M. Noppen, “Does ‘id-
iopathic pleuritis’ exist? Natural history of non-specific
pleuritis diagnosed after thoracoscopy,” Respiration, vol. 72,
no. 1, pp. 74-78, 2005.

[3] P. Lee and H. G. Colt, “Rigid and semirigid pleuroscopy: the
future is bright,” Respirology, vol. 10, no. 4, pp. 418-425, 2005.

[4] P. Lee and H. G. Colt, “Pleuroscopy in 2013,” Clinics in Chest
Medicine, vol. 34, no. 1, pp. 81-91, 2013.

[5] B. Thangakunam, DJ. Christopher, P. James, and R. Gupta,
“Semi-rigid thoracoscopy: initial experience from a tertiary
care hospital,” Indian Journal of Chest Diseases and Allied
Sciences, vol. 52, no. 1, pp. 25-27, 2010.

[6] Z. Wang, Z. H. Tong, H. J. Li et al., “Semi-rigid thoracoscopy
for undiagnosed exudative pleural effusions: a comparative
study,” Chinese Medical Journal, vol. 121, no. 15, pp. 1384-
1389, 2008.

[7] R. Agarwal, A. N. Aggarwal, and D. Gupta, “Diagnostic ac-
curacy and safety of semirigid thoracoscopy in exudative

pleural effusions: a meta-analysis,” Chest, vol. 144, no. 6,
pp. 1857-1867, 2013.

[8] A. N. McLean, S. R. Bicknell, L. G. McAlpine, and
A.J. Peacock, “Investigation of pleural effusion: an evaluation
of the new Olympus LTF semiflexible thoracofiberscope and
comparison with Abram’s needle biopsy,” Chest, vol. 114,
no. 1, pp. 150-153, 1998.

[9] A. Rozman, L. Camlek, M. Marc-Malovrh, N. Triller, and
I. Kern, “Rigid versus semi-rigid thoracoscopy for the di-
agnosis of pleural disease: a randomized pilot study,”
Respirology, vol. 18, no. 4, pp. 704-710, 2013.

[10] E. Q. Fu, Y. D. Nan, F. G. Jin, and A. Q. Ma, “Therapeutic
effects of sequential therapy by electric coagulation, cryo-
therapy and balloon dilation with an electronic video bron-
choscope,” Experimental and Therapeutic Medicine, vol. 5,
no. 6, pp. 1649-1656, 2013.

[11] Z. Aktas, E. Gunay, N. T. Hoca et al., “Endobronchial cry-
obiopsy or forceps biopsy for lung cancer diagnosis,” Annals
of Thoracic Medicine, vol. 5, no. 4, pp. 242-246, 2010.

[12] M. Hetzel, J. Hetzel, C. Schumann, N. Marx, and A. Babiak,
“Cryorecanalization: a new approach for the immediate
management of acute airway obstruction,” Journal of Thoracic
and Cardiovascular Surgery, vol. 127, no. 5, pp. 1427-1431,
2004.

[13] M. O. Maiwand and G. Asimakopoulos, “Cryosurgery for
lung cancer: clinical results and technical aspects,” Technology
in Cancer Research and Treatment, vol. 3, no. 2, pp. 143-150,
2004.

[14] A. Babiak, J. Hetzel, G. Krishna et al., “Transbronchial cry-
obiopsy: a new tool for lung biopsies,” Respiration, vol. 78,
no. 2, pp. 203-208, 2009.

[15] G. L. Casoni, S. Tomassetti, A. Cavazza et al., “Transbronchial
lung cryobiopsy in the diagnosis of fibrotic interstitial lung
diseases,” PLoS One, vol. 9, no. 2, article e86716, 2014.

[16] O. Fruchter, L. Fridel, B. A. El Raouf, N. Abdel-Rahman,
D. Rosengarten, and M. R. Kramer, “Histological diagnosis of
interstitial lung diseases by cryo-transbronchial biopsy,”
Respirology, vol. 19, no. 5, pp. 683-688, 2014.

[17] V. Pajares, C. Puzo, D. Castillo et al., “Diagnostic yield of
transbronchial cryobiopsy in interstitial lung disease: a ran-
domized trial,” Respirology, vol. 19, no. 6, pp. 900-906, 2014.

[18] M. Schuhmann, K. Bostanci, A. Bugalho et al., “Endobron-
chial ultrasound-guided cryobiopsies in peripheral pulmo-
nary lesions: a feasibility study,” European Respiratory
Journal, vol. 43, no. 1, pp. 233-239, 2014.

[19] R. Thomas, S. Karunarathne, B. Jennings et al., “Pleuroscopic
cryoprobe biopsies of the pleura: a feasibility and safety
study,” Respirology, vol. 20, no. 2, pp. 327-332, 2015.

[20] A. Rozman, L. Camlek, M. Marc Malovrh, I. Kern, and
N. Schonfeld, “Feasibility and safety of parietal pleural cry-
obiopsy during semi-rigid thoracoscopy,” Clinical Respiratory
Journal, vol. 10, no. 5, pp. 574-578, 2015.

[21] V. N. Maturu, I. S. Sehgal, S. Dhooria et al., “Pleuroscopic
cryobiopsy: case series and systematic review,” Journal of
Bronchology and Interventional Pulmonology, vol. 22, no. 3,
pp. ell-el3, 2015.

[22] F. Rodriguez-Panadero, “Medical thoracoscopy,” Respiration,
vol. 76, no. 4, pp. 363-372, 2008.

[23] M. A. Khan, S. Ambalavanan, D. Thomson, J. Miles, and
M. Munavvar, “A comparison of the diagnostic yield of rigid
and semirigid thoracoscopes,” Journal of Bronchology and
Interventional Pulmonology, vol. 19, no. 2, pp. 98-101, 2012.

[24] H. E. Davies, J. E. Nicholson, N. M. Rahman, E. M. Wilkinson,
R. J. Davies, and Y. C. Lee, “Outcome of patients with



(25]

[26]

(27]

(28]

[29]

(30]

(32]

(33]

(34]

nonspecific pleuritis/fibrosis on thoracoscopic pleural bi-
opsies,” European Journal of Cardio-Thoracic Surgery, vol. 38,
no. 4, pp. 472-477, 2010.

J. S. Ferrer, X. G. Munoz, R. M. Orriols, R. W. Light, and
F. B. Morell, “Evolution of idiopathic pleural effusion:
a prospective, long-term follow-up study,” Chest, vol. 109,
no. 6, pp. 1508-1513, 1996.

J. P. Janssen, S. Ramlal, and M. Mravunac, “The long-term
follow up of exudative pleural effusion after nondiagnostic
thoracoscopy,” Journal of Bronchology, vol. 11, no. 3,
pp. 169-174, 2004.

M. Tiseo, G. Rossi, M. Capelletti et al., “Predictors of gefitinib
outcomes in advanced non-small cell lung cancer (NSCLC):
study of a comprehensive panel of molecular markers,” Lung
Cancer, vol. 67, no. 3, pp. 355-360, 2010.

J. Hetzel, M. Hetzel, C. Hasel, P. Moeller, and A. Babiak, “Old
meets modern: the use of traditional cryoprobes in the age of
molecular biology,” Respiration, vol. 76, no. 2, pp. 193-197,
2008.

L. Yarmus, J. Akulian, C. Gilbert et al., “Cryoprobe trans-
bronchial lung biopsy in patients after lung transplantation:
a pilot safety study,” Chest, vol. 143, no. 3, pp. 621-626, 2013.
J. Hetzel, R. Eberhardt, F. J. Herth et al., “Cryobiopsy increases
the diagnostic yield of endobronchial biopsy: a multicentre
trial,” European Respiratory Journal, vol. 39, no. 3, pp. 685-
690, 2012.

C. Schumann, J. Hetzel, A. J. Babiak et al., “Cryoprobe biopsy
increases the diagnostic yield in endobronchial tumor le-
sions,” Journal of Thoracic and Cardiovascular Surgery,
vol. 140, no. 2, pp. 417-421, 2010.

K.J. Franke, M. Szyrach, G. Nilius et al., “Experimental study
on biopsy sampling using new flexible cryoprobes: influence
of activation time, probe size, tissue consistency, and contact
pressure of the probe on the size of the biopsy specimen,”
Lung, vol. 187, no. 4, pp. 253-259, 2009.

C. H. Chen, W. H. Cheng, B. R. Wu et al., “Feasibility and
safety of pleuroscopic cryobiopsy of the pleura: a prospective
study,” in Proceedings of the 2017 European Respiratory Society
International Congress, Milan, Italy, September 2017.

C. H. Chen, W. H. Cheng, B. R. Wu et al., “Feasibility and
safety of pleuroscopic cryobiopsy of the pleura: a prospective
study,” in Proceedings of the 40th Annual Meeting of the Japan
Society for Respiratory Endoscopy, Nagasaki, Japan, June 2017.

Canadian Respiratory Journal



