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opsies regarding the mean quality scores of parenchyma-
pleura (p = 0.36), vessels (p = 0.36), or bronchial tissue (p = 
0.20).  Conclusion:  Both subpleural biopsies obtained during 
pleuroscopy and deep lung biopsy specimens obtained by 
electrocautery in animal subjects provided satisfactory ma-
terial for histologic examination. Therefore, in DPLD, where 
the subpleural layers are involved, subpleural biopsies ob-
tained during pleuroscopy might be sufficient for establish-
ing an accurate diagnosis.  Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Pleuroscopy, performed by pulmonologists, under lo-
cal anesthesia or conscious sedation, is currently the gold 
standard for investigating diseases of the pleura  [1, 2] . 
Pleural biopsies obtained during pleuroscopy have a 
greater diagnostic yield than closed pleural biopsies, par-
ticularly in case of malignant pleural effusions, inasmuch 
as they enable direct detection of abnormalities of the pa-
rietal pleura, thus decreasing the risk of sampling errors. 
In addition, such biopsies allow one to take larger samples, 
thus improving the diagnostic yield  [2] . Medical thoracos-
copy has been used to obtain lung biopsies for the diagno-
sis of lung diseases with a reported diagnostic accuracy of 

    Key Words 

 Thoracoscopy  �  Pleuroscopy  �  Lung biopsy  �  Animal   

Abstract 

  Background:  Lung biopsies obtained during medical pleu-
roscopy using coagulating forceps could represent a cost-
effective alternative to surgical lung biopsies in patients with 
diffuse parenchymal lung diseases (DPLD). However, it is not 
clear whether these patients should undergo deeplung bi-
opsies rather than more superficial subpleural lung biopsies. 
 Objectives:  The aim of this experimental animal study was 
to compare gross and microscopic features of deep and sub-
pleural pleuroscopic lung biopsy samples.  Methods:  Six 
male sheep (median weight 40 kg) underwent lung biopsies 
via pleuroscopy under general anesthesia. The following pa-
rameters were studied: weight, size, quality of the parenchy-
ma and visceral pleura, parenchymal vessels and bronchial 
tissue.  Results:  The mean number of biopsies taken per ani-
mal was 4.5  8  1.22 and 4.83  8  1.33 (p = 0.36) for deep and 
subpleural biopsies, respectively. The mean size of deep and 
subpleural biopsies was 1.758  8  0.478 and 1.283  8  0.851 
cm 2 , respectively (p = 0.0006). The mean weight of deep bi-
opsies and subpleural biopsies was 0.156  8  0.092 and 0.145 
 8  0.047 mg, respectively (p = 0.83). No statistically signifi-
cant difference was found between subpleural and deep bi-
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75–93%. Yet the technique is not routinely used and few 
studies have been published in the literature  [3, 4] .

  Surgical lung biopsies (usually via video-assisted tho-
racoscopic surgery, VATS), performed under general an-
esthesia, remain the standard of care for the definitive 
diagnosis of parenchymal lesions, especially in patients 
with diffuse parenchymal lung disease (DPLD), when a 
combination of clinical, radiologic and bronchoscopic 
methods fails to provide a clear diagnosis. Lung biopsies 
obtained via VATS are virtually identical to those ob-
tained by thoracotomy  [5] . However, multiple incisions, 
costly single-use instruments and general anesthesia 
with single-lung ventilation are required. Moreover, a 
conversion from thoracoscopy to mini-thoracotomy is 
not uncommon because of technical difficulties (deep 
lung biopsies) and/or complications such as prolonged air 
leak and/or bronchopleural fistula in case of deep lung 
biopsies  [6] . While surgical lung biopsies are still recom-
mended for the definitive diagnosis of DPLD of unclear 
etiology, particularly when a diagnosis of idiopathic pul-
monary fibrosis is entertained, the risks are substantial 
 [7, 8] . Potential contributing factors include risks of vol-
ume-induced injury during single-lung ventilation, aspi-
ration in the perioperative period and postoperative com-
plications (atelectasis or nosocomial pneumonia)  [9]  
Thus, surgical lung biopsies, even via VATS in ambula-
tory patients, are not an entirely benign procedure  [10] . 
Furthermore, it seems that the site, size and laterality of 
surgical lung biopsies in patients with DPLD may not 
have a definite influence on the diagnosis as long as sev-
eral lobes are sampled  [11] . 

  Consequently, it is possible that lung biopsies obtained 
during pleuroscopy, under conscious sedation with a 
spontaneously breathing patient, may avoid some of the 
complications observed with surgical techniques, and 
prove a cost-effective and safe strategy in the diagnostic 
management of patients with DPLD  [12] . The depth of 
lung biopsies obtained via coagulation forceps during 
pleuroscopy needed to provide adequate sampling of the 
lung parenchyma has not been studied.

  In this animal study, we aimed to assess the quality of 
biopsies obtained during medical pleuroscopy by com-
paring gross and microscopic features of deep lung biop-
sies versus more superficial, subpleural lung biopsies.

  Methods 

 Animals 
 This study was conducted at the Learning Resource Center, 

Faculty of Medicine, Cairo University (Egypt), after approval by 

the Animal Ethics Committee of the National Research Center 
and the institutional review board. Pleuroscopy was performed in 
6 male sheep with a median weight of 40 kg (range 35–45). The 
sheep fasted for 24 h before the procedure. The ear was shaved for 
intravenous access. Sedation was given by intramuscular injec-
tion of ketamine 5 mg/kg and atropine 0.02 mg/kg  [13] . Fifteen 
minutes after the injection, the sheep were brought to the operat-
ing room where intravenous access was established by a 22-gauge 
intravenous cannula in one of the superficial veins of the ear. In-
travenous infusion of 0.9% sodium chloride or lactated Ringer 
was started. All animals were under cardiorespiratory monitor-
ing. Anesthesia was induced by intravenous sodium thiopental 
2–4 mg/kg (sleep dose) and atracurium 0.5 mg/kg was adminis-
tered  [14] . The animals were ventilated with isoflurane 1.5% in 
100% oxygen for 3 min then using the straight blade laryngoscope 
size 4 (Miller blade size 4), a cuffed endotracheal tube (internal 
diameter 8.5 mm) was inserted. Placement of the tube was con-
firmed by auscultation, capnography and fiberoptic bronchosco-
py. The animal was connected to a ventilator with controlled me-
chanical ventilation: respiratory rate 16/min, tidal volume 10 ml/
kg, I:E ratio 1:   2 and peak airway pressure was kept under 30
mm Hg.

  After the end of the procedure, the animals were sacrificed us-
ing 2 ampoules of potassium chloride (KCl) injected intravenous-
ly, and cessation of heart beats was confirmed. 

  Pleuroscopic Procedure in Animals 
 The tidal volume was reduced to 6 ml/kg to enable the pulmo-

nologists to perform the procedure. A pneumothorax was in-
duced by the introduction of about 200 ml of air into the pleural 
space through a smooth-ended pleural needle under pleural pres-
sure control. After local anesthesia with 2% lidocaine, a 10-mm 
incision in the 4th or 5th intercostal space on the mid-axillary line 
was made. After blunt dissection of the intercostal space, a 7-mm 
trocar (Karl Storz, Germany) was inserted. The pleural cavity was 
explored using a 6-mm telescope (Karl Storz) and the appearance 
of the lung surface carefully inspected. Cup biopsy forceps (Karl 
Storz) were passed through a second 5-mm insulated trocar (Karl 
Storz). The cup biopsy forceps were dipped into the lung paren-
chyma in an open position, then they were closed and a lung sam-
ple was taken while applying short pulses of diathermy coagula-
tion. Five deep biopsies (with the forceps cup completely dipped 
into the lung parenchyma) and another 5 more superficial sub-
pleural ones were taken from each sheep. A subpleural biopsy was 
defined as a biopsy with only half of the forceps cup dipped into 
the lung parenchyma.

  The biopsies were immediately fixed in 10% formalin. Overall, 
10 lung biopsies (5 subpleural and 5 deep biopsies) were obtained 
from each animal 

  Histopathology 
 Subpleural and deep biopsies were weighed and subjected to 

detailed gross examination. The specimens were then embedded 
in paraffin blocks. Four-micrometer-thick sections (2 sections 
from each specimen) were cut from each specimen with a micro-
tome. One was stained with hematoxylin and eosin and the other 
with Masson trichrome. Sections were examined by an indepen-
dent pathologist under a light microscope to identify and compare 
histological features between the two biopsies; the pathologist was 
blinded to the biopsy procedure. 

D
ow

nl
oa

de
d 

by
: S

. B
ila

ce
ro

gl
u 

- 
34

70
1

17
8.

24
5.

22
2.

18
9 

- 
8/

9/
20

13
 3

:1
4:

55
 P

M



  Pleuroscopic Lung Biopsy  Respiration 2012;84:423–428 425

  The following parameters were studied in both groups (deep 
lung and subpleural biopsies): number of specimens taken, weight 
and size of the specimen, quality of parenchyma, visceral pleura, 
parenchymal vessels and bronchial tissue. The quality of the bi-
opsy for each qualitative parameter was scored according to the 
following scale  [3] : 0 = no finding, 1 = poor quality, 2 = average 
quality, 3 = good quality, 4 = excellent quality. The total score for 
each parameter studied for an animal was then calculated; this 
score was divided by the number of biopsies to obtain the average 
score. 

  Statistical Analysis 
 Statistics were performed using StatView software. Student’s t 

test was used to compare differences between means of the stud-
ied parameters. The differences were considered significant for
p  !  0.05 (two-tailed).

  Results 

 A total of 54 lung biopsies were obtained from 6 ani-
mals: 27 deep and 27 subpleural lung biopsies. No signifi-
cant bleeding at the site of biopsy was noted in any animal 
for either technique. The mean number of biopsies taken 
per animal was 4.5  8  1.22 and 4.83  8  1.33 for deep and 
subpleural lung biopsies, respectively; the difference is not 
statistically significant (p = 0.36). At least one representa-
tive section was analyzed from each bi opsy.

  Histopathology 
 Biopsy Size and Weight 
 The size of deep biopsies ranged from 1.12 to 2.88 cm 2  

while that of subpleural biopsies ranged from 0.28 to 2.7 
cm 2 . The mean size was 1.758  8  0.478 and 1.283  8  0.851 
cm 2  for deep and subpleural biopsies, respectively. This 

difference is statistically significant (p  !  0.001). The 
weight of deep biopsies ranged from 0.09 to 0.34 mg while 
that of subpleural biopsies ranged from 0.09 to 0.2 mg. 
The mean weight for deep biopsies was 0.156  8  0.092 mg 
and that of subpleural biopsies was 0.145  8  0.047 mg. 
This difference is not statistically significant (p = 0.83). 

  Qualitative Results 
 The scores of histopathological qualitative parameters 

(parenchyma, pleura, vessels and bronchial tissue) are 
shown in  table 1 . The mean quality scores for parenchy-
ma-pleura (p = 0.36), vessel (p = 0.36), or bronchial tissue 
(p = 0.20) did not statistically significantly differ between 
subpleural and deep biopsies. No significant artifacts 
were seen in both deep or subpleural biopsies. Small, focal 
areas of crush and thermal artifacts identified on the pe-
rimeter of some forceps biopsy specimens did not affect 
the overall histological interpretability. Low-magnifica-
tion views of subpleural and deep biopsies are shown in 
 figures 1 a, b and  2 a, b, respectively.

  Discussion 

 Biopsies using coagulating forceps, allowing the pul-
monologist to obtain at once lung biopsy samples and ad-
equate lung hemostasis and aerostasis, were performed in 
sheep. Our experimental series showed that subpleural 
biopsies presented the same histological characteristics as 
deep lung biopsies. Although we did not attempt to ad-
dress the technical difficulties or potential complications 
of either technique, no significant bleeding was noted 

Table 1.  Results of the pathologic examination of all deep and subpleural biopsies

Sheep Deep biopsies S ubpleural biopsies

n weight
mg

size
cm2

quality of
parenchy-
ma-pleura

quality
of
vessels

quality of
bronchial
tissue

n weight
m g

size 
cm2

quality of
parenchy-
ma-pleura

quality
of
vessels 

quality of 
bronchial 
tissue

1 4 0.1 0.75 2 3 3 3 0.2 0.28 3 2 3
2 4 0.34 2 4 2 3 5 0.1 1.5 4 2 2
3 7 0.14 2.88 4 2 2 7 0.13 2.7 4 2 3
4 4 0.12 1.12 4 2 3 5 0.15 0.54 4 2 2
5 4 0.09 2 4 2 3 4 0.2 1.4 4 2 2
6 4 0.15 1.8 4 2 3 5 0.09 1.28 4 2 2
Mean 4.5 0.156 1.758* 3.66 2.16 2.83 4.83 0.145 1.283* 3.83 2 2.33
SD 1.22 0.0926 0.748 0.816 0.408 0.408 1.33 0.047 0.851 0.408 0 0.471

* p  = 0.0006.
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and lung biopsy artifacts due to electrocautery were ac-
ceptable with both techniques. 

  Despite encouraging results published in the litera-
ture, reporting a high diagnostic yield of thoracoscopy in 
patients with diffuse lung disease using electrocautery 
lung biopsy  [3, 15] , most pulmonologists do not use this 
technique in the diagnostic workup of DPLD. Further-
more, experimental studies showed that multiple small 
(less than 5 mm) electrocautery lung biopsies were of 
comparable quality compared with single-wedge biopsy 
specimens obtained by endoscopic sampling  [16] . How-
ever, many pulmonologists probably still fear the use (and 
the complications) of pleuroscopy in the diagnosis of lung 
parenchyma lesions while many pathologists still have to 
become acquainted with the smaller amount of tissue 
compared with the larger surgical samples  [3] . Our study 
suggests that subpleural lung biopsies obtained with co-
agulation forceps during medical thoracoscopy are fea-
sible and may provide adequate sampling of the lung pa-
renchyma. While this technique clearly has no role in the 
assessment of deep or peripheral localized lesions, sub-
pleural lung biopsies obtained during pleuroscopy may 
prove a valuable alternative to surgical lung biopsies in 
the diagnostic management of DPLD  [15] .

  In about 70% of the cases, an accurate diagnosis of 
DPLD is established on the basis of a consistent clinical 
history, suggestive high-resolution chest computed to-

mography (HRCT) images  [17, 18]  and, occasionally, by 
supportive information provided by bronchoalveolar la-
vage, transbronchial biopsy  [19, 20]  or transbronchial 
needle aspiration in case of mediastinal adenopathies 
 [18] . This approach is usually sufficient in patients with 
pulmonary parenchymal infection, lung fibrosis, sar-
coidosis, lymphangitis carcinomatosa, hypersensitivity 
pneumonitis, amyloidosis, Langerhans cell histiocyto-
sis, eosinophilic pneumonia, alveolar proteinosis, or 
lymphangioleiomyomatosis. Lung tissue is still required 
for the diagnosis of DPLD in approximately 30% of pa-
tients who do not have a clearly defined environmental 
exposure or obvious systemic illness with lung manifes-
tations. The decision to perform a lung biopsy in these 
patients is based on the likelihood that the pathologic ex-
amination of the tissue obtained will yield specific infor-
mation about the cause of the disease process and that 
this information can be used to alter the patient’s treat-
ment  [21] . The diagnostic accuracy of specimens for 
DPLD depends on the distribution pattern of the intersti-
tial disease, the lobular compartment involved and the 
histological features of the disease  [22, 23] . It is well 
known that DPLD does not have a uniform spread 
throughout the whole lung  [21] . Pleuroscopy gives the 
unique opportunity to inspect the whole lung, choose the 
biopsy areas carefully and take biopsies from several 
lobes. However, in patients with fibrotic lungs, biopsies 

a b

  Fig. 1.   a  Superficial thoracoscopic biopsy 
showing a wide background of pulmonary 
tissue, bronchiolar tissue (right arrow) and 
blood vessels (two left arrows). Hematoxy-
lin and eosin.  ! 100.  b  Superficial thoraco-
scopic biopsy showing a wide background 
of pulmonary tissue (upper right arrow), 
bronchiolar tissue (lower right arrow) and 
blood vessels (left arrow). Masson tri-
chrome.  ! 100. 
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taken from areas with honeycombing are seldom infor-
mative, as the findings might be common to a variety of 
lung parenchyma disorders, irrespective of underlying 
etiology  [24] . At the same time, biopsying fibrotic areas 
might expose the patient to prolonged air leak with sig-
nificant impact on the hospital stay due to prolonged 
drainage  [21, 24] . Besides, given the high diagnostic ac-
curacy of HRCT in the recognition of fibrotic patterns, 
especially usual interstitial pneumonia (UIP), a lung bi-
opsy is not necessary for diagnosis  [17, 19, 20, 25] . Also, 
in a clinical context in which the diagnosis of UIP can be 
obtained as a dynamic process that includes an integrated 
clinical, radiological and pathologic approach, a reliable 
diagnosis of UIP can be obtained based on a typical def-
inite HRCT with no risk of including patients with a more 
benign disease and a longer survival  [26] .

  Adequate samples of pleural tissue, interlobular septa 
and alveolated parenchyma were obtained in all subpleu-
ral biopsies in our study. DPLD with preferential localiza-
tion to peripheral areas of the lung can be adequately 
sampled by this technique. These diseases are character-
ized by widespread involvement particularly of the alveo-
lar compartment  [22, 23] . In the same spectrum of ‘idio-
pathic’ interstitial lung diseases, cryptogenic organizing 
pneumonia may also be diagnosed since the amount of 
bronchial tissue in our subpleural biopsies was sufficient 
 [27] . The existence of polypoid proliferation, involving 

both the bronchioles and alveolar ducts (organizing 
pneumonia), is characteristic of organizing pneumonia 
 [27] , which might also be present in other ‘idiopathic’ en-
tities such as nonspecific interstitial pneumonia  [22] . In 
patients with interstitial lung disease, Vansteenkiste et al. 
 [3]  performed medical thoracoscopy in 24 patients to 
evaluate the quality of parenchymal biopsies using neu-
roleptic anesthesia with spontaneous ventilation. The au-
thors reported very good results in the 118 specimens tak-
en from their patients, with a mean number of biopsies of 
6.5 per patient (ranging from 3 to 10), and a good quality 
of the biopsies in 78% of the samples. With respect to the 
classification of interstitial lung diseases available at the 
time, they were able to differentiate patients having cryp-
togenic organizing pneumonia (1 patient), UIP (5 pa-
tients), desquamative interstitial pneumonia (2 patients), 
and lymphocytic interstitial pneumonia (2 patients)  [3] .

  In our study, histological examination revealed that 
vessels were sufficiently present in subpleural specimens. 
It has previously been reported that suspected pulmo-
nary vasculitis or other pulmonary vascular disorders are 
poor indications for medical thoracoscopic lung biopsy 
as its diagnostic yield is poor  [3, 4] . In agreement with 
other authors  [3] , our study suggests that this technique 
could still be considered in the case of suspected vascular 
pathology, especially if there are lesions in the smaller 
pulmonary arterioles  . Furthermore, the significant pres-

a b

  Fig. 2.   a  Deep thoracoscopic biopsy show-
ing a background of pulmonary tissue, 
scattered bronchiolar tissue (white arrows) 
and blood vessels (black arrow). Hematox-
ylin and eosin.  ! 100.  b  Deep thoracoscop-
ic biopsy showing a background of pulmo-
nary tissue, mostly compressed lung alve-
oli at the top, a large amount of bronchiolar 
tissue (white arrows) and blood vessels 
(black arrows). Masson trichrome.  ! 100. 
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observed in the disease, which has been reported to be 
present in patients with idiopathic pulmonary fibrosis by 
CD34– immunostaining  [22, 28] .

  In conclusion, subpleural biopsies by the pleuroscopic 
route provided satisfactory material for histologic exam-
ination and the quality of those biopsies was similar to 

that of deep lung biopsy specimens obtained by electro-
cautery in animal subjects. Therefore, in DPLD, where 
the subpleural layers are involved, this method might be 
conducive to an accurate diagnosis. The present study 
could form the basis of further clinical studies specifi-
cally addressing the role of lung biopsies obtained via 
medical pleuroscopy in DPLD.
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