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spectively. There was no difference in the size of biopsies 
collected (2.10  8  1.10 vs. 1.83  8  0.94 mm; p = 0.164) or in 
the amount of alveoli per sample (343.2  8  402.4 vs. 439.5 
 8  463.5 alveoli; p = 0.433) for hot and conventional forceps, 
respectively. There was no artifact related to the use of elec-
trocautery, and bleeding was minimal using either forceps 
system.  Conclusions:  The use of the electrocautery hot for-
ceps for TBLB did not result in improvement of the size of 
biopsies or the amount of collected alveolar tissue in healthy 
pigs.  Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Flexible bronchoscopy with transbronchial lung bi-
opsy (TBLB) is a commonly used technique in pulmo-
nary medicine for the diagnosis of a wide variety of dis-
eases. However, one of the limiting features of this tech-
nique is the small sample obtained using conventional 
forceps  [1] . Previous studies have suggested that larger 
forceps may improve diagnostic yield; however, as for-
ceps become larger, there is greater concern about the 
development of complications, particularly bleeding  [2–
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 Abstract 

  Background:  Transbronchial lung biopsy (TBLB) is a com-
monly performed bronchoscopic procedure. Previous stud-
ies have suggested that larger biopsy forceps may improve 
diagnostic yield; however, the risk of bleeding associated 
with larger samples may be increased. The hot forceps are 
large forceps that are connected to an electrocautery sys-
tem to minimize bleeding at the time of biopsy.  Objectives:  
We evaluated the hot forceps for improvement in biopsy 
size and the number of sampled alveoli.  Methods:  TBLBs 
were performed in 2 swine using one type of the forceps, 
followed by the other forceps 24 h later. Electrocautery was 
applied from closure of the forceps to retrieval of the sam-
ple. A blinded pathologist measured the size of each sample 
in its longest dimension and calculated the total alveolar 
content within the largest cross-section from each biopsy. 
 Results:  A total of 74 biopsies were collected using each for-
ceps type. Alveolar tissue was present in 25/74 and 26/74 of 
the biopsies using the hot and conventional forceps, re-
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4] . In recent years, larger forceps connected to an elec-
trocautery system, named the ‘hot forceps’, were de-
signed for use with flexible bronchoscopy. With these 
forceps, heat energy is delivered after grasping the tissue 
to promote coagulation and reduce bleeding at the time 
of tissue collection. A recent study evaluated these hot 
forceps for biopsies of endobronchial lesions and showed 
no difference in diagnostic yield and a small improve-
ment in bleeding compared with conventional forceps 
 [5] . No data are available regarding the use of these for-
ceps for TBLBs. The objective of our study is to evaluate 
the hot forceps for improvement in the size of biopsies or 
the amount of collected alveolar tissue per sample.

  Methods 

 Study Design 
 This investigation was designed as a cross-over blinded study. 

The pathologist assessing the histological biopsy samples was 
blinded to the type of forceps used during the experiment. The 
main outcome was the quantity of lung tissue, macroscopically 
and microscopically, obtained with TBLB.

  Animals 
 The experiment protocol was approved by the Duke Univer-

sity Institutional Animal Care and Use Committee. The experi-
ment was conducted in accordance with the National Research 
Council guidelines. Yorkshire swine were used for the study due 
to similarity of lung anatomy and mucosal and tissue character-
istics to those of humans  [6] . Additionally, pig models have been 
used previously in bronchoscopy research on airway stenosis, ma-
lacia, airway stents and TBLB  [7–10] .

  Animals were procured for medical purposes and were free of 
lung diseases. They were housed in the animal facility at Duke 
University and were quarantined for 48 h prior to study entry.

  Description of Procedure 
 The procedure was performed after an overnight fast. Swine 

were sedated with acepromazine 1.1 mg/kg intramuscularly and 
ketamine 22 mg/kg intramuscularly followed by insertion of an 
intravenous catheter into an ear vein. Propofol 6 mg/kg intrave-
nously was then administered to achieve deeper sedation. Ani-
mals were endotracheally intubated and ventilated using a Respi-
ronics Esprit ventilator (Respironics, Murraysville, Pa., USA) set 
to deliver a tidal volume of 8 ml/kg and an O 2  saturation of  1 95%. 
Blood pressure, O 2  saturation and electrocardiogram tracing 
were monitored continuously throughout the procedure. The 
swine were sacrificed after the biopsies were completed.

  Two animals, of equal size and weight, were enrolled in the 
study. One animal underwent TBLB with the standard forceps 
followed by the hot forceps 24 h later, while the other animal un-
derwent the procedure in the opposite order.

  All procedures were performed using a Pentax bronchoscope 
(Pentax, Inc., Montvale, N.J., USA) dedicated for animal use.

  The conventional forceps cups (Conmed Corporation, Utica, 
N.Y., USA) were 1.8 mm wide (diameter A) and 2 mm long (diam-

eter C), with a total cup capacity of 3 mm 3  ( fig. 1 ,  2 ). The hot for-
ceps cups (Olympus, Inc., Center Valley, Pa., USA) were 2.2 mm 
wide (diameter A) and 2.6 mm long (diameter C), with a total cup 
capacity of 5.1 mm 3 .

  The bronchoscope was introduced via the endotracheal tube. 
The right caudal lobe was identified by visual inspection and the 
tip of the bronchoscope was placed in the wedge position. TBLBs 
were performed under fluoroscopic guidance using conventional 
or hot forceps. The conventional forceps were advanced under 
fluoroscopy to a peripheral region of the lung, opened, closed and 
retracted obtaining a tissue sample; the hot forceps were em-
ployed in a similar fashion to the conventional forceps with the 
exception that, after grasping the tissue with the forceps, electro-
cautery was activated for approximately 5 s prior to pulling the 
sample from the surrounding lung tissue. The electrocautery gen-
erator (Olympus, Inc., Center Valley, Pa., USA) was set to 40 W 
for each biopsy. Samples were placed in formalin and processed 
for histology per standard hospital protocol. Bleeding was as-
sessed as none, mild, moderate or severe after each pass of the 
biopsy forceps. This was adopted from prior clinical studies and 
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  Fig. 1.  Various dimensions (diameters A–C) for forceps cups.  

  Fig. 2.  Conventional (left) and hot electrocautery forceps (right). 
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defines bleeding as follows: no bleeding = presence of only traces 
of blood after finishing the biopsies with no need for continued 
suctioning; mild bleeding = need for continued suctioning of 
blood from the airways after the procedure; moderate bleed -
ing = need for intubation of the biopsied segment with the flexible 
bronchoscope into the wedge position; severe bleeding = need for 
additional interventions, such as placing a temporary bronchus 
blocker, or intubation of the main stem bronchus on the bleeding 
side  [11] .

  Histology 
 All samples were cut in 6- � m sections and stained with hema-

toxylin and eosin. A blinded pathologist (T.A.S.) examined all 
samples and measured each biopsy in the longest dimension. The 
areas of the biopsies containing alveolar tissue were identified
and measured with an ocular micrometer, deriving an overall 
area of alveolar tissue (in mm 2 ) for each biopsy. Examination of 
specimens at scanning magnification indicated a mean alveolar 
content of 61 alveoli/mm 2 . Alveoli were defined as sacs or alveoli 
proper bounded on at least 3 sides by septa. The alveolar content 
of each specimen was then determined as a function of mean al-
veolar content for the specimens in aggregate  !  area of alveo-
lated tissue per biopsy. Each sample was assessed for artifact re-
lated to electrocautery application, which was noted as present or 
absent.

  Statistics 
 All values are reported as means  8  SD. The two-tailed t test 

was performed for comparisons between groups using the Statis-
tics Toolbox for Matlab version 7.2 service pack 5 (Mathworks, 
Natick, Mass., USA). Differences were considered to be signifi-
cant at a p value of  ! 0.05.

  Results 

 A total of 74 biopsies were collected using the different 
forceps types. Alveolar tissue was present in 25/74 and 
26/74 of the biopsies obtained using the hot and conven-
tional forceps, respectively. There was no difference in 
the size of biopsies collected (2.10  8  1.10 vs. 1.83  8  0.94 
mm; p = 0.164) or the amount of alveoli per sample (343.2 
 8  402.4 vs. 439.5  8  463.5 alveoli; p = 0.433) for electro-
cautery and conventional forceps, respectively. There was 
no artifact related to the use of electrocautery, and bleed-
ing was minimal using either forceps type.

  Discussion 

 TBLB is a safe and effective method of diagnosing a 
variety of pulmonary conditions including infections, se-
lected interstitial lung diseases, malignant neoplasms 
and lung transplant rejection  [12] . Larger sample size is 
thought to have a greater diagnostic yield, although the 

use of larger forceps intuitively should lead to higher rates 
of significant bleeding and pneumothorax  [3] . The abil-
ity to safely obtain a large lung tissue sample via TBLB 
would be a major advancement in the diagnosis of pul-
monary diseases, particularly in interstitial lung disease, 
and would obviate the need to subject patients to surgical 
lung biopsy. A study by Babiak et al.  [13]  demonstrated 
the ability to obtain large lung tissue samples via TBLB 
using a cryoprobe with minimal side effects. Our study 
attempted to reach the same goal by using electrocautery-
enabled large forceps to improve lung tissue sample size 
without increasing the risk.

  We were unable to demonstrate a difference in bi-
opsy size or alveolar content related to the use of the hot 
forceps. There are several possibilities as to why there 
was no discernable difference between the 2 forceps 
types: (1) the sampling area was limited to a specific re-
gion of the lung which may have resulted in anatomic 
structures limiting the opening of the forceps cups and 
restricting the sampling size; (2) swine, although thought 
to be a good model of human airways, may have differ-
ences in pulmonary anatomy which make them less 
amenable to TBLB, which is demonstrated by the low 
percentage of TBLB samples that had alveolar tissue, or 
(3) the variability in sample size is greater than any small 
improvement in sample size related to larger forceps, 
and a much larger study is needed to show the differ-
ence.

  Significant bleeding is thought to occur in 1.9–8% of 
transbronchial biopsies due to the injury of a pulmonary 
arteriole by the biopsy forceps  [14, 15] . The theoretical 
advantage of the hot forceps is the reduction in bleeding 
complications related to the use of the electrocautery at 
the time of tissue sampling. In fact, a recent study using 
hot forceps for endobronchial biopsy of malignant le-
sions demonstrated a reduced, although clinically insig-
nificant, reduction in bleeding  [4] . We had no significant 
bleeding associated with the use of either forceps type. It 
is noteworthy that swine may not represent a good mod-
el for investigating bleeding related to TBLB. Previous 
studies investigating the association of bleeding with the 
use of clopidogrel and TBLB in swine showed no in-
creased risk of bleeding, while subsequent studies in hu-
mans have established significantly more bleeding in pa-
tients taking clopidogrel at the time of TBLB  [10, 11]. 

  Although our study findings are negative, we believe 
that it is important to share these results with the scien-
tific community in order to advance the research of 
TBLB.
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  In conclusion, we have compared the use of conven-
tional pulmonary forceps with larger electrocautery-en-
abled hot forceps for TBLB in swine. We found no im-
provement in sample size or size of alveolar tissue per 
sample when using the hot forceps. Further studies are 
needed to verify this finding in humans.
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