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* Well written the authors involved.
* Institution and unit involve clearly written.

* Single center study



ABSTRACT




Clearly written aim

Purpose: 'To compare the effect of autologous blood patch injection (ABPI) with that of a hydrogel plug on the rate of pneumotho-
rax at CT-guided percutaneous lung biopsy.

Materials and Methods: In this prospective randomized controlled trial (h#£ps://ClinicalTrials.gov, NCT02224924), a noninferiority
design was used for ABPI, with a 10% noninferiority margin when compared with the hydrogel plug, with the primary outcome of
pneumothorax rate within 2 hours of biopsy. A type I error rate of 0.05 and 90% power were specified with a target study popula-
tion of 552 participants (276 in each arm). From October 2014 to February 2017, all potential study participants referred for CT-
guided lung biopsy (7 = 2052) were assessed for enrollment.

Study design, method, duration, tools, samples : clearly
stated




Results were concisely concluded — measured
variables with statistical analysis and significance

Results: 'The data safety monitoring board recommended the trial be closed to accrual after an interim analysis met prespecified
criteria for early stopping based on noninferiority. The final study group consisted of 453 participants who were randomly assigned
to the ABPI (# = 226) or hydrogel plug (7 = 227) arms. Of these, 407 underwent lung biopsy. Pneumothorax rates within 2 hours
of biopsy were 21% (42 of 199) and 29% (60 of 208); chest tube rates were 9% (18 of 199) and 13% (27 of 208); and delayed
pneumothorax rates within 2 weeks after biopsy were 1.4% (three of 199) and 1.5% (three of 208) in the ABPI and hydrogel plug

arms, respectively.
Condusion: Autologous blood patch injection is noninferior to a hydrogel plug regarding the rate of pneumothorax after CT-guided

percutaneous lung biopsy.

Precise conclusion

Keywords not provided.



INTRODUCTION




ercutancous image-guided needle biopsy of the lung is a

well-established and accurate method used to diagnose
pulmonary lesions with 93%-95% diagnostic accuracy
(1-3). The demand for lung biopsy is increasing, given the
increasing rates of lung cancer, the higher detection rate of
asymptomatic lung nodules, and the demand for tissue for
new molecular profiling and genomic analysis (4).

The most common complication of percutaneous lung
biopsy is pneumothorax. Most series report incidences of
20%-25% for pneumothorax and 4%—8% for chest tube
placement, although rates as high as 47% and 22%, respec-
tively, have been reported (5-19). The economic burden
of a complicated lung biopsy is substantial, with increased
costs of 300%—400% (20,21). There is great interest in re-
ducing the occurrence of iatrogenic pneumothorax, which
should translate into a lower rate of chest tube placement
and subsequent hospital admission.

Pneumothorax is caused by air leaking out of the
lung through the needle puncture site at the visceral

pleura once the needle is removed (22,23). Several
studies have shown that sealing the pleural puncture
site with a variety of materials, including autologous
blood, hydrogel plug, fibrin glue, gelatin sponge slurry
or plug, or saline, reduces the risk of pneumothorax and
chest tube placement (9-19). Two of the best-studied
sealants are autologous blood patch injection (ABPI)
and a manufactured hydrogel plug called BioSentry,
which was formerly known as Bio-Seal (Surgical
Specialties, Wyoming, Pa), with proven efficacy based
on prospective randomized studies (13,14). ABPI uses
the participant’s own blood to seal the biopsy track.
The hydrogel plug expands on contact with moisture
and seals the biopsy track.

We hypothesized that ABPI is noninferior to a hydrogel
plug regarding the rate of iatrogenic pneumothorax in
CT-guided needle biopsy of the lung. We conducted a
prospective single-center randomized controlled trial to
test this hypothesis.

Clearly written introduction

Prevalence and burden of
the pneumothorax
explained.

Brief introduction on
pneumothorax.

Current practice and
previous study explained.

Hypothesis

Purposed and benefit of
current study are not
included.

Previous uses of ABPI not
explained



MATERIALS AND METHOD




DESIGN

Study protocol compliance to the
regulatory body

Clearly stated study design
Noninferiory trial

Well define control group.

Data collection interval explained.

Our institutional review board approved this prospective inves-
tigator-initiated study. Written informed consent was obtained
from all participants. Study data were collected in a database
that was compliant with the Health Insurance Portability and
Accountability Act. The authors had full control over data and
information submitted for publication.

In this prospective randomized controlled trial (heeps:/
ClinicalTrials.gov, NCT02224924), we tested the noninferiority
of ABPI as compared with a hydrogel plug with respect to the
rate of iatrogenic pneumothorax within 2 hours of CT-guided
percutaneous lung biopsy. A noninferiority margin of 10% was
used based on historic clinical data of a relatively constant pneu-
mothorax rate of 20%—25% and the results of controlled studies
where the difference in the rate of pneumothorax between the
two arms ranged from 7.3% to 38% (average, 17.7%; median,
14%) (9-19). The secondary objectives were to compare ABPI
and hydrogel plug regarding (2) the rate of iatrogenic pneu-
mothorax within 2 hours of CT-guided lung biopsy on a per-
protocol analysis (without intraoperative exclusions), (4) the rate
of chest tube placement for pneumothorax up to 2 weeks after
lung biopsy, and (¢) the rate of delayed pneumothorax up to
2 weeks after lung biopsy. In addition, the Data Safety Moni-
toring Board (DSMB) recommended an analysis to compare
the length of hospital stay after pneumothorax between the two



Participants

Eligibility was not restricted based on age, sex, race, body habi-
tus, history of smoking or emphysema, indication for biopsy,
number of specimens required, or target lesion characteristics,
such as size, location, imaging appearance, or planned partici-
pant positioning (Table E1 [online]). No attempt was made
to grade emphysema, and only biopsies in which the needle
path traversed the lung parenchyma with obvious areas of low
attenuation (labeled here as bullae and blebs) were ineligible
(Fig 1). The hydrogel plug was approved by the Food and Drug
Administration to be administered only via a 19-gauge Angio-
tech introducer needle (Argon Medical Devices, Athens, Tex).
All participants in whom the hydrogel plug could not be used
were excluded at screening. Beginning in October 2014, all

Convenient sampling

Exclusion criteria stated briefly
Method of diagnosis stated
Experienced personnel involved

participants referred for percutaneous CT-guided lung biopsy
were screened. Eighteen board-certified fellowship-trained
interventional radiologists participated in both enrollment
and biopsy processes (N.M., H.Y., AR.D, YB,, A].G., EZ,
and EE.B. had 2-5 years of experience; J.PE. and R.H.S. had
5-10 years of experience; M.M., K. T.B.,, G.I.G., CTS,,
AM.C, LA.B, WA, ].C.D., and S.B.S. had more than 10
years of experience). Screening and enrollment were performed
at the dedicated outpatient clinic of the interventional radiol-
ogy service. Medical records and imaging studies were screened
by a research study assistant (C.L.Z., M.].; each with 2—4
years of experience) and at least one interventional radiologist.
Medical records were reviewed to explore any history of prior
ipsilateral chest interventions. CT images were reviewed at a
picture archiving and communication system workstation to
identify the safest and most practical percutaneous biopsy ap-
proach. Participants who met the inclusion criteria were ap-
proached by the consenting interventional radiologist.

Our study data were reviewed annually by the DSMB and
were reported to the institutional review board. In February
2017, the DSMB closed our study to accrual after the second in-
terim analysis for noninferiority of ABPI on the pneumothorax
rate within 2 hours of lung biopsy. For an in-depth discussion
of procedures we used in this study, please see the Registration,

Procedures, Measurements, and Postbiopsy Care sections in Ap-
pendix E1 (online).



Presumption of penumothorax based on
previous studies

Sample size = 552, adequate sample

Selection of statistical method using non
inferiority test.

Statistical Analysis

We assumed the pneumothorax rate with the hydrogel plug
was approximately 20% based on a study by Zaetta et al (13),
and we calculated that a sample size of 552 participants (276
participants in each study arm) would be sufficient to find
ABPI noninferior to hydrogel plug with a margin of 10%,
90% power, one interim analysis for noninferiority, and an
overall one-sided type I error rate of 5%. We used the Lan-
DeMets spending function and set the trial to terminate early
for noninferiority if a one-sided nominal z score of —2.54

(P = .006) was observed. With trial continuation, the final
assessment was set to use a z score of —1.662, with an associ-
ated P value of .048.

On the basis of the number of lung biopsies performed at our
institution, our study was expected to take about 2 years.

The primary analysis was a modified intent-to-treat analysis,
in which participants who were randomized but did not un-
dergo biopsy were excluded. All randomized participants who
underwent biopsy were analyzed according to the randomized
treatment assignment, regardless of actual sealant deployment.

between pneumothorax rates for ABPI and those
lug was estimated and assessed by using a z test.
od was used for a secondary analysis in only those
o had a sealant placed after biopsy without any
exclusions (per protocol).
outcomes for comparison of ABPI with hy-
ith respect to (a) delayed pneumothorax occur-
e and within 2 wecks after lung biopsy and
orax requiring chest tube placement up to 2 weeks
psy were also assessed with a z test. Superiority
was evaluated by using a two-sided X’ test, and
the length of hospital stay were assessed by us-
binomial regression model. All statistical analyses
ed by using statistical software (SAS, version 9.4,
Cary, NC; East 6, version 6.4, Cytel, Cambridge,
version 3.2.4, www.R-project.org).




RESULT

* Large screening sample with

large sample size.

* Clearly

Enrollment

Assessed for eligibility (n=2052)

Excluded (n=1598) (Table E2)

Randomized (n=454)

1

Analysis of Primary Endpoint

g v v
g ABPI BioSentry
=
< . 5 :
Allocated to intervention (n=226) Allocated to intervention (n=228)
é Not treated (n=27): Not treated (n=20):
g - Biopsy canceled (n=20) < Biopsy canceled (n=14) <
5 - Consent withdrawn (n=7) Consent withdrawn (n=6)

Analyzed (n=199)

Received allocated intervention (n=179):

No intra-procedural deviations (n=156)

Intra procedural exclusion ~ sealant deployed (n=23):

o 19g introducer needle not used (n=2)

o 19g introducer needle not used. Needle pass

through non aerated lung or tissue (n=1)
More than one pleural puncture (n=10)

©  More than one pleural puncture, Needle path with
transgression of pleural fissure, bleb, or bulla
(n=4)

©  Needle pass through non aerated lung or tissue.
(n=1)

0 Needle path with transgression of pleural fissure,
bleb, or bulla.(n=4)

o Pneumothorax before ABPI was deployed. (n=1)

Intra procedural exclusion — sealant not deployed (n=20):

©  ABPI not deployed (n=9)

o  19g introducer needle not used. ABPI not
deployed (n=4)

o 19g introducer needle not used. Needle pass
through non aerated lung or tissue. ABPI not
deployed (n=1)

©  More than one pleural puncture, Needle path with
transgression of pleural fissure, bleb, or bulla.
ABPI not deployed (n=1)

©  More than one pleural puncture. Pneumothorax
before ABPI was deployed (n=2)

©  Needle pass through non-aerated lung or tissue.
ABPI not deployed (n=2)

o  Pneumothorax before ABPI was deployed (n=1)

o

Analyzed (n=208)

Received allocated intervention (n=173):

No intra-procedural deviations (n=162)

Intra procedural exclusion — sealant deployed (n=11):

o  19g introducer needle not used (n=1)

o 19g introducer needle not used. More than one pleural
puncture. Needle path with transgression of pleural
fissure, bleb, or bulla (n=1)

©  More than one pleural puncture (n=3)

©  More than one pleural puncture, Needle path with
transgression of pleural fissure, bleb, or bulla (n=5)

0 Needle path with transgression of pleural fissure, bleb,
or bulla (n=1)

Intra procedural exclusion — sealant not deployed (n=35):

©  BioSentry not deployed (n=10)

© 15 cm needle not used. BioSentry not deployed (n=2)

o 19g introducer needle not used. Biosentry not deployed
(n=3)

o  Distance between skin and pleura was >7 cm. Biosentry
not deployed (n=5)

o Distance between skin and pleura was >7 cm. Needle
path with transgression of pleural fissure, bleb, or bulla.
BioSentry not deployed (n=1)

©  More than one pleural puncture. BioSentry not deployed
(n=4)

©  More than one pleural puncture. Needle path with
transgression of pleural fissure, bleb, or bulla.
BioSentry not deployed (n=1)

©  Needle pass through non aerated lung or tissue.
BioSentry not deployed (n=2)

©  Needle path with transgression of pleural fissure, bleb,
or bulla. BioSentry not deployed (n=2)

o  Pneumothorax before BioSentry was deployed (n=3)

©  Target lesion located less than 1.5 cm away from the
visceral pleura. BioSentry not deployed (n=2)

v

Follow-up for
Secondary Endpoints

Lost to follow-up (n=3):
Participant could not be reached to
complete follow-up questionnaire (n=3)

Lost to follow-up (n=3):

Participant could not answer follow-up questionnaire due to
end of life (n=1)

Participant could not answer follow-up questionnaire due to
hearing loss (n=1)

Participant could not be reached to complete follow-up
questionnaire (n=1)

Figure 2: Consort diagram. BioSentry refers fo the hydrogel plug. ABPI = autologous blood patch injection.




Table 1: Distribution of Target and Technical Characteristics in Per-Protocol Population

Characteristic ABPI (n=156) Hydrogel Plug (7 = 162)
History of smoking
No 47 (30.1) 53 (32.7)
Yes 109 (69.9) 109 (67.3)
History of emphysema
No 131 (84) 136 (84)
Yes 25 (16) 26 (16)
R E S U LT Laterality or lobe
Left lower 37 (23.7) 30 (18.5)
Left upper 45 (28.8) 49 (30.2)
Right lower 33 (21.2) 28 (17.3)
Right middle 5(3.2) 7 (4.3)
Right upper 36 (23.1) 48 (29.6)
Target appearance
Cavitary 4 (2.6) 3(1.9)
Ground glass 13 (8.3) 11 (6.8)
Solid 133 (85.3) 143 (88.3)
Solid and cavitary 4 (2.6) 1 (0.6)
Solid and ground glass 2(1.3) 4 (2.5)
Targer long axis (cm)* 1.7 (0.5-15.8) 1.7 (0.5-9.7)
Target short axis (cm)* 1.4 (0.4-9.7) 1.4 (0-10)
Pleura-to-target distance (cm)* 3.5 (1.2-14) 3.8 (1.5-10)
Shortest target-to-pleura distance in any direction (cm)* 0.9 (0-7.1) 0.9 (0-9.4)
Target-to-pleura distance beyond the needle if less than 5 cm* 1.95 (0-8.4) 2 (0-8.4)
Participants whose target-to-pleura distance beyond the needle 40 30
. . - was more than 5 cm
Descriptive statistic clearly No. of core specimens* 3(0-10) 3 (0-10)
No. of FNB specimens* 0 (0, 3) 0(0,7)
elaborated on table Biopsy type

Core 120 (76.9) 127 (78.4)

Core and FNB 30(19.2) 27 (16.7)

FNB 6(3.8) 8 (4.9)
Final pathology and/or cytology result

Diagnostic 149 (95.5) 154 (95.1)

Nondiagnostic 7 (4.5) 8 (4.9)
Participant position

Left lateral decubitus 1 (0.6) 2(1.2)

Prone 85 (54.5) 72 (44.4)

Right lateral decubitus 0 (0) 2(1.2)

Supine 70 (44.9) 86 (53.1)
CT radiation dose (mGy-cm)* 126.9 (2.09-1868) 122.2 (20.16-1237)
No. of participants without reported CT radiation dose 1 2

Note.—Unless otherwise indicated, data are number of patients, and data in parentheses are percentages. ABPI = autologous blood patch
injection, FNB = fine-needle biopsy.
* Data are the median, and data in parentheses are the range.




Table 2: Primary Outcome and Per-Protocol Analysis of Primary Outcome according to Treatment Assignment

Difference between ABPL  95% Clof  p, H: p, H: ABPI =
Outcome ABPI Hydrogel Plug  and Hydrogel Plug (%)  Difference Difference = 10% Hydrogel Plug
Modified Intent-to-Treat Population (n = 407)
Pneumothorax within ~7:7 —16.1, 0.6 <0.0001 0.07
. P 0 b 0 I 0 f 2 hours of procedure
rFimary objective analysis O No 157 (79) 148 (71)
Immediate com p Ication clear )’ Per-Protocol Population Who Received Sealant (# = 352)
. Pneumothorax within —-8.20 -17.2,0.8 <0.0001 0.07
mention 2 hours of procedure
No 142 (79) 123 (71)
Yes 37 (21) 50 (29)
Per-Protocol Population with No Intraprocedural Deviations (7 = 318)
Pneumothorax within -9.20 —18.3, —0.1 <0.0001 0.05
2 hours of procedure
No 128 (82) 118 (73)
Yes 28 (18) 44 (27)

Note.—Unless otherwise indicated, data are number of patients, and data in parentheses are percentages. ABPI = autologous blood patch
injection, CI = confidence interval.




* Study involve secondary
outcome or delayed
pneumothorax within 2 week
post procedure.

Table 3: Secondary Outcomes according to Treatment Assignment

Hydrogel Difference between 95% CI of

Outcome ABPI (n=199) Plug(n=208) ABPIand Hydrogel Plug (%) Difference
Chest tube placed within 2 weeks after procedure —3.90 —10.0, 2.1

No 181 (91) 181 (87)

Yes 18 (9) 27 (13) i
Delayed pneumothorax within 2 weeks after procedure 0.10 —2:3;/2:4

No 196 (99) 205 (99)

Yes 3(1) 3 (1)

Note.—All data were obtained in the modified intent-to-treat population (7 = 407) and, unless otherwise indicated, are number of patients
with percentages in parentheses. ABPI = autologous blood patch injection, CI = confidence interval.




DISCUSSION




* Immediate complication cause
explained.

when ABPI or hydrogel plug were used as the track sealant.
From October 2014 to February 2017, 2052 potential study
participants were assessed for enrollment. A total of 453
participants were randomly assigned to the ABPI (» = 226)
or hydrogel plug (z = 227) arm. A total of 407 participants
underwent treatment without intraoperative exclusion (ABPI,
n = 199; hydrogel plug, #» = 208). Pneumothorax rates within
2 hours of biopsy were 21% (42 of 199) and 29% (60 of
208); chest tube rates were 9% (18 of 199) and 13% (27 of
208); and delayed pneumothorax rates within 2 weeks after

biopsy were 1.4% (three of 199) and 1.5% (three of 208) in
the ABPI and hydrogel plug arms, respectively. The DSMB
recommended the trial be closed to accrual after an interim
analysis met prespecified criteria for early stopping based on
noninferiority. We concluded that ABPI is noninferior to
hydrogel plug in regard to the rate of pneumothorax after CT-
guided percutaneous lung biopsy.

The most_commonly accepted mechanism_for_iatrogenic
pneumothorax from percutaneous needle biopsy is leakage of air
from the puncture site at the visceral pleura after needle removal.



Since lung biopsies are performed with increasing frequency and
because complications such as pneumothorax lead to more costs
and resources, substantial interest persists in decreasing the rate
of iatrogenic pneumothorax (4,20,21).

In 1974, on the basis of the observation that pneumothorax
was rare in patients whose lung lesions “bloomed” (bled) at flu-
oroscopic-guided biopsy, McCartney et al concluded that bleed-
ing might have sealed the pleural puncture site. They published
the first report on the use of ABPI after lung biopsy in 25 pa-
tients (25). Early case series and controlled studies showed mixed
results but poor study design, including fluoroscopic guidance,
participant selection methods, number of operators, and sample
size, limited the relevance of their findings (7,8,26). Since 1992,
a total of 11 controlled studies on use of track sealant in lung
biopsies have shown significant benefits in both pneumothorax
and chest tube rates (Table 4).

In 2010, Zaetta et al published the results of a prospective
multicenter randomized controlled clinical study of 339 study
participants allocated to either a hydrogel plug arm or a no
sealant arm. They demonstrated significantly fewer pneumo-
thoraxes (18% vs 31%) and fewer chest tube placements (4%

vs 11%) in participants in the hydrogel plug arm as compared
with those in the no sealant arm (13). In 2013, Malone et al
published the results of a prospective randomized controlled
clinical study of 242 study participants allocated to either an
ABPI arm or a no sealant arm. They showed a trend toward
reduction of pneumothorax (26% vs 35%), and a significant
reduction in chest tube placement (9% vs 18%) associated
with ABPI (14).

ABPI has several advantages over hydrogel plug: it is es-
sentially free; it does not require a specific introducer needle
type, gauge, or length; it can be deployed for lesions closer than
1.5 cm to the pleura; and it is proven to be absorbed shortly after
deployment.

Our study had limitations. Results are based on an onco-
logic population in a comprehensive cancer center and may
not necessarily be representative of results in other populations.
The 10% noninferiority boundary is based on clinical historic
data and results of prior relevant studies. We allowed freedom
in choosing the type of 19-gauge introducer needle used in
the ABPI arm. Such deviation is not expected to change our
results significantly, as most controlled studies on this topic

History of clot role
explained.

Previous study limitation
stated.

Control group study history
clearly mention

Advantage and benefit of
studies explained




¢ Studies only involved oncologic population.

LIMITATION

* Single size biopsy needle used: 19G




CLINICAL IMPORTANCE

Cheap
Safer
Not require specific equipment or deployment device

Temporary sealant




CONCLUSION

Further prospective randomized clinical trials will be
needed to evaluate the effectiveness of other track sealants.
The fact that the overall rates of iatrogenic pneumothorax
in percutaneous image-guided needle biopsy of the lung
have not grossly changed since earlier reports in the 1970s
despite advances in technology indicates potential gaps in
our knowledge about risk factors such as emphysema, the
physiology of respiration, and the mechanisms of iatrogenic
pneumothorax. Until these risk factors are better understood,
our study suggests that autologous blood patch injection
can be as effective as a hydrogel plug in reducing the risk
of pneumothorax and subsequent chest tube placement after
percutaneous needle biopsy.

Brief and concise summary
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Overall, this is a good article. Good comparison with control group.

Strength of this study
Prospective study
Large sample size

Appropriate follow up, up to 2 week.

Potentially can be practice in our department because of availability of the
material, cheap and does not require special apparatus.




FUTURE RESEARCH

No meta-analysis found to this date that compare among sealant post biopsy
to prevent pneumothorax.

Review | Published: 12 March 2019

Post-Biopsy Manoeuvres to Reduce Pneumothorax
Incidence in CT-Guided Transthoracic Lung Biopsies: A
Systematic Review and Meta-analysis

Ya Ruth Huo, Michael Vinchill Chan &, Al-Rahim Habib, Isaac Lui & Lloyd Ridley

CardioVascular and Interventional Radiology 42, 1062-1072 (2019) | Cite this article
1028 Accesses | 13 Citations | 2 Altmetric | Metrics




Prospective RCT comparing the sealant available in the market.
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