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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 percutancous lung biopsy.

Materials and Methods: In chis prospective randomized controlled trial (b#tps://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.

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 (7 = 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.

Conclusion:  Autologous blood patch injection is noninferior to a hydrogel plug regarding the rate of pneumothorax after CT-guided

percutaneous lung biopsy.
©RSNA, 2018
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ercutaneous 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.
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Abbreviations

ABPI = autologous blood patch injection, CI = confidence interval,
DSMB = data safety monitoring board

Summary

Autologous blood patch injection is noninferior to hydrogel plug
regarding the rate of pneumothorax after CT-guided percutaneous
lung biopsy.

Implication for Patient Care

An autologous blood patch can be used as effectively as hydrogel seal-
ant to reduce the risk of pneumothorax and subsequent chest tube
placement after percutaneous needle biopsy of the lung.

Materials and Methods

Study Design

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 (hrzps://
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
study arms.

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
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Figure 1: CT image in a patient with emphysema and a new
right upper lobe lesion (arrow) was excluded, as no needle path
could avoid bullae.

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, Y.B., 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.L.G., C.T.S,,
AM.C., LAB., WA., J.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).

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
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(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.
The difference between pneumothorax rates for ABPI and those
for hydrogel plug was estimated and assessed by using a z test.
The same method was used for a secondary analysis in only those
participants who had a sealant placed after biopsy without any
intraoperative exclusions (per protocol).

The secondary outcomes for comparison of ABPI with hy-
drogel plug with respect to (2) delayed pneumothorax occur-
ring after discharge and within 2 weeks after lung biopsy and
(b) pneumothorax requiring chest tube placement up to 2 weeks
after lung biopsy were also assessed with a z test. Superiority
between arms was evaluated by using a two-sided x? test, and
differences in the length of hospital stay were assessed by us-
ing a negative binomial regression model. All statistical analyses
were performed by using statistical software (SAS, version 9.4,
SAS Institute, Cary, NC; East 6, version 6.4, Cytel, Cambridge,
Mass; and R, version 3.2.4, www. R-project.org).

Results

From October 2014 to February 2017, 2052 participants were
screened, and 850 were interviewed for enrollment at an
outpatient interventional radiology clinic. A total of 1598 par-
ticipants were excluded (Table E2 [online]).

A total of 453 participants (mean age, 66.9 years; age range,
24-93 years; 251 women, 202 men) was randomly assigned
to either the ABPI (7 = 226; mean age, 66.8 years; age range,
32-92 years; 124 women, 102 men) or hydrogel plug (7 = 227;
mean age, 67.0 years; age range, 24-93 years; 127 women,
100 men) arm.

Of these participants, 47 did not undergo treatment because
biopsy was cancelled (7 = 34) or because consent was withdrawn
(n = 13). Intraprocedural exclusions (7 = 89) are shown in Table
E3 (online). Three participants in each study arm were lost to
follow-up for delayed pneumothorax (Fig 2).

At the time of interim analysis, the test for noninferiority
of ABPI on the pneumothorax rate within 2 hours of biopsy
yielded a P value of .004, meeting the criteria to stop our study.
The DSMB recommended the trial be stopped early for nonin-
feriority of ABPI on pneumothorax rate within 2 hours of lung
biopsy.

Of the 454 randomly assigned participants, 407 underwent
lung biopsy and were included in the modified intent-to-treat
population. One participant underwent randomization twice
in the early stages of our study; therefore, the demographic dis-
tribution shows 453 participants in the randomized population
and 406 participants in the modified intent-to treat population
(Table E4 [online]). The protocol was amended to prevent such
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an occurrence from happening again. Biopsy target and techni-
cal characteristics are shown in Table 1.

The primary aim of this study was to compare the propor-
tion of participants who had a pneumothorax within 2 hours
of the procedure. Of the 199 participants in the ABPI arm,
42 (21% [95% confidence interval [CI]: 15%, 27%]) had a
pneumothorax within 2 hours of ABPL; 60 of 208 (29%; 95%
Cl: 23%, 35%) participants had a pneumothorax in the hy-
drogel plug arm. The difference in proportion between the two
arms (hydrogel plug vs ABPI) was —7.7% (95% CI: —16.1%,
0.6%). The primary noninferiority analysis indicated that ABPI
was noninferior to hydrogel plug (p < 0.0001). While the
estimated 2-hour pneumothorax rate was lower with ABPI, in
a secondary analysis, we found that ABPI was not statistically
significantly superior to hydrogel plug (p, = 0.07 for test of su-
periority) (Table 2).

A secondary aim of our study was to reanalyze the pri-
mary objective by using only participants who had a seal-
ant placed after biopsy (per-protocol analysis). A total of
352 participants underwent the allocated treatment, and
318 underwent the allocated treatment without any in-
traprocedural deviations. The results were similar to those
when assessing the primary aim: Among participants who
underwent the allocated treatment, 21% (37 of 179) in the
ABPI arm and 29% (50 of 173) in the hydrogel plug arm
had a pneumothorax, with a difference of —8.2% (95% Cl:
—17.2%, 0.8%) (p,, < 0.0001, p, = 0.07). Among par-
ticipants who underwent the allocated treatment without
deviations, 18% (28 of 156) in the ABPI arm and 27% (44
of 162) in the hydrogel plug arm had a pneumothorax, with
a difference of —9.2% (95% CI: —18.3%, —0.1%) (p,, <
0.0001, p, = 0.05) (Table 2).

Analyses of the other secondary aims are summarized for the
modified intent-to-treat population. The proportion of partici-
pants who had a chest tube placed for a pneumothorax anytime
within 2 weeks after the procedure was 9% (18 of 199) in the
ABPI arm and 13% (27 of 208) in the hydrogel plug arm, with
a difference of —3.9% (95% CI: —10%, 2.1%). The propor-
tion of participants who had a delayed pneumothorax within
2 weeks after the procedure was 2% in the ABPI arm (three of
199) and 1% (three of 208) in the hydrogel plug arm, with a
difference of 0.1% (95% Cl: —2.3%, 2.4%) (Table 3). As per
the DSMB recommendation, the length of hospital stay for the
102 participants who had a pneumothorax within 2 hours of
the procedure was analyzed by study arm (Table E5 [online]).
In the ABPI arm, participants were in the hospital an average
of 1.6 days, while in the hydrogel plug arm, participants were
in the hospital an average of 0.8 days (2 = .03). There were only
six participants who had a delayed pneumothorax, and no group
comparison was performed. No unanticipated serious adverse
events occurred during our study.

Discussion

We performed a prospective randomized controlled trial with
a noninferiority design to compare the rate of pneumothorax
within 2 hours of CT-guided percutaneous lung biopsy
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o
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Analysis of Primary Endpoint

Analyzed (n=199)

Received allocated intervention (n=179):

No intra-procedural deviations (n=156)

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

19g introducer needle not used (n=2)

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)

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

Pneumothorax before ABPI was deployed. (n=1)

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

ABPI not deployed (n=9)

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

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)

Pneumothorax before ABPI was deployed (n=1)

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)

o More than one pleural puncture (n=3)

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

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

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

o  BioSentry not deployed (n=10)

o 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)

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

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

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

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

o Pneumothorax before BioSentry was deployed (n=3)

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

v

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

complete follow-up questionnaire (n=3)

Follow-up for
Secondary Endpoints

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 to the hydrogel plug. ABPI = autologous blood patch injection.

550

radiology.rsna.org » Radiology: Volume 290: Number 2—February 2019



Maybody et al

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)
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)
Target 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
No. of core specimens* 3 (0-10) 3 (0-10)
No. of FNB specimens* 0 (0, 3) 0(0,7)
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

injection, FNB = fine-needle biopsy.

* Data are the median, and data in parentheses are the range.

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

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 (z = 2206)
or hydrogel plug (7 = 227) arm. A total of 407 participants
underwent treatment without intraoperative exclusion (ABPI,
n = 199; hydrogel plug, 7 = 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
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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.
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Table 2: Primary Outcome and Per-Protocol Analysis of Primary Outcome according to Treatment Assignment

Difference between ABPI  95% Clof  p, H: p, H,: ABPI =
Outcome ABPI Hydrogel Plug  and Hydrogel Plug (%) Difference Difference = 10% Hydrogel Plug
Modified Intent-to-Treat Population (7 = 407)
Pneumothorax within -7.7 —16.1, 0.6 <0.0001 0.07
2 hours of procedure
No 157 (79) 148 (71)
Yes 42 (21) 60 (29)
Per-Protocol Population Who Received Sealant (7 = 352)
Pneumothorax within —8.20 —17.2,0.8 <0.0001 0.07
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)

injection, CI = confidence interval.

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

Table 3: Secondary Outcomes according to Treatment Assignment

Hydrogel Difference between 95% CI of

Outcome ABPI (n=199) Plug (»=208) ABPI and 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)
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.

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%
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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
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Table 4: Controlled Studies on Track Sealants in Image-guided Needle Biopsy of Lung
No. of Chest Image No. of Statistical
Author and Year Study Design Sealant Participants PTX (%) Tube (%) Guidance Operators  Benefit
Bourgouin et al 1988 (7) Prospective, Blood/none 52/88  28.8/34.1 7.7/9.1 Fluoroscopy 4 Trending
even and toward
odd MRN benefit
Herman et al 1990 (8)  Prospective, Blood/none 46/47 24/30 2.2/2.1 Fluoroscopy 1 Trending
every other toward
participant benefit
Engeler et al 1992 (9) Prospective Gelatin 25/25 8/28 8/8 Fluoroscopy Not Significant
randomized sponge provided
plug/none
Petsas et al 1995 (10) Prospective Fibrin glue/ 26/32 19.2/40.6 3.8/18.8 CT 1 Significant
randomized none
Lang et al 2000 (11) Prospective Blood/none 47132 9147 0/22 CT 6 Significant
randomized
Billich et al 2008 (12) Prospective, Saline/none 70/70 8/34 1.4/11.4 CT 3 Significant
every other
participant
Zaetta et al 2010 (13) Prospective Hydrogel 170/169 18/31 4/11 CT 15 Significant
randomized, plug/none
multicenter
Malone et al 2013 (14)  Prospective Blood/none 123/119 26/35 9/18 CT 6 Significant
randomized
Tran et al 2014 (15) Retrospective, Gelatin 145/166  25.4/32.7 6.9/10.7 CT 12 Significant
propensity sponge
score matching  slurry/
none
Lietal 2015 (16) Prospective Saline/none 161/161 6.2/26.1 0.6/5.6 CT 2 Significant
randomized
Clayton et al 2016 (17)  Retrospective Blood/none  245/189 28/42 4/16 CT 6 Significant
Grafly etal 2017 (18) Retrospective Blood/none  482/352 30/44  3.717.7 CT 6 Significant
Ahrar etal 2017 (19) Retrospective, ~ Hydrogel 317/317  20.8/32.8 8.2/20.8 CT 12 Significant
propensity plug/none
score matching
Note.—Blood = autologous blood patch injection, MRN = medical record number, PTX = pneumothorax.

restrict only needle size, not needle type, between the two arms
(10,14,17-19). A follow-up phone call was used in place of
chest radiography to capture late pneumothorax. This may
affect accuracy of the rate of delayed pneumothorax in our re-
sults, although our rates are comparable to reported rates of
around 1% (27).

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. Unitil 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.
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