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ABSTRACT

Purpose: To investigate whether an autologous intraparenchymal blood patch (IPB) reduces the rate of pneumothorax-related
complications associated with computed tomography (CT)–guided lung biopsies.

Materials and Methods: This study included 834 patients: 482 who received an IPB and 352 who did not. Retrospective review
was performed of all CT–guided lung biopsies performed at a single institution between August 2006 and September 2013.
Patients were excluded if no aerated lung was crossed. The rate of pneumothorax, any associated intervention (eg, catheter
placement, aspiration), chest tube placement, and chest tube replacement requiring hospital admission were compared by linear
and multiple regression analysis.

Results: Patients who received an IPB had a significantly lower rate of pneumothorax (145 of 482 [30%] vs 154 of 352 [44%];
P o .0001), pneumothorax-related intervention (eg, catheter aspiration, pleural blood patch, chest tube placement; 43 of 482
[8.9%] vs 85 of 352 [24.1%]; P o .0001), and chest tube placement along with other determinants requiring hospital admission
(18 of 482 [3.7%] vs 27 of 352 [7.7%]; P o .0001). No complications related to the IPB were noted in the study group.

Conclusions: Autologous IPB placement is associated with a decreased rate of pneumothorax and associated interventions,
including chest tube placement and hospital admission, after CT–guided lung biopsies, with no evidence of any adverse effects.
These results suggest that an IPB is safe and effective and should be considered when aerated lung is traversed while performing
a CT–guided lung biopsy.

ABBREVIATIONS

FNA = fine needle aspiration, IPB = intraparenchymal blood patch, PBP = pleural blood patch
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Pneumothorax is one of the most common complica-
tions associated with percutaneous computed tomogra-
phy (CT)–guided lung biopsies. Rates of pneumothorax
in lung biopsy cases remain at 20%–53% in some studies,
and chest tubes are required in approximately 3%–15%
of patients (1–7). Chest tube placement after lung biopsy
is time-consuming and adds additional expense, risk,
pain, and inconvenience, frequently including at least an
overnight hospital admission (8). Therefore, there is a
compelling reason to develop and refine interventions
that decrease the risk of pneumothorax and the
associated interventions.
To date, several techniques have been developed in an

attempt to decrease the rate of pneumothorax in patients
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Table 1 . Demographic Data of Patients with and without

an IPB

Characteristic IPB (n ¼ 482) No IPB (n ¼ 352) P Value

Age (y) .84*

Mean � SD 66.2 � 10.8 63.4 �12.5

Range 18–90

Sex (%) .83†

Male 57.7 58.5

Female 42.3 41.5

Needle size o .001†

17-gauge 2 1

18-gauge 1 5

19-gauge 359 188

20-gauge 115 152

21-gauge 1 2

Unknown 4 4

Biopsy type .3395†

FNA only 341 262

Core only 50 54

FNA and core 91 33

Neither 0 3

Needle depth (cm) o .001†

Mean 2.9 2

SD 1.8 1.6

FNA ¼ fine needle aspiration; IPB ¼ intraparenchymal blood

patch; SD ¼ standard deviation.

*Kruskal–Wallis test.
†Fisher test.
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undergoing lung biopsy, including intraparenchymal
blood patches (IPBs); the injection of glue, plugs, or
other substances to occlude the puncture site (9);
removal of the needle in end-expiration; positioning of
the patient with the biopsy side down immediately after
the procedure; and high-flow oxygen (9–14). Published
studies of IPBs have shown consistently positive results
with few limitations in study size or design (10,11). For
instance, Malone et al (10) found an 11% decrease in
pneumothorax for those with an IPB (P ¼ .12) and a
significant decrease in chest tube placement. As such, the
IPB technique deserves further study.
The IPB technique uses the clot-forming properties of

whole blood to decrease the likelihood of an air leak
following parenchymal lung punctures. The technique is
simple, has no associated costs, and has no known safety
risks (10). Therefore, if it were effective, it would be a
useful intervention and could become a common adjunct
procedure, as shown in published results (10,12,13).
The present study is based on the hypothesis that an

IPB will decrease the rate of pneumothorax and associ-
ated interventions in patients undergoing CT-guided lung
biopsies, and is potentially important because of the large
number of patients and the lack of significant biases (ie,
all procedures were performed by the same cohort of
operators, with no difference between the patient pop-
ulations other than the time period in which the procedure
was performed). The purpose of this single-center retro-
spective study was to compare the incidence of pneumo-
thorax and pneumothorax-related interventions during
CT-guided lung biopsies in patients who received an
IPB compared with a control group who did not.
MATERIALS AND METHODS

Patient Demographics
A total of 834 patients were included in the study: 482
(57.7%) who received an IPB and 352 (42.3%) control
patients who did not. Introducer needle gauge and depth
were found to be significantly different between the two
groups, but biopsy type and patient age and sex were not
(Table 1). The introducer needle gauge was significantly
larger among the IPB group versus the non-IPB group: a
19-gauge introducer was used in 74.5% of patients with
an IPB versus 53% of those without an IPB. Nodule
depth was also significantly different, as the group who
received IPBs had an average nodule depth that was 0.9
cm deeper than in the non-IPB cohort (Table 1). A total
of nine fissures were crossed in the entire patient
population. Within the patient population, 58.5% of
patients (488 of 834) had no emphysema, 18.2% (152 of
834) had mild emphysema, 14.1% (118 of 834) had
moderate emphysema, and 9.1% (76 of 834) had severe
emphysema. Among the total patient population, there
were 299 total pneumothoraces (35.8%) requiring 128
additional interventions (15.3%), including 90 pleural
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blood patches (PBPs; 10.8%), 39 chest tubes (4.6%), and
45 hospital admissions (5.4%; Fig 1).
This study was approved by the institutional review

board under waiver of informed consent and performed
in compliance with the Health Insurance Portability and
Accountability Act. The electronic medical records and
procedural imaging of patients who had a lung biopsy
performed between August 2006 and September 2013
were reviewed by a board-certified radiologist with 17
years of clinical experience. Exclusion criteria included a
needle path that did not traverse aerated lung (eg,
ultrasound-guided biopsies of peripheral lung nodules),
biopsy without coaxial technique, and the presence of a
pneumothorax on CT before needle removal.
The following variables were collected: patient sex and

age, the use of a blood patch and volume of blood,
needle size (gauge) and type of biopsy (coaxial, fine
needle aspiration [FNA], core), location of the procedure
relative to lung anatomy (lobe of target lesion), the
presence and severity of emphysema, nodule depth from
the pleura along the biopsy tract, presence or absence of
a pneumothorax, and whether the patient required a
pneumothorax-related intervention (needle aspiration,
pleural blood patch, chest tube placement) or hospital-
ization. Emphysema severity was qualified by assessing
the lung parenchyma at the site of the biopsy according
to previously described methods (15) that distinguish
dison from ClinicalKey.com by Elsevier on December 30, 2020.
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Figure 1. The total distribution of pneumothorax based on the

presence or absence of a PBP, and the associated outcomes.
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emphysema gradations from one another based on the
measured opacity of lung nodules in Hounsfield units.
The needle or pleural angle of the biopsy was not
recorded, as this was not calculable as a result of the
retrospective nature of the analysis.

Procedure
Biopsies. All lung biopsies were performed by one of
six board-certified radiologists, with or without a trainee,
with between 3 and 24 years of experience with CT-
guided interventions. Patients were positioned to
optimize access to the target lesion, and standard CT
fluoroscopy technique was used for imaging guidance.
From 2006 to 2012, all procedures were performed on a
Lightspeed RT16 Xtra unit (GE Medical Systems,
Chicago, Illinois), and a wide-bore Optima CT580W
unit (GE Medical Systems) was used after 2012. The
most common biopsy technique employed was introduction
of a 19-gauge introducer needle with specimens obtained
with a 20-gauge core needle biopsy device (Monopty Core
or Max-Core needle; Bard, Murray Hill, New Jersey) or
21-gauge FNA needles for cytology (Greene or Franseen
needles; Modern Grinding, Port Washington, Wisconsin).
Intravenous conscious sedation to a level of 3/4 was used
for all patients by using a combination of fentanyl and
midazolam (Hospira, Lake Forest, Illinois) with dosing to
effect. The level of sedation was based on patient anxiety
levels and need for breath-holds. Anxiolysis/minimal
sedation was planned for all patients, with higher levels of
sedation in a minority of patients as needed.

If a pneumothorax was found during the procedure, the
IPB procedure was still performed, depending on severity;
however, these patients were not included among the
analyzed cases. Although there was some overlap in the
timing of treatment of the cohorts, the patients who did not
receive an IPB were in the cohort that underwent a CT-
guided lung biopsy from 2006 to 2010. Beginning in 2010,
patients who underwent CT-guided lung biopsy received
blood patches until the end of the study period in 2013,
following a change in practice after literature review.
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Blood patch technique. The IPB technique involved
withdrawing as much as 10 mL of autologous blood
from the patient’s indwelling intravenous catheter
immediately before the removal of the introducer
needle. The autologous blood was then injected
continuously during the removal of the introducer
needle in an attempt to fill the entire needle tract as
well as placing a 2–3-mL bolus in the immediate
subpleural lung (Fig 2). When the procedure had been
completed, and upon removal of the needle, the distance
from the needle tip to the pleural surface was measured
on the most recent CT fluoroscopy image. The bolus
injection was based on that measurement, ensuring that
the bolus was reliably confined to the subpleural lung.
The amount of blood used varied based on the length of
the needle tract, the ability to successfully obtain blood
from the patient’s intravenous catheter, and physician
preference.
After the IPB was placed, patients were then

instructed to resist coughing and positioned with the
biopsy side down, as was done for every patient (16–18).
Patient recovery involved 2–4 hours of observation with
a minimum of one chest radiograph 1 hour after the
procedure. If there was no pneumothorax, no further
imaging was performed. If there was a pneumothorax, a
second chest radiograph was obtained 1–2 hours later
and management was determined based on the evolution
of the pneumothorax. If a pneumothorax appeared
during the procedure or recovery, it was evaluated on
a case-by-case basis to determine the proper treatment.
Patient treatment and follow-up was determined based
on the intervention performed at the discretion of the
radiologist performing the procedure. If an air leak
persisted, a chest tube was placed and the patient would
be considered for hospital admission until it resolved.
Not all patients who had chest tubes placed were
admitted, as symptoms in some cases resolved soon
enough to allow the patient to be discharged. Patients
who were managed with aspiration or simple observa-
tion and were still hospitalized because of other concerns
were also included in the analysis.
Pneumothorax was defined as any collection of air

within the pleural space identified on the procedural
CT scan or follow-up chest radiographs. Pneumothorax-
related interventions included catheter placement for
simple aspiration, PBP placement, or chest tube placement.
STATISTICAL ANALYSIS

Continuous variables were summarized as mean and
standard deviation, and categoric measures were summar-
ized with frequency counts and percentages. Two-sample
Student t tests or Kruskal–Wallis tests and Fisher exact
tests were used to assess differences between groups
in continuous and categoric variables, respectively.
Three binary outcomes were considered: pneumothorax,
dison from ClinicalKey.com by Elsevier on December 30, 2020.
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Figure 2. Top left to bottom right: placement and subsequent removal of the introducer needle and filling of the needle tract with

autologous blood (ie, IPB; green arrows).
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pneumothorax-related intervention, and chest tube place-
ment. Logistic regression models were used to model the
probability of having each of the three events as a function
of emphysema severity (none, mild, moderate, severe), use
of an IPB patch, needle size, and PBP.
Four separate multivariable logistic regression models

were fitted to model pneumothorax, aspiration, chest
tube insertion, and hospital admission as functions of
IPB use, PBP use, biopsy tract depth (in centimeters),
and sizes (gauge) of the three (coaxial, core, FNA)
needles. Odds ratios and their 95% confidence intervals
were obtained for each predictor. P o .05 (two-sided)
was the criterion for statistical significance. All statistical
analyses were obtained in R 3.1.0 (2014; R Foundation
for Statistical Computing, Vienna, Austria) (19).
Corollary trends were derived from the data to under-

stand the relationship between emphysema severity and
chance of pneumothorax, effect of needle size, and
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effectiveness of PBPs, among many others. These vari-
ables were included to test their influence on pneumo-
thorax risk and perhaps suggest further areas of study in
the future. As such, linear and multiple regression
analyses were employed to correlate this data.
RESULTS

Efficacy of the IPB
Patients who received an IPB had significantly lower
rates of pneumothorax (145 of 482 [30%] vs 154 of 352
[44%]; P o .0001), pneumothorax-related intervention
(43 of 482 (8.9%) vs 85 of 352 (24.1%), P o .0001), chest
tube placement (15 of 482 [3.1%] vs 24 of 352 [6.8%];
P o .0001) and hospital admission rates (3.7% [18 of
482] vs 7.7% [27 of 352]; P o .0001; Fig 3).
dison from ClinicalKey.com by Elsevier on December 30, 2020.
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Table 2 . Pneumothorax Rate in Relation to Emphysema

Severity for Patients with and without an IPB

Emphysema Severity Pneumothorax P Value*

None (n ¼ 488) .0084

IPB 79/282 (28.0)

No IPB 82/206 (39.8)

Mild (n ¼ 152) .1165

IPB 25/89 (28.1)

No IPB 26/63 (41.3)

Moderate (n ¼ 118) .0594

IPB 24/69 (34.8)

No IPB 26/49 (53.1)

Severe (n ¼ 76) .2485

IPB 17/42 (40.5)

No IPB 19/34 (55.9)

Note–Values in parentheses are percentages.

IPB ¼ intraparenchymal blood patch.

*Two-tailed Fisher exact test.

Figure 3. The rates of pneumothorax and pneumothorax-

related outcomes between the IPB group and the control group.
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Moderate to severe emphysema was identified as an
independent predictor for the development of a pneumo-
thorax (44.3% vs 33.1%; P o .0001), the need for
pneumothorax-related intervention (25.8% vs 12.2%;
P o .0001), and the likelihood of requiring chest
tube placement (9.8% vs 3.1%; P o .0001) compared
with patients who had no or mild emphysema. A more
in-depth evaluation of the effect of the IPB relative to the
severity of emphysema shows an upward trend of pneu-
mothorax as emphysema worsens (Table 2) but also shows
that an IPB was associated with a significant decrease in
the rates for the no-emphysema cohort. No complications
were encountered that could be attributed to the IPB.
Lesion Size and Location
Lesion location and size had little to no effect on the rate
of pneumothorax. Patients were equally likely to expe-
rience a pneumothorax whether the target lesion was
Downloaded for Anonymous User (n/a) at University of Wisconsin Ma
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located in the upper (34.5%), middle (37.7%), or lower
(36.9%) lobes. In addition, patients with a lesion size
450 mm had nearly an equivalent chance of having a
pneumothorax as patients with a lesion size of 0–9 mm
(44.8% vs 40.6%). There was a pneumothorax incidence of
35% for lesions located at depths between 1 and 59 mm, but
the incidence was 57.4% at depths 4 60 mm (P o .0001).

Multiple Logistic Regression Analysis
The odds ratio for the incidence of pneumothorax
between the control group and the experimental group
was 1.79 (95% confidence interval, 1.33–2.41; P o
.0001). No other factors showed statistical significance
(Figs E1 and E2 [available online at www.jvir.org]).
DISCUSSION

The results of the present study demonstrate, in a large
patient population, that an IPB as an adjunct during
CT-guided lung biopsy results in a significant reduc-
tion in pneumothorax and pneumothorax-related inter-
ventions, with significant decreases in the rates of chest
tube placement and hospital admissions. The odds of
developing a pneumothorax were 1.8 times higher in
individuals who did not receive an IPB than in those
who did. These findings were consistent regardless of the
severity of the underlying emphysema, needle size, or
any other cofactor.
With respect to other cofactors such as lesion size,

location, and depth, the findings indicate that further
research could be performed to understand their exact
relation to pneumothorax incidence. Factors such as
needle size, emphysema severity, and the distance of
aerated lung traversed, among others, showed trends
that did not meet statistical significance. These variables,
along with others, should therefore be investigated
further. However, the present study had adequate
numbers to establish the validity of the hypothesis that
an IPB procedure does reduce the rate of pneumothorax
and pneumothorax-related interventions, the primary
endpoint of the study. This, in conjunction with the rest
of the body of literature regarding the practical applica-
tion of IPBs, adds further credence to their adoption into
standard practice.
As stated previously, several adjunctive methods have

been developed to decrease the pneumothorax rate
associated with transthoracic lung biopsies. These
include interventions such as glue and cellulose plugs,
which have been shown to produce outcomes that are
very similar to that of the autologous blood patch.
Zaetta et al (20) found a 13% decrease in pneumothorax
among patients who received a hydrogel plug after biopsy,
and the use of fibrin glue (16% decrease in pneumothorax)
and collagen foam (17% decrease) showed similar results
in other studies (21,22). These rates of pneumothorax
reduction were similar to what was found for the IPB in
dison from ClinicalKey.com by Elsevier on December 30, 2020.
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the present study (14% reduction). Additionally, autolo-
gous blood patching has the advantage of not being
associated with any foreign materials or invasiveness.
Autologous blood patching would therefore seem to be
a preferred intervention.
There are several limitations to the present study. One is

the retrospective nonrandomized nature of the study, which
creates a potential bias related to timing of the intervention
and associated experience of the operator. Regardless, the
radiologists performing biopsies were all experienced with
image-guided interventions before the study period began.
Another possible limitation of this model is that some events
were rare, possibly making the models underpowered for
multiple logistic regression analysis. Many times, confidence
intervals had upward limits of infinity, indicating that this
was likely true for some of the analyses. Finally, although
PBP can affect outcomes after pneumothorax, PBPs were
used equally in both groups, indicating that its presence
likely did not confound results.
In summary, this relatively large, adequately powered

study shows that an IPB procedure is a safe and effective
technique to reduce the incidence of lung biopsy–related
pneumothorax, and reduces pneumothorax-related mor-
bidity. The rates of chest tube placement and hospital
admission were lower for those who received an IPB
versus those who did not. Because of the low cost found
in the aforementioned studies and the apparent effective-
ness in reducing morbidity, an IPB should be considered
in all cases of CT-guided lung biopsy that involve the
traversal of aerated lung.
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Figure E1. Multiple logistic regression analysis results. Figure E2. Multiple logistic regression analysis results.
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