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Introduction

Percutaneous lung biopsy (PLB) is a safe and effective method 
for obtaining a diagnosis in patients with lung masses (1).  
The decision to perform core biopsy (CB) or both CB 
and fine-needle aspiration (FNA), to establish a malignant 
or benign diagnosis, or to obtain material for culture, is 
multifactorial, mainly based on multidisciplinary criteria and 

highly institution/operator dependent (2). The procedure 
should be performed with the support of imaging techniques, 
such as ultrasound or computed tomography (CT), in order 
to simplify and make the PLB practice safer (2-5).

Complications of PLB should be considered in the risk/
benefit analysis before the beginning of the procedure. 
Pneumothorax (PNX), pulmonary hemorrhage, hemothorax 
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and chest wall hematoma are the most commonly reported 
complications; less frequently reported ones include 
hemomediastinum, cardiac tamponade, air embolism, 
seeding of the biopsy tract and even death (6). In most of 
the large published series, the reported incidence of post-
biopsy PNX ranges from 15% to 54% (7-18) and are 
usually managed conservatively, with no long-term sequelae; 
however, in about 2–15% of patients, invasive maneuvers 
are required (19), such as the placement of a chest tube, 
which is associated with prolonged hospitalization. 
Hemorrhage has an overall incidence of up to 31% and 
can occur with or without hemoptysis, which presents in 
approximately 3% of patients (20).

Research is starting to emerge on new ways of preventing 
PLB complications. Some authors have investigated the 
feasibility and success rates of sealing the biopsy tract by 
different methods (21-25). Though plugging the biopsy tract 
shows promising results, its specific role is still not clear (21).

Bures et al. (26) had tested the application of an albumin-
glutaraldehyde based glue, Bioglue® (Cryolife Inc.), to repair 
superficial lung defects, proving its efficacy for both inflated 
and deflated lung conditions. Bioglue® is currently indicated 
for use as an adjunct to standard methods of achieving 
hemostasis (such as sutures and staples) in adult patients in 
open surgical repair of large vessels (such as aorta, femoral, 
and carotid arteries) in the United States (27); it is also 
indicated alone to reinforce damaged parenchyma [such as 
pulmonary (28,29), genitourinary (30), gastro-intestinal (31),  
dural (32), pancreatic (33) and hepato-biliary (34)] when 
other conventional procedures are ineffective or impractical 
in several other countries, including Europe (27).

The above considerations led us to investigate the role 
of BioGlue® in association with the use of a minimally 
invasive percutaneous procedure kit (MIPP-Kit), as a 
potential tool to minimize post-PLB complications. The 
MIPP-Kit, a Conformite Europeanne (CE)-marked tool 
with a dual-lumen catheter designed to facilitate the 
optimal application of fibrin sealants after diagnostic and 
therapeutic percutaneous procedures, had been tested in 
other indications (e.g., to prevent perihepatic bleeding and 
dissemination of cancer cells following biopsy and loco-
regional treatments), with promising results (35,36). In 
these studies, the kit turned out to be rather easy to use, 
also allowing a more precise delivery of active agents to the 
targeted administration site.

Therefore, a prospective, multicenter, open-label, single-
arm study was planned to assess the safety and feasibility of 
a specific version of the CE-marked MIPP kit, the MIPP-

Kit PNX, for the prevention of complications associated 
with diagnostic, CT-guided, PLB. We present the 
following article in accordance with the TREND reporting 
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-22-1203/rc).

Methods

Study design, setting and participants

This multicenter, single arm, open-label trial was performed 
after obtaining approval by the local institutional review 
boards of three investigational sites (Istituto Tumori 
Giovanni Paolo II, Bari; Verona University Hospital,Verona; 
Fondazione Policlinico Universitario A. Gemelli, Roma).

All consecutive adult patients (age ≥18 and ≤80 years), 
admitted from February 2019 to February 2020 at three 
investigational sites with an indication for diagnostic PLB, 
were enrolled in the study, after informed consent (IC) 
signature.

The following criteria were defined for the exclusion 
of patient from the trial: pregnant or breastfeeding; 
participation in another clinical study in the month prior to 
the diagnostic PLB; known allergy to device components, 
sedative agents or anesthetics (if used); confirmed sensitivity 
to materials of bovine origin; contraindication to the 
procedure due to concomitant conditions and/or therapies.

Bioptic procedures were performed based on institution/
operator standard procedures, without any technical 
requests in terms of a specific needle, access type, or 
particular approach. To use the MIPP-Kit PNX, its 
introducer was inserted into the lung under CT guidance, 
until it reached the lesion to be biopsied. After mandrel 
removal, the biopsy needle was inserted, tissue sample 
was collected and the biopsy needle was removed. The 
introducer was then retracted by approximately 1 or 2 cm 
and the BioGlue® adhesive dispensed via the MIPP Kit 
system, whilst simultaneously withdrawing the introducer 
from the patient’s thorax.

Enrolled patients performed 5 study visits. The screening/
baseline visit was performed, after the IC signature, 
to verify all the inclusion and exclusion criteria within  
15 days before the PLB, along with a check of concomitant 
treatments, medical history and a full physical examination; 
an anesthesiology consultation was also performed (where 
necessary). After the PLB visit, the safety and efficacy data 
listed in the protocol were systematically collected at day 
1, 2, at the discharge visit and after 30 days from PLB, 

https://tcr.amegroups.com/article/view/10.21037/tcr-22-1203/rc
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including: presence and onset of PNX, bleeding, embolism 
and/or other complications, based on clinical examination 
and imaging tests (e.g., ultrasound or CT). Any information 
regarding potential adverse events (AEs) and concomitant 
medications/treatments was recorded in the study case 
report forms (CRFs); the causality assessment of each AE 
was performed by the principal investigator or a qualified 
member of the investigational staff.

Ethical approval

This study was conducted in conformity with the ethical 
principles set forth by the Declaration of Helsinki (as 
revised in 2013), Good Clinical Practice (GCP) principles, 
international standards for clinical investigation of medical 
devices ISO 14155:2011, the laws and regulations of the 
countries where the study took place, and indemnity/
insurance requirements. The investigational plan, the 
informed consent form and any other study related requested 
documents were reviewed and approved by the appropriate 
Ethics Committee where the trial was conducted (Istituto 
Tumori Giovanni Paolo II, Bari (Italy); Verona University 
Hospital, Verona (Italy); Fondazione Policlinico Universitario 
A. Gemelli, Rome (Italy) (Prot. n.691/CE, Prot. n.39256 
and Prot.n.sf 45195/19 ID:2649 respectively). Informed 
consent process was mandatory for participation in clinical 
investigation, and had to be obtained from all subjects and/
or their legal representatives as per local regulations, prior to 
their participation in the study.

Investigational device

Two MIPP-Kit PNX models (MIPP-KIT-PNX10 and 

MIPP-KIT-PNX15), which differ as to the length (10 vs. 
15 cm) and the outer caliber of the introducer (17G vs. 
18G), were available for the trial. The investigators chose 
the MIPP-Kit PNX model to be used according to the 
characteristics of the lesion (location and depth), based on 
its pre-operative CT images.

The MIPP-Kit PNX system boasts a hollow steel 
introducer with graduated mandrel whose tip is provided 
with a Luer-lock connection and two poly-vinyl chloride 
(PVC) connectors, also provided with a Luer-lock 
connection (Figure 1); such components are used to inject 
a surgical adhesive (such as BioGlue®) after CT-guided 
interventional thoracic procedures in order to reduce the 
risk of PNX, hemorrhage or tumor seeding. BioGlue® is 
composed of bovine serum albumin and glutaraldehyde 
present in a two-chamber syringe, which are blended 
inside an applicator tip during its administration to the 
target tissue. Depending on the depth of the target lesion, 
the length and the outer caliber of the introducer (which 
can lead to an increase of residual BioGlue® amount), and 
according to the judgment of the investigators after the 
removal of the biopsy needle, one the following syringes 
with BioGlue® could be used: 2, 5 or 10 mL.

The use of the medical device was reserved to medical 
practitioners with expertise in diagnostic PLB. A training 
for the use of MIPP-Kit PNX was performed for all the 
staff involved in the trial.

Outcomes

The primary endpoint of the study was to determine the 
complication rate after the administration of the surgical 
adhesive during diagnostic PLBs in the 48 h following 

Figure 1 Picture of the CE-marked MIPP-kit PNX (on the left) used to inject the surgical adhesive (BioGlue®; on the right) after CT-
guided interventional thoracic procedures. CE, Conformite Europeanne.
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the procedure. Any AE, be it serious or otherwise, that 
occurred during the study after IC signature was recorded 
and its relationship with the MIPP-Kit PNX used for that 
patient was investigated. This included start and stop date/
time, severity (yes/no), outcome (resolved, recovered, 
residual effects, fatal, unknown, etc.), severity (mild, 
moderate, severe), treatment required (none, drug, non-drug 
treatment), relationship to study device and action taken with 
study device (discontinued or interrupted).

Any new event/experience that was not present at 
baseline, or worsening of an event present at baseline, was 
considered an AE; it was monitored until it was adequately 
resolved or explained. Unchanged, chronic conditions were 
not considered AEs and were not required to be recorded 
onto the CRF.

The satisfaction of the investigators about the ease of 
use of the MIPP-Kit PNX during the PLB procedures was 
collected by a binary response questionnaire (yes/no), filled 
after each procedure had been performed, as was the impact 
of using the MIPP-Kit PNX on the costs of complications 
associated with diagnostic PLBs, by analyzing patient’s post-
procedure duration of hospitalization.

Statistical analysis

Baseline continuous variables were presented as means and 
standard deviations, or as median values and Interquartile 
Ranges (IQR), as appropriate. 

The analysis of the primary endpoint was presented as the 
percentage of complications after BioGlue® administration 
(“Post-Glue” complications) over the number of procedures 
performed (“Undertaken Biopsy” analysis set), with a 95% 
confidence interval (CI) calculated from the Wald test for 
binomial distribution. The percentage of complications 
(with 95% CI) occurring before glue injection (“Pre-Glue” 
complications) was also reported; a sensitivity analysis was 
performed on the primary endpoint, by excluding patients 
with “Pre-Glue” complications. 

The secondary endpoints were analyzed by descriptive 
statistics. The association between complications, 
considered separately as “Pre-Glue” and “Post-Glue” 
complications, and patient characteristics, type of device 
used (MIPP-Kit-PNX10 or MIPP-Kit-PNX15) and type 
of lesion were analyzed by means of an ANOVA model 
for continuous variables, or of the Chi-Square test for 
categorical variables. All statistical analyses were performed 
using Statistical Analysis System (SAS) software version 9.4. 

Results

Enrollment of patients

Forty-three patients were enrolled in the study. All patients 
were included in the “Planned Biopsy (PB)” analysis set, 
while the 40 patients undergoing the PLB procedure were 
included in the “Undertaken Biopsy (UB)” analysis set 
(Figure 2).

Three patients were excluded from “UB” analysis set 
because of screening failure. Another patient did not 
complete the follow-up part of the study because of a 
serious AE (“Cardiac failure and renal insufficiency”), that 
caused patient’s death after the patient had been discharged 
from the hospital; this event was deemed not related to 
the MIPP-Kit PNX device, but related to the pre-existing 
pathological condition of the patient, i.e., cervical cancer 
with disseminated metastases (Figure 2).

The mean age of patients was 68±8 years (median value, 
70; IQR, 64–74 years); 27 (62.8%) patients were males, and 
all patients were Caucasians (Table 1). Thirty-nine (90.7%) 
patients of the PB analysis set were hospitalized, 11 (25.6%) 
had a previous history of allergy, and all patients performed 
an Eastern Cooperative Oncology Group (ECOG) score 
evaluation: 26 patients (60.5%) had values equal to 0, 14 
patients (32.6%) had a value of 1, and 3 patients (7.0%) had 
a value of 2 (Table 1).

Study treatment and procedures

The indication for lung biopsy was classified into 3 groups: 
diagnostic biopsy, staging biopsy and treatment choice 
biopsy. Thirty-four (79.1%) patients had a diagnostic 
indication for biopsy, 5 (11.6%) patients had a biopsy for 
staging, and 4 (9.3%) for their treatment choice selection. 

The mean size of the target lesions was 38±27 mm, with 
a median value of 29 mm (IQR, 17–51 mm), while the mean 
depth of the target lesion from the skin was 6±3 cm, with a 
median value of 5 cm (IQR, 4–7 cm) (Table 2). The lesion 
location was classified as follows: 15 (37.5%) in the right 
upper lobe, 12 (30.0%) in the right lower lobe, 5 (12.5%) in 
the left upper lobe, 5 (12.5%) in the left lower lobe, and 3 
(7.5%) in the right middle lobe (Table 2). 

The mean amount of BioGlue® used at the end of the 
biopsy procedures was 1.45±1.09 mL, with a larger amount 
used at the Bari site compared to the other investigational 
sites: 2.47±0.99, 1.00±0.67 and 0.60±0.17 mL, respectively 
(Table 2). Thirty-three biopsies (82.5%) were performed 
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with MIPP-Kit PNX10; 38 (95.0%) were performed 
using an introducer of 17G caliber and 34 (85.0%) with a 
BioGlue® 2 mL dosage form (Table 2).

Evaluation of biopsy procedure complications

A total of three “Post-Glue” complications occurred after 
the administration of BioGlue® within 48 h from the biopsy 
procedure in 40 patients included in the “UB” analysis 
set, for an overall risk of complications of 7.5% (95% CI: 
0.0–15.7%, Table 3). In particular, one patient in each of 
two sites had PNX (5.0%, 95% CI: 0.0–12.7%), none 
of which requiring a chest tube insertion, while another 
patient had pulmonary hemorrhage after administration of 
BioGlue® (2.5%, 95% CI: 0.0–7.3%), resolved with intra 
arterial embolization by synthetic fibrin; no embolism or 
other complications occurred (Table 3). All “Post-Glue” 
complications occurred within 3 hours from the biopsy 

procedures.
Considering the above mentioned “UB” analysis set (40 

patients), 14 (35.0%) complications occurred before the 
administration of BioGlue® during biopsy procedures (“Pre-
Glue” complications). In particular, 11 (78.6%) PNX, 2 
(14.3%) pulmonary hemorrhages and 1 (7.1%) hemothorax 
occurred in those patients. All such complications were 
treated conservatively and subsided before the glue was 
administered. None of the patients experiencing “Pre-Glue” 
complications also experienced “Post-Glue” complications. 
A sensitivity analysis excluded the 14 patients who had 
complications before the administration of BioGlue®, 
which was therefore performed on 26 patients. The overall 
risk of “Post-Glue” complications was equal to 11.5% 
(95% CI: 0.0–23.8%), and the risk of PNX and pulmonary 
hemorrhage, respectively, was equal to 7.7% (95% CI: 0.0–
17.9%) and 3.8% (95% CI: 0.0–11.2%).

The mean duration of biopsies with no complication, 

VISIT 1, up to Day 15
(ICF signature, Initial screening and basic 

patient evaluation)
“Planned Biopsy (PB)” analysis set (N=43)

VISIT 2, Day 1
(Diagnostic percutaneous biopsy, use of the 

MIPP-Kit PNX and AE assessment)
“Undertaken Biopsy (UB)” analysis set 

(N=40)

Excluded patients 
for screening failure

(N=3)

 VISIT 3, Day 2
(AE assessment)

 Attended patients (N=40)

VISIT 4, Day of discharge
(AE assessment and Primary 

endpoint analysis)
Discharged patients (N=40)

VISIT 5, Day 30±5 days
(Telephone follow-up for AE assessment)
Patients completed the study (N=39)

Early study 
termination (N=1)

AE = Adverse event
Primary endpoint:

•	 Rate of complications after glue administration 
during diagnostic percutaneous lung biopsies in 
the 48 hours following the procedure

Secondary endpoints:
•	 Ease of use of the device
•	 Analysis of the impact of the MIPP-Kit PNX system 

on the costs of managing the complications 
associated with diagnostic percutaneous lung 
biopsies

•	 Intraprocedural AE rate

Figure 2 Description of study flow, study analysis sets, planned procedures for each visit and endpoints of the study. IC, informed consensus; 
N, number; AE, adverse event.
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Table 1 Demographics and other baseline characteristics of 
enrolled patients

Characteristics Total (N=43)

Age (year)

Mean ± SD 68±8

Median [IQR] 70 [64–74]

Hospitalized patient, n (%)

Day hospital 4 (9.3)

Hospitalized 39 (90.7)

Sex, n (%)

Female 16 (37.2)

Male 27 (62.8)

Ethnic group, n (%)

Caucasian 43 (100.0)

Allergic patient (not device related), n (%)

No 32 (74.4)

Yes 11 (25.6)

Medical comorbidities, n (%)

Asthma 1 (2.3)

COPD 10 (23.2)

ILD 0 (0.0)

Prior pneumothorax 0 (0.0)

Bleeding 0 (0.0)

Dyspnea 2 (4.6)

Other 41 (95.3)

Score of ECOG, n (%)

0 26 (60.5)

1 14 (32.6)

2 3 (7.0)

Patients have been recruited from 3 Italian investigational sites 
(Istituto Tumori Giovanni Paolo II in Bari, Verona University 
Hospital in Verona and Fondazione Policlinico Universitario A. 
Gemelli in Roma). SD, standard deviation; IQR, interquartile 
range; COPD, chronic obstructive pulmonary disease; ILD, 
interstitial lung disease. ECOG, Eastern Cooperative Oncology 
Group.

Table 2 Radiographic and procedural characteristics

Characteristics Total (N=40)

Size of lesion (mm)

Mean ± SD 38±27

Median [IQR] 29 [17–51]

Range 10–124

Depth of lesion from skin (cm)

Mean ± SD 6±3

Median [IQR] 5 [4–7]

Range 2–15

Amount of BioGlue® used (mL)

Mean ± SD 1.45±1.09

Median [IQR] 1 [0.7–2]

Range 0.17–5

Location of biopsy procedure, n (%)

Day hospital 4 (10.0)

Hospital 36 (90.0)

Type of MIPP kit device, n (%)

MIPP-KIT-PNX10 33 (82.5)

MIPP-KIT-PNX15 7 (17.5)

Caliber of MIPP kit device, n (%)

17G 38 (95.0)

18G 2 (5.0)

Type of BioGlue®, n (%)

BioGlue®2ML 34 (85.0)

BioGlue®5ML 6 (15.0)

Lesion location, n (%)

Right upper lobe 15 (37.5)

Right lower lobe 12 (30.0)

Left upper lobe 5 (12.5)

Left lower lobe 5 (12.5)

Middle lobe 3 (7.5)

SD, standard deviation; IQR, interquartile range.

“Pre-Glue” complication or “Post-Glue” complication 
were 44±30, 71±111 or 68±31 min respectively (Table 4). 
The MIPP-Kit-PNX15 was used in 2 (66.7%) “Post-
Glue” complications, whereas the MIPP-Kit-PNX10 was 

used in most of “Pre-Glue” complications and most of the 
procedures not showing any complications (P=0.041, Chi-
Square test) (Table 4). No statistically significant associations 
were found in any analyses; a trend was present for depth of 
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lesion (P=0.08, ANOVA test) (Table 4).

Evaluation of MIPP-Kit PNX impact on investigational 
site costs

After PLB procedures the investigators were interviewed 
about the usability of the investigational device. All of them 
considered the MIPP-Kit PNX system suitable for the 
correct completion of the procedure. 

To evaluate the cost impact of the device, patient 
hospitalization duration after the biopsy procedure was 
considered. Overall, the mean of post-biopsy hospitalization 
days was 10±7 days (median value 8 days; IQR, 6–13 days) 
in Bari, 6±10 days (median value 2 days; IQR, 0–33 days) 
in Verona, and 2±1 days (median value 2 days with IQR: 
2–2 days) in Roma (Table 5). When we considered only 
patients with “Post-Glue” complications, the mean value 
of hospitalization days was 21±11 in Bari, while patient 
1 in Verona was hospitalized for 8 days. No patient was 
hospitalized with “Post-Glue” complications in Roma site.

Discussion

PLB is considered a safe and effective method to obtain 
a diagnosis in patients with lung masses, but is charged 
by a sizeable number of complications that have financial 
implications for any public/private health system. The 
MIPP Kit PNX, a new medical device able to inject a 
surgical adhesive (such as BioGlue®) at the end of CT-
guided thoracic biopsy procedures, can be a new promising 
tool able to reduce the risk of PLB-related PNX, 
hemorrhage or other complications.

In this multicenter, open-label, single-arm trial the 
complications occurring after glue administration at the 
end of PLB and within 48 h from the procedure were 
analyzed. Considering the 40 enrolled patients, a total of 
3 (7.5%, 95% CI: 0.0–15.7%) “Post-Glue” complications 
were observed: two patients presented with minor PNX 
(5.0%, 95% CI: 0.0–12.7%), while one patient reported 
pulmonary hemorrhage (2.5%, 95% CI: 0.0–7.3%); no 
embolism or other complications were reported. This 
result, although obtained in an open label, single-arm 
study, provides initial and promising evidence of efficacy 
of the device under investigation in preventing clinically 
significant complications after lung biopsy. Indeed, a 
comparison between these results and those obtained in 
the large recent meta-analysis by Heerink et al. (6), shows 
that the risk of complications for both FNA (24.0%, 95% 
CI: 18.2–30.8%) and CB (38.8%, 95% CI: 34.4–43.5%) is 
higher than the risk observed in this study, for which the 
upper 95% CI limit is 15.7%. Similar conclusions can be 
reached considering also the review by Khan et al. (37).

In the last years, some medical devices with sealant-
based mechanism of action were tested to reduce the PLB-
related complications, with encouraging results. In 2017, 
Ahrar et al. (38) reported the results of a retrospective study 
comparing 318 patients who received BioSentry™ (a self-
expanding tract sealant device) during PLB, with 1956 
patients who did not. Chi-square contingency matched pair 
analysis showed that the treated group had significantly 
lower PNX (20.8% vs. 32.8%) and chest tube rates 
(8.2% vs. 20.8%), compared to controls. Zaetta et al. (23) 
evaluated the ability of an expanding hydrogel lung biopsy 
tract plug to reduce the rates of pneumothoraces and other 
complications during CT-guided lung biopsy. Compared 
with control subjects, treatment subjects had fewer 
pneumothoraces (18% vs. 31%), fewer chest tubes placed 
(4% vs. 11%), and fewer post-biopsy hospital admissions 
(9% vs. 14%). Petsas et al. (39) used fibrin glue as a 
sealant in 26 patients following PLB. PNX developed in 5 
patients (19.2%) of the glue-treated group; in one instance, 
drainage was required (3.8%). In the control group, PNX 
was observed in 13 patients (40.6%) and in six instances 
(18.8%) drainage was required; the difference in chest-tube 
drainage was statistically significant between the two groups 
(P<0.025).

Even if this clinical investigation is a hypothesis-
generating one according to its design, the effect of the 
MIPP-kit PNX device, in association with a surgical 
sealant, in preventing and/or reducing the incidence of 

Table 3 “Post-Glue” complications

Variables Total (N=40)

Number of “Post-Glue” complications within 
48 h from biopsy procedure, n (%)

3 (7.5)

95% confidence interval 0.0–15.7

Pneumothorax, n (%) 2 (5.0)

95% confidence interval 0.0–12.7

Pulmonary hemorrhage, n (%) 1 (2.5)

95% confidence interval 0.0–7.3

Embolism, n (%) 0 (0.0)

Other, n (%) 0 (0.0)
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post-lung biopsy complications compares favourably 
with the previous ones, and was achieved with a low 
incidence of adverse events and a great sense of investigator 
satisfaction, emphasizing how promising this preliminary 
data is. Moreover, in a prospective and logical projection, 
it could be likely associated with a sizeable healthcare 
cost impact, a measure of which can be deduced from 
the data presented by Lokhandwala et al. (40). Using 
retrospective MEDICARE administrative claims data on 

8,979 lung cancer diagnoses in patients with an abnormal 
CT scan, PLB-related AEs were reported in 19% of 
patients undergoing a PLB, with an average cost/patient 
of $37,745±60,129 (median: $14,824); this represented 
a 4-fold increase with respect to patients without AEs 
($8,869±15,312, median: $2235).

In the present  tr ia l ,  pat ients  with “Pre-Glue” 
complications (35%) did not experience any “Post-Glue” 
complications, suggesting a potential effect of the device 

Table 4 Type of complications by ECOG score, type of device, caliber of device, location of biopsy procedure, depth of lesion from skin and 
biopsy procedure duration

Variables No complication (N=23) “Pre-Glue” complication (N=14) “Post-Glue” complication (N=3) P† P‡

ECOG score, n (%) 0.79 0.70

0 13 (56.5) 8 (57.1) 2 (66.7)

1 9 (39.1) 4 (28.6) 1 (33.3)

2 1 (4.4) 2 (14.3) 0 (0.0)

Type of device, n (%) 0.041 0.76

MIPP-KIT-PNX10 21 (91.3) 11 (78.6) 1 (33.3)

MIPP-KIT-PNX15 2 (8.7) 3 (21.4) 2 (66.7)

Caliber of device, n (%) 0.46 0.71

17G 21 (91.3) 14 (100.0) 3 (100.0)

18G 2 (8.3) 0 (0.0) 0 (0.0)

Location of biopsy procedure, n (%) 0.72 0.85

Day hospital 2 (8.7) 2 (14.3) 0 (0.0)

Hospitalized 21 (91.3) 12 (85.7) 3 (100.0)

Depth of lesion from skin (cm) 0.84 0.08

Mean ± SD 6±2 5±3 7±3

Median [IQR] 6 [4–8] 5 [4–5] 7 [4–9]

Min-Max 3–10 2–15 4–9

Biopsy duration (min) 0.30 0.66

Mean ± SD 44±30 71±111 68±31

Median [IQR] 30 [21–65] 35 [25–70] 75 [34–95]

Min-Max 15–130 14–445 34–95

Size of lesion (mm) 0.39 0.82

Mean ± SD 43±27 29±25 43±30

Median [IQR] 43 [20–55] 19 [14–31] 36 [18–76]

Range 10–124 12–85 18–76
†, P value from Chi-Square test for ECOG score, type of device, caliber of device and location of biopsy procedure. P value from ANOVA 
model for mean value of depth of lesion from skin, biopsy duration and size of lesion; ‡, P values from multivariate ANOVA model. ECOG, 
Eastern Cooperative Oncology Group; SD, standard deviation; IQR, interquartile range.
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in the prevention of such complications from worsening/
recurring, despite the high risk inherent in such patients. 
In addition, the “Pre-Glue” complication rate was quite 
higher (35%) than the one observed “Post-Glue” (7.5%) in 
the most conservative analysis. This finding is at variance 
with what has been shown in two studies performed at a 
single institution, in which the incidence of early and late 
complications, comparable to “Pre-” and “Post-Glue” 
complications, were assessed in two cohorts of 388 and 594 
patients, respectively (41,42). In fact, while the incidence of 
early and late complications, overall and with reference to 
PNX, was rather similar in these studies, the “Post-Glue” 
complications shown in the present study had a much lower 
incidence and were not occurring in patients with previous 
“Pre-Glue” complications (theoretically at a higher risk of 
developing post-operative complications). Even if indicative, 
in the last years prior to the study, PLB procedures at two 
investigational sites were associated with PNX in 18–20% 
of cases (unpublished data), with PNX requiring drainage 
and increasing post-biopsy hospitalization in 7%.

The current trial has some limitations. Its open-label, 
single-arm design was used to collect initial safety and 
performance evidence of the MIPP Kit PNX device in 
the PLB setting, without formal sample size calculations; 
its promising results, however, will be used to adequately 
power future controlled trials with a larger number of 

subjects. Another limitation of this study is the absence 
of a thorough cost-impact analysis of the MIPP Kit PNX 
in clinical practice; at any rate, its preliminary results 
suggest a potential economical benefit of the MIPP Kit 
PNX to reduce the post-biopsy procedure complications, 
hence potentially minimizing their correlated healthcare 
costs. Future pharmacoeconomic studies are needed for a 
complete evaluation of such an economical impact.

Conclusions

In conclusion, the data from our multicenter, open-label, 
single-arm study support the use of MIPP kit PNX, in 
association with a surgical sealant such as BioGlue®, as 
safe and effective in the prevention of post-lung biopsy 
complications; these promising preliminary results warrant 
further confirmation in larger clinical trials.
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