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Background: Indwelling pleural catheters (IPCs) are
frequently used for the management of malignant pleural
effusions (MPEs), but drainage can be impaired by
pleural loculations. We aimed to evaluate the safety and
effectiveness of intrapleural tissue plasminogen activator
(tPA) versus combination tPA-deoxyribonuclease
(DNase) in the treatment of loculated MPE.

Methods: We performed a retrospective review of
patients with confirmed or presumed MPEs requiring
IPC insertion. We compared the efficacy of intrapleural
tPA, tPA-DNase, and procedural intervention on
pleural fluid drainage. Secondary endpoints included
the need for future pleural procedures (eg, thoracent-
esis, IPC reinsertion, chest tube insertion, or surgical
intervention), IPC removal due to spontaneous pleu-
rodesis, and IPC-related complications.

Results: Among 437 patients with MPEs, loculations
developed in 81 (19%) patients. Twenty-four (30%)
received intrapleural tPA, 46 (57%) received intra-
pleural tPA-DNase, 4 (5%) underwent a procedural
intervention, and 7 (9%) received ongoing medical
management. tPA improved pleural drainage in 83% of
patients, and tPA-DNase improved pleural drainage in
80% of patients. tPA alone may be associated with
increased rates of spontaneous pleurodesis compared
with tPA-DNase. There was no difference in
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complications when comparing tPA, combination
tPA-DNase, procedural intervention, and no therapy.

Conclusion: Both intrapleural tPA and combination
tPA-DNase appear to be safe and effective in improv-
ing pleural fluid drainage in selected patients with
loculated MPE, although further studies are needed.
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catheter, lung cancer
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M alignant pleural effusions (MPEs) are a
common cause of morbidity, with an
annual incidence of over 150,000 cases in the
United States alone.! Indwelling pleural catheters
(IPCs) have emerged as a first-line intervention
option for symptomatic MPE.? Increased pro-
coagulant and decreased fibrinolytic activity in
malignant pleural diseases lead to excessive fibrin
deposition and formation of pleural septations, a
mechanism similar to that seen in para-
pneumonic effusions and tuberculous pleurisy.?*
This can complicate drainage of the pleural
space, leaving the patient with disabling dyspnea.

Three randomized trials with moderate
sample sizes (ranging from 40 to 71 patients)
have demonstrated that intrapleural instillation
of fibrinolytics in patients with MPEs results in
improved radiographic appearance following
instillation.>” The use of combination tissue
plasminogen activator (tPA) and deoxyribo-
nuclease (DNase) in the treatment of loculated
MPE, however, has not been well studied due to
theoretical concerns of pleural hemorrhage.
Pleural malignancy stimulates the formation of
new blood vessels, which can be friable and
increase the risk of bleeding.® Combination tPA-
DNase has been used successfully for the treat-
ment of loculated pleural infections. A landmark
trial in 2011 showed that combination therapy
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improved the radiographic appearance of effu-
sions, decreased surgical referrals, and decreased
hospital length of stay compared with placebo,
with no difference in adverse events.” One ret-
rospective review of 21 patients with symptom-
atic loculated MPE and nondraining IPC or chest
tube demonstrated that combination tPA-DNase
resulted in improved radiographic appearance of
MPEs, increased pleural fluid drainage, and
improved dyspnea scores with no noted pleural
bleeding.!? However, this study did not provide a
control arm. The role of combination intra-
pleural tPA-DNase for loculated MPE is the
subject of an upcoming small clinical trial.!!

Given the lack of definitive data surrounding
the treatment of loculated MPE, patients in our
clinic have been variably treated with tPA or
combination tPA-DNase (off-label) or in some
cases, procedural intervention. We aimed to
review patients with loculated MPEs to evaluate
the safety and effectiveness of intrapleural tPA
versus combination tPA-DNase in the treatment
of loculated MPE:s.

METHODS

Patient Population

Our tertiary care center has established a
specialized pleural effusion clinic that includes
interventional respirologists, thoracic surgeons,
and specialized nurse practitioners. We per-
formed a retrospective single-center review of
patients with confirmed or presumed MPEs
requiring IPC insertion by a physician associated
with our pleural effusion clinic. Patients who had
their IPCs inserted between November 1, 2012,
to December 31, 2018, were considered for
enrollment, and data were extracted up to
December 31, 2019. Patients were included if
they developed significant pleural loculations,
defined as a nondraining IPC with loculations
that were verified on bedside ultrasound asso-
ciated with significant respiratory symptoms.
This study was approved by the University of
Alberta Research Ethics Board (Pro00108928).

Procedures

Patients at our pleural effusion clinic are
followed by physicians and nurse practitioners
until IPC removal or death. A follow-up chest
x-ray and clinical assessment occurs 2 weeks after
IPC insertion and every 3 months thereafter.
Procedures are performed in an outpatient set-
ting. Nondraining IPCs with significant pleural
effusion and loculations are initially flushed with
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saline. If unsuccessful, patients are presented with
the options of intrapleural fibrinolytic therapy
(tPA or combination tPA-DNase), procedural
intervention (thoracentesis, replacement of the
IPC, or surgical intervention), or conservative
medical management. The choice between tPA
and tPA-DNase (usually 10 and 5mg, respec-
tively) is left to the discretion of the treating
physician. In some cases, the physician may
suggest procedural intervention, for example, if
the complexity of the pleural space may render
fibrinolytic therapy futile or if the current IPC
does not access the dominant fluid pocket. The
final therapeutic decision is ultimately deter-
mined by the treating physician in consultation
with the patient, following a discussion of the
benefits and risks of each option, considering
comorbidities, the success of prior therapies, and
patient preference.

Outcomes

The primary outcome was an improvement in
respiratory symptoms, or if this was not docu-
mented, an increase in IPC drainage volume or
decrease in pleural effusion on subsequent chest
x-ray was used as a surrogate. Secondary
endpoints included repeat pleural procedures
(eg, thoracentesis, IPC reinsertion, chest tube
insertion, or surgical intervention), IPC removal
due to spontaneous pleurodesis, and IPC-related
complications including pleural infection, skin
infection, hemorrhage requiring transfusion,
catheter tract metastasis, IPC-related hospital-
ization, and IPC-related death. As a tertiary
objective, we also aimed to characterize the nat-
ural history, prognosis, and complications of IPCs
and pleural fluid loculations.

Statistical Analysis

We summarized the demographic and clin-
ical characteristics of patients with symptomatic
loculated MPEs using descriptive statistics. For
the primary outcome, we constructed frequency
tables based on each intervention and used
bivariate logistic regression to estimate the odds
ratio with associated 95% confidence intervals of
each intervention compared with tPA as the ref-
erence. For the secondary outcomes of pleurod-
esis, repeat procedure, and complications, we
conducted survival analysis using cumulative
incidence functions with death as a competing
risk. Patients were censored if they did not meet
the outcome of interest or death by the end of the
study period. We then used the Fine-Gray sub-
distribution hazard model to estimate the hazard
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TABLE 1. Characteristics of Patients With Loculated Nondraining IPCs

n (%)
Characteristics Total No Intervention tPA tPA-DNase Procedural Intervention
N 81 7 24 46 4
Age at first IPC insertion (mean* SD) (y) 65%13 719 6112 66+ 14 57+8
Female 50 (62) 3 43) 14 (58) 30 (65) 3 (75)
30+ pack-year smoking history 29 (36) 1(14) 9 (38) 17 (37) 2 (50)
Malignancy diagnosis
Lung malignancy 41 (51) 3 (43) 14 (58) 23 (50) 1 (25
Breast malignancy 22 (27) 2 (29) 7 (29) 11 (24) 2 (50)
Gastrointestinal malignancies 4 (5) 2 (29) 0 (0) 2 4) 0 (0)
Gynecologic/peritoneal malignancies 4 (5) 0 (0) 14) 3(7) 0 (0)
Renal/urothelial malignancies 4 (5) 0 (0) 14) 24) 125
Other* 6 (7) 0 (0) 14 511 0 (0)
Right-sided effusion 35 (43) 5(71) 12 (50) 17 (37) 125
Positive pleural cytology/biopsyt 55 (77) 4 (57) 15 (83) 32 (76) 4 (100)
IPC placed percutaneously 77 (95) 6 (86) 22 (92) 46 (100) 3 (75)
Treatment received during IPC
Chemotherapy 24 (30) 2 (29) 10 (42) 11 (24) 1 (25)
Immunotherapy 10 (12) 1 (14) 52D 3(7) 1(25)
Targeted therapy 17 (21) 2 (29) 521 9 (20) 1 (25)
Hormonal therapy 6 (7) 2 (29) 0 (0) 4(9) 0 (0)
Chest radiation 10 (12) 0 (0) 3(13) 6 (13) 1 (25)
Complications
Any complication 14 (17) 0 (0) 4 (17) 10 (22) 0 (0)
Hemorrhage requiring transfusion 1(1) 0 (0) 0 (0) 1 (2) 0 (0)
Pleural infection 709) 0 (0) 14 5(11) 1 (25
Skin/soft tissue infection 10 (12) 0 (0) 2(8) 7 (15) 1(25)
Catheter tract metastasis 34) 0 (0) 0 (0) 3(7) 0 (0)
IPC-related ER visit/hospitalization 6 (7) 0 (0) 2 (8) 49 0 (0)
IPC-related death 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
IPC final outcome
Removed for autopleurodesis 19 (23) 0 (0) 10 (42) 8 (17) 1 (25
Removed for nondraining loculations 25 (31) 5(71) 3 (13) 15 (33) 2 (50)
Removed for other reasons§ 10 (12) 1(14) 51 409 0 (0)
Dead with IPC in situ 27 (33) 1 (14) 6 (25) 19 (41) 1 (25)
Mortality 68 (84) 6 (86) 19 (79) 40 (87) 3 (75

*QOther malignancies included mesothelioma (n=3), sarcoma (n=2), and hematologic malignancy (n=1).

TAvailable for n=71.

1IPCs were placed either percutaneously (noninvasively at bedside) or via video-assisted thoracoscopic surgery.
§Other reasons included no symptom benefit, malfunction or migration, complications, other.

ER indicates emergency room; IPC, indwelling pleural catheter.

ratio and associated 95% confidence intervals of
each intervention compared with tPA as the ref-
erence. For patients who had multiple IPCs
during the study period, only the first IPC with
loculations was included. All analyses were per-
formed using SAS 9.4 software. Statistical sig-
nificance was defined as P-value <0.05 for all
analyses.

RESULTS
A total of 437 patients with MPEs were
identified, and 515 IPCs were inserted. The rate
of spontaneous pleurodesis in our cohort was
30%. The rate of any complication was 7%,
including skin/soft tissue infection in 4%, pleural
infection in 3%, and IPC-related emergency room
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(ER) visit or hospitalization in 2%. Mortality at
the end of the study period was 86%.

Eighty-one (19%) patients developed symptom-
atic loculated effusions with nondraining IPCs.
Among these patients, 24 (30%) received intrapleural
tPA, 46 (57%) received tPA-DNase, 4 (5%) had a
repeat pleural procedure, and 7 (9%) had no pleural
intervention. A summary of clinical and demo-
graphic data for patients with loculated MPE is
provided in Table 1. Of the patients that received
tPA monotherapy, only 3 were on anticoagulant
therapy. The median number of doses was 1, the
mean number of doses was 1.53, and up to 6 doses
were administered. Among the patients who received
a procedural intervention, 2 underwent thoracentesis,
1 received a chest tube, and 1 underwent thoracic
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TABLE 2. Outcomes of Patients With Loculated Nondraining Indwelling Pleural Catheters

tPA tPA+DNase Procedural Intervention No Therapy

Total 24 46 4 7
Improved drainage*

n (%) 20 (83) 35 (80) 3(75) 0 (0)

OR (95% CI) Reference 0.82 (0.23-2.92) 0.51 (0.05-5.53) 0.02 (<0.001-0.37)
Repeat proceduret

n (%) 4 (17) 12 (26) 2 (50) 3 (43)

HR (95% CI) Reference 1.54 (0.48-4.89) 3.90 (0.65-23.58) 2.80 (0.63-12.35)
Autopleurodesis

n (%) 11 (46) 9 (20) 1 (25) 0 (0)

HR (95% CI) Reference 0.36 (0.15-0.84) 0.48 (0.06-3.79) 0
Any complication

n (%) 4 (17) 10 (22) 0 (0) 0(0)

HR (95% CI) Reference 1.30 (0.41-4.16) 0 0

*Unavailable outcome data for 2 patients.

tProcedures included thoracentesis, chest tube/indwelling pleural catheter insertion, or thoracic surgery.
CI indicates confidence interval; DNase, deoxyribonuclease; HR, hazard ratio; OR, odds ratio; tPA, tissue plasminogen activator.

surgery. Table 2 outlines the safety and efficacy of
tPA-DNase, procedural intervention, and no therapy
compared with tPA as the standard.

Efficacy of Intrapleural Therapy

Intrapleural tPA, tPA-DNase, procedural
intervention, and no therapy was effective in
83%, 80%, 75%, and 0% of patients, respectively
(Table 2). Two patients who received intrapleural
tPA-DNase were excluded from analysis due to
unavailable outcome data. Of patients in whom
intervention was effective, 41% had documented
improvement in breathlessness and/or other res-
piratory symptoms, whereas in 59% improved
drainage volume or chest x-ray appearance was
used as a surrogate marker of efficacy. Intra-
pleural tPA, tPA-DNase, or procedural inter-
vention all resulted in improvements compared
with no therapy, however, neither tPA-DNase
nor procedural intervention was associated with
improved drainage compared with tPA.

Secondary Outcomes

Repeat pleural procedures were required in
17%, 26%, 50%, and 43% of patients in the tPA,
tPA-DNase, procedural intervention, and no
therapy groups, respectively (Table 2). These
included thoracenteses, chest tube insertion,
reinsertion of an IPC, or surgical intervention.

Spontaneous pleurodesis resulting in catheter
removal occurred in 46% of patients treated with
tPA versus 20% of patients treated with tPA-
DNase (hazard ratio=0.36, 95% confidence
interval: 0.15-0.84; Table 2). Among patients
who achieved pleurodesis, median time to pleu-
rodesis was 30 days following first fibrinolytic
instillation in the tPA group versus 34 days in the

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

tPA-DNase group. Pleurodesis did not occur in
any patients in the no therapy group and in only
1 patient in the procedural intervention group
following thoracic surgery with placement of a
new IPC.

There was no difference in total complica-
tions when comparing tPA versus tPA-DNase
(Table 2). In particular, only 1 patient, who was
on rivaroxaban for atrial fibrillation, received
tPA-DNase and subsequently developed a
hemothorax requiring transfusion. There were no
IPC-related deaths. Skin/soft tissue infections and
pleural infections developed in 12% and 9% of
patients who had loculated MPEs, compared
with 4% and 3% in our total cohort. Overall, 7%
of patients with loculated MPE had an IPC-
related ER visit or hospitalization, compared
with 2% in our total cohort.

DISCUSSION

Patient demographic and clinical data,
including age, sex, and underlying cancer diag-
nosis, were grossly similar in our cohort com-
pared with those reported in contemporary
studies.”!>!3 Loculations developed in 19% of
patients in our cohort, which is similar to recent
cohorts as well.7-13-13

Our data demonstrate that IPCs and intra-
pleural fibrinolytic therapy are safe with low
complications rates and no IPC-related deaths in
our highly selected patient population.”!%13 The
somewhat higher complication rate among
patients with loculated MPE appears to be driven
by infections and ER visits/hospitalizations. The
former is likely related to the predilection of
pleural infection to form loculations, and the
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latter seems unsurprising given loculations impair
IPC drainage, which may increase symptom
burden and result in a hospital visit. Importantly,
the rate of significant hemorrhage (defined as
those requiring transfusions) following intra-
pleural tPA or tPA-DNase administration was
low and not increased compared with those who
did not receive any therapy.

Overall, 9% of patients with IPCs complicated
by significant loculations did not receive any
intrapleural therapy, despite benefit noted in prior
studies. Most of these instances occurred earlier on
in our cohort when tPA use had not yet become
widespread practice. Given that both tPA or tPA-
DNase appeared to be associated with a decreased
need for future pleural procedures compared with
no therapy, it may be reasonable to trial tPA or
tPA-DNase before proceeding to further proce-
dural interventions, particularly given both have
an acceptable safety profile. In our cohort, up to
6 doses of fibrinolytics were administered with
ongoing benefit.

In our center, the use of tPA was associated
with higher rates of spontaneous pleurodesis
compared with tPA-DNase. The reason for this
discrepancy is unclear. Given this was a retro-
spective study and the choice of intrapleural
therapy was left to the discretion of the treating
physician, there may be an inherent selection bias
to the cohort of patients that received a particular
treatment, though it did not appear to be solely
related to anticoagulation. Alternatively, this
could be a spurious result due to small sample size.
In the MIST?2 trial of intrapleural tPA-DNase for
the treatment of empyema, authors postulated
that DNase was required to cleave free extrac-
ellular DNA and other bacterial components,
reducing fluid viscosity and thus permitting pleu-
ral clearance by fibrinolytic drugs.” MPEs have a
far lower burden of extracellular DNA, reducing
the need for DNase.!®

There are several limitations to this study,
most notably its retrospective nature and small
sample size, in particular for patients treated
with repeat procedures. There was no formal
protocolized manner in which a particular
intervention was selected outside of standard
risk-benefit discussion between physicians and
patients, which increases the potential for
selection bias. Our combined primary outcome
of increased drainage, decreased dyspnea, or
improved chest x-ray was broadly defined given
the retrospective nature of our study. We did
not correct for multiple comparisons, and could
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not control for confounders that may poten-
tially affect outcome (eg, malignancy subtype,
pleural fluid parameters) given the small sample
size and retrospective design. However, this
study has several strengths. It is the largest
review of patients who received tPA-DNase for
loculated MPE and the first to compare intra-
pleural tPA-DNase to tPA monotherapy or no
therapy.

In conclusion, there was no difference
between tPA versus combination tPA-DNase on
pleural drainage in patients with nondraining
IPCs due to pleural loculations, though both
improved drainage compared with no therapy.
Both intrapleural tPA and combination tPA-
DNase were safe in a selected population, with
low risk for complications including pleural
hemorrhage. Overall, our data supports a trial of
either tPA or combination tPA-DNase for locu-
lated MPE, although tPA alone may be suffi-
cient. Given this was a retrospective single-center
study with limited sample size, further pro-
spective studies are needed to characterize the
optimal management of nondraining IPCs.

REFERENCES

1. American Thoracic Society. Management of malignant
pleural effusions. Am J Respir Crit Care Med. 2000;162:
1987-2001.

2. Feller-Kopman DJ, Reddy CB, DeCamp MM, et al.
Management of malignant pleural effusions. An official
ATS/STS/STR clinical practice guideline. Am J Respir
Crit Care Med. 2018;198:839-849.

3. Chung CL, Chen CH, Sheu JR, et al. Proinflammatory
cytokines, transforming growth factor-betal, and fibri-
nolytic enzymes in loculated and free-flowing pleural
exudates. Chest. 2005;128:690-697.

4. Idell S, Girard W, Koenig KB, et al. Abnormalities of
pathways of fibrin turnover in the human pleural space.
Am Rev Respir Dis. 1991;144:187-194.

5. Okur E, Baysungur V, Tezel C, et al. Streptokinase for
malignant pleural effusions: a randomized controlled
study. Asian Cardiovasc Thorac Ann. 2011;19:238-243.

6. Saydam O, Karapinar K, Gokce M, et al. The palliative
treatment with intrapleural streptokinase in patients
with multiloculated pleural effusion: a double-blind,
placebo-controlled, randomized study. Med Oncol.
2015;32:612.

7. Mishra EK, Clive AO, Wills GH, et al. Randomized
controlled trial of urokinase versus placebo for non-
draining malignant pleural effusion. Am J Respir Crit
Care Med. 2018;197:502—-508.

8. Banka R, Terrington D, Mishra EK. Management of
septated malignant pleural effusions. Curr Pulmonol
Rep. 2018;7:1-5.

9. Rahman NM, Maskell NA, West A, et al. Intrapleural
use of tissue plasminogen activator and DNase in
pleural infection. N Engl J Med. 2011;365:518-526.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.



J Bronchol Intervent Pulmonol  Volume 30, Number 3, July 2023

tPA-DNase in Loculated MPE

10.

12.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

Rivera-Flores E, Kheir F, Bussy F, et al. Intrapleural
instillation of tPA and DNase for symptomatic loculated
malignant pleural effusion. Am J Respir Crit Care Med.
2017;195:A3553.

. Standiford SB. Combination Tissue Plasminogen Activator

(tPA) and Dornase Alfa (DNase) Administration Through
Intrapleural Catheters for the Treatment of Loculated or
Non-draining Malignant Pleural Effusions NCT02135588
ClinicalTrialsgov. Bethesda, MD: National Institutes of
Health; 2014.

Vial MR, Ost DE, Eapen GA, et al. Intrapleural
fibrinolytic therapy in patients with nondraining indwel-
ling pleural catheters. J Bronchology Interv Pulmonol.
2016;23:98-105.

13.

14.

15.

16.

Thomas R, Piccolo F, Miller D, et al. Intrapleural
fibrinolysis for the treatment of indwelling pleural catheter-
related symptomatic loculations. Chest. 2015;148:746-751.
Van Meter MEM, McKee KY, Kohlwes RJ. Efficacy
and safety of tunneled pleural catheters in adults with
malignant pleural effusions: a systematic review. J Gen
Intern Med. 2011;26:70-76.

Iyer NP, Reddy CB, Whidi MM, et al. Indwelling
pleural catheter versus pleurodesis for malignant pleural
effusions. A systematic review and meta-analysis. Ann
Am Thorac Soc. 2019;16:124-131.

Santotoribio JD, Cabrera-Alarcén JL, Batalha-Caetano P,
et al. Pleural fluid cell-free DNA in parapneumonic pleural
effusion. Clin Biochem. 2015;48:1003-1005.

www.bronchology.com | 243



