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Abstract

Background: Indwelling pleural catheters (IPC) are increas-
ingly used for management of recurrent (especially malig-
nant) effusions. Pleural infection associated with IPC use
remains a concern. Intrapleural therapy with tissue plasmin-
ogen activator (tPA) and deoxyribonuclease (DNase) signifi-
cantly reduces surgical referrals in non-IPC pleural infection,
but data on its use in IPC-related pleural infection are scarce.
Objective: To assess the safety and efficacy of intrapleural
tPA and DNase in IPC-related pleural infection. Methods: Pa-
tients with IPC-related pleural infection who received intra-
pleural tPA/DNase in five Australian and UK centers were

identified from prospective databases. Outcomes on feasi-
bility of intrapleural tPA/DNase delivery, its efficacy and safe-
ty were recorded. Results: Thirty-nine IPC-related pleural in-
fections (predominantly Staphylococcus aureus and gram-
negative organisms) were treated in 38 patients; 87% had
malignant effusions. In total, 195 doses (median 6 [IQR =
3-6]/patient) of tPA (2.5 mg-10 mg) and DNase (5 mg) were
instilled. Most (94%) doses were delivered via IPCs using lo-
cal protocols for non-IPC pleural infections. The mean vol-
ume of pleural fluid drained during thefirst 72 h of treatment
was 3,073 (SD = 1,685) mL. Most (82%) patients were suc-
cessfully treated and survived to hospital discharge without
surgery; 7 required additional chest tubes or therapeutic as-
piration. Three patients required thoracoscopic surgery.
Pleurodesis developed post-infection in 23/32 of success-
fully treated patients. No major morbidity/mortality was as-
sociated with tPA/DNase. Four patients received blood
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transfusions; none had systemic or significant pleural bleed-
ing. Conclusion: Treatment of IPC-related pleural infection
with intrapleural tPA/DNase instillations via the IPC appears
feasible and safe, usually without additional drainage proce-
dures or surgery. Pleurodesis post-infection is common.

© 2021 S. Karger AG, Basel

Introduction

Pleural effusion can cause breathlessness that is debil-
itating and impairs quality of life. Indwelling pleural cath-
eter (IPC) has been proven to be a useful option for man-
agement of malignant pleural effusion (MPE) and a suit-
able first-line intervention in recent MPE guidelines [1].
IPC has also been used for management of refractory be-
nign effusions [2] and selected cases of chronic empyema
[3]. Despite the increasing use of IPC, concerns regarding
IPC-related pleural infection remain and limit its uptake.

Pleural infection is associated with high morbidity and
mortality [4-8]. When infected, the pleural tissue and flu-
id act as a reservoir for bacteria to multiply and fuel ongo-
ing sepsis. Drainage of the infected pleural fluid is usu-
ally required. This approach alone routinely fails in ap-
proximately 15% and up to 50% of patients are referred
for surgery [4-6, 9, 10]. Combined intrapleural therapy
with tissue-plasminogen activator (tPA) and deoxyribo-
nuclease represents a major advance in pleural infection
management and significantly reduces surgical referrals
[6, 11]. Ongoing research focuses on optimizing the dos-
ing regimen (e.g., de-escalation studies of tPA) of the in-
trapleural therapy, to increase safety and ease of admin-
istration [12, 13].

IPC-related pleural infection is a new entity and is a
recognized complication in 2-12% of patients fitted with
anIPC [14-17]. Typically, the effusion becomes loculated
and fails to drain. Evacuation of the infected fluid is per-
tinent to avoid ongoing sepsis and, rarely, death. Most
patients managed with IPC have advanced malignancies,
are frail from multiple comorbidities and are not ideal
candidates for surgery. An effective non-invasive treat-
ment option, such as intrapleural tPA/DNase therapy,
would be of particular benefit to this cohort.

Published series to date on the use of tPA/DNase in-
cluded mainly patients with community-acquired pleural
infection without underlying pleural diseases. IPC-relat-
ed pleural infection presents a very different setting. First,
patients with non-IPC pleural infection require insertion
of a conventional chest drain through which tPA and
DNase are delivered. IPC has been classically considered

tPA/DNase in IPC-Pleural Infection

a one-way drainage device but has potential to be utilized
for intrapleural drug (e.g., tPA/DNase) delivery in IPC-
related pleural infection although this has not been for-
mally evaluated. Second, patients treated with IPC typi-
cally have underlying pleural cancers with a complex
pleural environment (including tissue thickening and tu-
mor adhesion/septations) and non-expandable lung is
common. Whether tPA/DNase is effective in this setting
remains to be tested. Third, interaction between tPA/
DNase and the pathological (especially malignant) pleu-
ral tissues may pose a different adverse event profile.

Administration of tPA/DNase via IPC to treat IPC-
related infection, if effective, could present a new man-
agement for this cohort and alleviate the need for surgery.
This multicenter retrospective observational review is the
first to interrogate the outcomes of tPA/DNase therapyin
IPC-related pleural infection focusing particularly on its
feasibility, efficacy, and safety.

Materials and Methods

An invitation to submit data was sent to 12 centers with known
expertise in pleural disease and IPC management. Five centers in
Australia (Sir Charles Gairdner Hospital) and the UK (Guys and
St Thomas’, Southmead, Oxford Radcliffe and Queen Elizabeth
University Hospitals) agreed to take part, all with local ethical ap-
proval (online suppl. Table 1; for all online suppl. material, see
www.karger.com/doi/10.1159/0005514643). Individual centers
identified cases from prospective databases over available periods
(online suppl. Table 1).

IPCs inserted for both malignant and benign indications were
included. IPC-related infection was defined as present if:

o the patient had clinical evidence compatible with infection
(e.g., systemic inflammatory response, elevated inflammatory
markers) and

o was treated by the attending team with antibiotics and

o atleast one of the following features in their pleural fluid: fluid
became purulent or was positive on bacterial culture or became
loculated and failed to drain.

Patients with symptomatic loculated effusions (without the
above evidence of infection) requiring fibrinolytics therapy were
not included.

Data were collected regarding baseline patient demographics,
clinical presentation at the time of infection, treatment details in-
cluding starting dose of tPA/DNase (defined as the dose adminis-
tered at the first instillation) and number of instillations, protocol
utilized (e.g., timing of administration of each dose), antibiotics
and therapeutic procedures, and outcomes including surgical re-
ferrals, duration of hospital stay and mortality. Laboratory inves-
tigations including markers of inflammation (white cell count and
C-reactive protein), pleural fluid biochemistry and microbiologi-
cal cultures were recorded where available. Chest x-ray (CXR) was
graded for opacification as per Light et al. [18] as 0 (none), 1
(blunting of costophrenic angle), 2 (<25% of the hemithorax), 3
(25-50%), 4 (50-75%) and 5 (>75% of hemithorax).
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Outcome Measures

Successful treatment was defined as survival to hospital dis-
charge without the need for surgery as per our previous tPA/
DNase studies [11]. The proportion of patients requiring a further
intervention defined as therapeutic aspirate (>200 mL) or inter-
costal catheter insertion was recorded. IPC removal was docu-
mented as removed due to 1) persistent infection; 2) pleurodesis
post-clearance of the infected pleural space; or 3) other reasons.
Clinically relevant re-accumulation of pleural effusion, after re-
moval of IPC, was defined by presence of pleural fluid on imaging
and the need for pleural procedural intervention. CXR grade,
blood leukocyte count and C-reactive protein were collected post-
intervention where available.

Statistical analyses were performed using SPSS v.26 (IBM, Ar-
monk, NY, USA). Descriptive statistics are presented as mean
(SD), median [IQR] and percentages where appropriate. Paired
samples were compared using a paired ¢-test or Wilcoxan signed-
rank test and between groups comparisons were performed using
two-tailed independent t-test or the Mann Whitney test depending
on the normality of the distribution. Multiple group comparisons
were performed using one-way ANOVA with Tukey’s post hoc
test or ANOVA on ranks followed by Dunn’s post-hoc test. Cor-
relations were assessed using the Pearson or Spearman method as
appropriate. Survival analysis was performed by the Kaplan-Meier
method. Significance was defined as p < 0.05.

Results

Baseline Characteristics

Thirty-nine IPC-related pleural infections in 38 pa-
tients (24 were male, mean age 67.2 (SD = 11.7) years)
treated with intrapleural tPA/DNase were included (Ta-
ble 1). Most IPCs (n = 33, 86.8%) were inserted for man-
agement of symptomatic malignant pleural effusion, at a
median of 44 [IQR = 13-138] days following the diagnosis
of MPE. Three IPCs were inserted for recurrent benign
effusions (congestive heart failure) and two for chronic
pleural infection (one with underlying mesothelioma as-
sociated with hydro-pneumothorax, which became in-
fected while a short-term intercostal catheter was in situ).
Non-expandable (trapped) lung was identified in 42.1%
(n = 16) of patients at time of IPC insertion.

Presentation of IPC-Pleural Infection

IPC-related infection occurred at a median of 66
[IQR = 31-130] days post-insertion. Symptoms at ad-
mission with infection included fever (61.5%), dyspnea
(56.4%), chest pain (38.5%) and lethargy (15.4%). Five
(12.8%) patients were on chemotherapy at the time of
presentation.

Appearance of the fluid had changed to purulent in 20
cases (51.3%) and 26 (66.7%) patients reported a decrease
in IPC output. Most (28/39) cases presented with moder-
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Table 1. Baseline demographics of 39 IPC-related infection cases
from 38 patients with a mean (SD) age of 67.2 (11.7) years

Demographics and characteristics n %
Gender, male 24 63.2
Side, right 24 63.2
ECOG
0-1 28 73.6
2-3 8 21.1
Unknown 2 53
Medical comorbidities 38 100
Noncancer 30 78.9
Cancer 34 89.5
Diabetes 3 7.9
Chemotherapy at time of infection 5 12.8
Indication for IPC
Malignant effusion (n = 34) 34 89.5
Mesothelioma 24
Lung cancer 6
Breast cancer 2
Ovarian 2
Nonmalignant effusion (n = 4) 4 10.5
Cardiac 3
Chronic empyema 1
Trapped lung 16 42.1

IPC, Indwelling pleural catheter.

ate-to-large effusion (>25% opacification of the hemi tho-
rax on CXR) and represented an increase from their base-
line post-IPC insertion.

The mean peripheral blood total leukocyte count was
12.5 (SD = 5.1) x 10°/L and median C-reactive protein
was 192 [IQR = 137-302] mg/L which represented a 54
and 640% increase from baseline respectively (p < 0.0001).
Where matched pleural fluid biochemistry results at in-
sertion and infection were available, changes were con-
sistent with significant pleural inflammatory response
(shown in Fig. 1).

Pleural Fluid Microbiology

Culture of pleural fluid was positive for microbes in
most (1 =36, 92.3%) cases. Of the 42 cultured organisms,
the most common were a variety of gram-negative ba-
cilli (n =21, 54%) and Staphylococcus aureus (n=12,31%)
(Table 2). Three cases had polymicrobial infections. Both
of the chronic empyema cases grew gram-negative organ-
isms, though one was culture-negative by the time of
treatment with tPA/DNase. The majority (32 of 39) of
samples were aspirated from the IPC itself only. In 6 cas-
es, a separate “clean” sample was taken via aspiration or
a second chest drain, 4 of which were also culture-posi-
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14, mean 7.31 (SD =0.1) vs. 7.1 (SD =0.3),
p=0.015) and glucose (1 = 20, median 4.95 6,000 * :
[IQR = 3.53] vs. 0.5 [IQR = 3.33] mmol/L, 40
p =0.03) and rise in LDH (n = 21, median
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IU/L, p = 0.005). Pleural fluid protein was S 40007 3 3B
decreased at the time of the infection (n = 4
22, mean 41.2 (SD 8.8) g/dL vs. 33.3 (SD = 20 4 %
9.2) g/dL, p =0.003). (Paired t-test for para-
metric data and Wilcoxan signed-rank test 2,000 s
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consistent with the presence of infection
but can also be a consequence of progres- 0 g -
: . ) L ‘ :
e TP, IPC insertion  Infection IPCinsertion  Infection
dwelling pleural catheter.

tive. The two that were culture-negative were sampled af-
ter at least 72 h of intravenous antibiotics and had previ-
ously grown either abundant staphylococcus aureus or
acinetobacter from the IPC.

Treatment Administered

Intrapleural tPA/DNase therapy was started at a me-
dian of 1 [IQR = 1-3] day after hospital admission for
IPC-related pleural infection. All patients received DNase

tPA/DNase in IPC-Pleural Infection

5 mg in combination with tPA. The median number of
doses of tPA was 6 [IQR = 3-6]. In total, 195 doses of tPA
and DNase were instilled (184 via patients’ IPCs) using
local protocols for non-IPC pleural infections without
need for modifications. The starting dose of tPA varied
and was 10 mg in 12 (30.8%), 5 mg in 12 (30.8%) and 2.5
mg in 15 cases (38.5%). Higher subsequent doses of tPA
were given to 6 patients (3 in each of those who started
with 2.5 and 5 mg) due to inadequate response.

Respiration 2021;100:452-460 455

DOI: 10.1159/000514643

Access provided by the University of Michigan Library

141.215.93.165 - 5/20/2021 5:26:41 AM

Downloaded by:



8,000 [ * ‘
*
1
L ] °
6,000 o
e® °
=
— 9 L
o R
. s
4,000 —
E L4 g° oo L
[ ] . - S 1
® ° I w—
®
- [ ] ol
2,000 : 4
— L
'Y ] oo
°® s
0 T T T T
Overall 10 5 2.5
tPA starting dose, mg

Fig. 2. Cumulative pleural fluid output over the 72 h post-initiation of tPA/DNase. The volume of fluid drained
in the first 72 h was available in 25 patients (mean 3073 mL, SD = 1,685) and was significantly higher in those
receiving a starting tPA dose of 10 mg. The total amount of tPA instilled was 60 mg [median, IQR = 60.0-60.0]
in patients who received a starting dose of 10 mg (n = 7). This was significantly higher than the total amount of
tPA of 30 mg [16.3-37.5] and 10 mg [5.0-18.8] given to the groups who received a starting tPA dose of 5 mg
(n =8) and 2.5 mg (n = 10), respectively (p < 0.05 for both).

The median total amount of tPA administered was 30
mg [IQR = 12.5-52.5] for the entire cohort. Patients who
received a higher starting dose were more likely to receive
a larger total amount of tPA. The median total amount of
tPA instilled was 60 mg [IQR = 37.5-60.0], 30 mg [IQR =
22.5-30] and 12.5 mg [IQR = 5-15] in those started on
10, 5, and 2.5 mg of tPA respectively (p < 0.001, ANOVA
on rank). There were no differences in leukocyte count or
C-reactive protein levels at the time of infection among
the 3 groups.

Apart from the variation in dosing, most participating
units administered tPA/DNase therapy as per the protocol
of the Multicentre Intrapleural Sepsis Trial (MIST)-2 and
twice daily [6]. In brief, tPA was diluted in 30-50 mL of
saline and instilled, after which the IPC was closed for 45-
60 min. The catheter was then opened for drainage. DNase
(diluted in 30-50 mL of saline) was then instilled followed
by closing of the IPC for 45-60 min before allowing free
drainage. Minor protocol alterations were adopted in
some centers, such as simultaneous drug instillation.

Twenty-one cases (53.8%) received 6 doses of tPA/
DNase. Fewer doses were administered in 16 cases, most
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Table 2. Microbiology of organisms cultured from pleural fluid of
IPC-related pleural infections

Category Cultured organism

B

[\

Gram-positive
bacteria

Staphylococcus aureus
Coagulase-negative staphylococci*
Enterococcus

Corynebacterium
Propionobacterium

— = O\

Gram-negative
bacteria

Pseuodomonas spp.*
Klebsiella*
Escherichia coli
Enterobacter*
Serratia
Stenotrophomonas
Acinetobacter
Citrobacter*

Other (unspecified)

e = DN W = W 00

Total

W~
o

IPC, Indwelling pleural catheter. * Organisms involved in poly-
microbial infections.
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commonly due to complete clearance of pleural fluid
(n = 12). Additional doses were given in 2 cases. Seven
(18.0%) patients required a second drainage procedure
during the admission (6 small-bore chest tubes and 1
therapeutic aspiration), despite administration of tPA/
DNase, due to loculated fluid distant from the IPC. Three
of these received additional doses of tPA/DNase via the
chest tube. There was no association between complica-
tions, length of hospitalization or duration of antibiot-
ics and starting dose of tPA. Fluid output within the first
72 h was documented in 25 cases (mean 3073 mL, SD =
1,685) and was significantly higher in those receiving a
starting tPA dose of 10 mg (shown in Fig. 2). The volume
drained correlated with the total amount of tPA (mg) ad-
ministered (r = 0.561, p = 0.004).

All but one patient received intravenous antibiotics,
with piperacillin/tazobactam as the most common choice
(51.3%); one patient received oral antibiotics only. Pa-
tients received a median of 31 [IQR = 22-41] days of an-
tibiotics therapy including intravenous therapy for me-
dian 14 [IQR = 9-25] days.

Outcomes

Successful treatment, defined as survival to hospital
discharge without surgery, was achieved in 32 (82.1%)
cases (95%CI = 66.5-92.5%). Three patients underwent
video-assisted thoracoscopic surgery (VATS) for ongo-
ing infection; all of whom made a full recovery and were
discharged. There were no differences in Outcomes be-
tween those with and without trapped lung. Median
length of stay was 8 [IQR = 6-12] days.

Four (10.5%) patients died during the admission with
pleural infection, including two for whom IPC was in-
serted for management of known chronic empyema.
Those two patients (one with mesothelioma) received 3
doses of tPA/DNase but deteriorated despite appropriate
treatment and were palliated. Another patient who died
had advanced metastatic breast cancer and malignant ef-
fusion. During treatment for the IPC-infection, they de-
veloped malignant ascites causing obstructive nephropa-
thy. Only one dose of tPA/DNase had been administered
when active treatment was withdrawn on the basis of pro-
gressive and extensive malignancy. A 95-year-old patient
with multiple comorbidities and a transudative cardiac
failure effusion was treated with tPA/DNase (6 doses) but
was ultimately palliated.

At the time of censoring, 89.7% had died. This includ-
ed a further patient who, following successful treatment
of the IPC-infection, died from cancer progression 25
days after initial presentation of infection. Overall medi-

tPA/DNase in IPC-Pleural Infection

an survival from the date of admission with IPC-infection
was 247 (95%CI = 96-398) days. At follow up, white cell
count, CRP and chest x-ray grading where available, were
all reduced compared to presentation (shown in Fig. 3).

IPC was removed in 29 (74.4%) cases, most (n = 23)
because of development of pleurodesis following resolu-
tion of the infection. Four were removed due to ongoing
infection (persistent fever or elevated inflammatory
markers), 2 of whom underwent VATS, and 2 catheters
were removed due to blockage not alleviated by flushing,
one of whom underwent VATS and the other had a new
intercostal catheter via which tPA/DNase was adminis-
tered. Seven patients had radiological evidence of re-ac-
cumulation during follow-up, of whom 4 underwent a
repeat procedure: 1 had an attempted aspiration, 1 had an
intercostal catheter insertion followed by talc pleurodesis
and another had a chest tube for a recurrent/persistent
pleural infection post-IPC removal. One patient had a
new IPC inserted into the same pleural cavity upon fluid
re-accumulation 118 days post-first admission with in-
fection. The effusion was culture-negative at the time of
IPC insertion but subsequently (10 weeks later) also be-
came infected (and is included in this cohort).

Complications of tPA/DNase were uncommon and no
systemic bleeding was documented. Four patients, one
post-VATS, received a blood transfusion because of a de-
crease in hemoglobin (median drop 39 [IQR = 31-49]
g/L) ata median of 1.5 [IQR = 0.8-2.3] days following the
last dose of tPA, without hemodynamic compromise; all
were successfully managed conservatively.

Discussion/Conclusion

This multi-center report, within the confines of its ret-
rospective nature, provides the largest cohort data to date
suggesting that intrapleural tPA/DNase therapy may be
used successfully and safely for management of IPC-re-
lated pleural infection. Delivering tPA/DNase via the IPC
was possible in most cases, negating the need for addi-
tional drain insertion for instillation of the drugs. All cen-
ters employ similar tPA/DNase regimens as for non-IPC
pleural infection cases. The majority of patients showed
clinical, biochemical and radiological improvement with
tPA/DNase treatment, in conjunction with antibiotics,
and did not require surgery. Complications associated
with tPA/DNase use via IPC were few and readily man-
ageable. Pleurodesis was common following an IPC-re-
lated pleural infection treated with tPA/DNase therapy
and often allowed removal of the catheter.
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Fig. 3. Change in white cell count (WCC, x10?), C-reactive protein (CRP, mg/L) and chest x-ray (CXR) grading
(graded from 0 to 5 as per Light et al. [18]) from time of admission with IPC-related pleural infection to follow
up. There was a significant decrease in WCC (n = 34) from median 12.2 [IQR = 9.3-15.3] x10%/L to median 9.0
[IQR = 6.5-104] x10°/L and in CRP (n = 33) from median 194 [IQR = 140-305] mg/L to median 23 [IQR = 10-
70] mg/L. CXR grade (n = 33) decreased from median 3 [IQR = 2-4] to median 2 [IQR = 2-3] (Wilcoxan signed-
rank test). ***p < 0.001. IPC, indwelling pleural catheter.

The use of IPC for recurrent, especially malignant, pleu-
ral effusion is growing rapidly worldwide. Pleural infection
is a recognized complication of IPC use and its rate varies
from 2 to 12% in the literature [14-17]. Anecdotally con-
cerns regarding IPC-related infection remain among clini-
cians, as the majority require admission to hospital and a
proportion may be difficult to manage [14]. The corner-
stones of management of pleural infection are evacuation
of the infected pleural fluid and systemic antimicrobial
therapy [19]. In non-IPC pleural infection, surgery is need-
ed in a third of patients who fail chest tube drainage and
antibiotic treatment [4, 5, 9]. Surgery is invasive, costly and
requires recovery time, making it unsuitable for typical
IPC-treated patients who usually have significant comor-
bidities (e.g., advanced cancer) and limited prognoses. The
latest clinical guidelines recommend “treating through”
IPC-related pleural infection with antibiotics and removal
of the catheter only in refractory sepsis [1]. A non-invasive
and safe way to enhance fluid drainage during IPC-related
pleural infection can potentially hasten recovery and will
be particularly beneficial for this patient cohort.

Intrapleural tPA/DNase therapy has been shown in
randomized and cohort studies to successfully cure pleu-
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ral infection in the majority of patients, without needing
surgery, and shorten hospitalization (when compared
with placebo) [6]. These series predominantly included
patients with community- (+hospital-) acquired pleural
infections. No published report has focused on use of
tPA/DNase (especially its feasibility, efficacy and safety)
in IPC-related pleural infection which has key differences
from community-acquired ones.

First, IPCs are designed with a one-way valve that per-
mits drainage of pleural fluid but prohibits intrapleural
migration of external air or fluid. Recently, retrograde in-
stillation of a single dose of talc slurry via IPC has been
shown feasible [16]. Our report is the largest to confirm
the feasibility of repeated dosing of tPA and DNase via
IPC, by using an adaptor that bridges the catheter’s one-
way valve. Delivery of tPA/DNase therapy via IPC fol-
lowed the same local protocols without modification as
their instillation through standard chest drains in our
participating centers. Although the optimal size tube for
pleural infection remains controversial [20], IPCs (15.6Fr
silicon tubes) appear adequate in size to drain infected
fluid, associated debris and the (potentially large) volume
of fibrinolytic-induced pleural fluid [11].
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Second, existing data on efficacy of tPA/DNase main-
ly centers on pleural infection patients without underly-
ing pleural disease. The pleural environment in IPC-re-
lated pleural infection is often more complex. Most IPC
patients have advanced malignant pleural involvement
including pleural thickening (from tumor and/or prior
pleurodesis) and loculation/septations, the latter often
further aggravated by long-term in situ placement of the
catheter. Additionally, the bacteriology of IPC-related in-
fections differs considerably from de novo pleural infec-
tions [14, 21, 22].

Our data provide confidence that tPA/DNase therapy
remains effective in the setting of an infected, IPC-con-
taining pleural cavity. Most patients were treated with
up to 6 doses and made a good recovery without resort-
ing to surgery. The mortality from IPC-related pleural
infection was low in our report, as seen previously, de-
spite the significant comorbidity profile [14, 22]. It is
possible that regular pleural drainage via the catheter
allows early recognition of signs of infected fluid and
minimizes residual fluid in situ. When admitted, the
IPC provides a pre-existing conduit for drainage and
tPA/DNase instillation, avoiding delay in waiting for in-
sertion of a new chest tube. IPC is much longer in length
than usual chest tube and with many more fenestrations
presenting a theoretical advantage in better distributing
treatment drugs around the pleural cavity. Post-infec-
tion pleurodesis, previously observed in other IPC-re-
lated pleural infection series, remained common in our
cohort and was not seemingly affected by the use of tPA/
DNase [14].

Third, our data provide safety information on tPA/
DNase use via IPC, particularly in malignant pleural dis-
ease. Cancer tissues are often prone to vascular hyper-
permeability and bleeding. Prior studies in non-IPC in-
fection suggest that intrapleural tPA/DNase therapy was
not associated with systemic bleeding. Local (pleural)
“bleed,” as defined by a decline in blood hematocrit/he-
moglobin, occurs in a small number of patients and is
generally a result of oozing of blood from vascular leak-
age, without any hemodynamic compromise [11]. Our
results from this IPC-related pleural infection cohort
were similar to reported literature of patients with no un-
derlying pleural diseases/cancers [8]. In particular, there
were no cases of major bleeding.

It should be noted that the dose of tPA used varied in
our series. Although 10 mg was the dose of tPA used in
the original clinical studies [6], ongoing dose de-escala-
tion studies have shown that 5 mg of tPA can be as effica-
cious [12]. Further studies of lower doses are in progress

tPA/DNase in IPC-Pleural Infection

and case reports of doses as low as 1 mg have been pub-
lished [23]. In this small cohort, outcomes were not dif-
ferent among various doses. Pleural bleeding was rare at
all doses of tPA and was managed conservatively in all
cases.

Our study has limitations including those recognized
for a retrospective study. The delivery of the tPA/DNase
therapy was not protocolized. Despite this, all cases were
treated with similar regimens with variations among cen-
ters that reflected the real-life pragmatic nature of the
data. The absence of a control group raises caution in the
interpretation of the findings on efficacy and safety, espe-
ciallyin a population of high comorbidity. As a retrospec-
tive audit only of the IPC-related pleural infection cases,
we did not have data on the number of infection cases not
treated with tPA/DNase. Nonetheless, the high incidence
of success without needing surgery, and low rate of com-
plications, provide reassurance that tPA/DNase can be
trialed in IPC-related pleural infection. Our study pro-
vides a platform upon which prospective comparison tri-
als can build to confirm the benefits.
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