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Background: Treatment of pleural infection with instil-
lation of sequential intrapleural tissue plasminogen
activator (tPA) and human recombinant deoxy-
ribonuclease (DNase) twice daily for a total of 6 doses
has been shown to decrease surgical referral and
improve radiographic imaging. This labor-intensive
regimen was empirically chosen. Thus, it remains
unclear whether the 2 drugs can be administered
immediately one after the other (concurrent admin-
istration) instead of instilling them separately with a
1-hour to 2-hour interval in between (sequential
administration). The aim of this study was to compare
the efficacy and safety of sequential versus concurrent
tPA/DNase therapy in patients with pleural infection.

Methods: This was a prospective observational study.
Consecutive patients with pleural infection who received
concurrent and sequential tPA/DNase were included.
The initiation and number of doses of tPA/DNase
therapy were based on the amount of pleural fluid
drainage, clinical response and radiographic findings.

Results: A total of 38 patients with pleural infection
received tPA/DNase treatment: 18 in the sequential
group and 20 in the concurrent group. Treatment was
successful in 77.7% in the sequential group and 75% in
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concurrent group (P = 0.57). There was no statistically
significant difference between the 2 treatment groups
(sequential and concurrent) in median pleural fluid
drainage (P = 0.45), median volume of pleural effusion
estimated on chest computed tomography scan
(P = 0.4) or median hemithorax occupied by effusion on
chest radiography (P =0.83) following intrapleural
therapy. One patient required a blood transfusion for
gradual pleural blood loss in each treatment group.
Pain needing escalation of analgesia affected 3 patients
in each arm but none required cessation of therapy.

Conclusion: A simpler regimen of concurrent admin-
istration of intrapleural tPA/DNase as compared with
sequential intrapleural therapy is safe, effective, and
represents a viable option for the management of
pleural infection.

Key Words: tissue plasminogen activator, deoxyribonuclease,
pleural infection, empyema, complicated parapneumonic
effusion
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leural infection [empyema or complex para-

pneumonic effusion (CPPE)] represents one
of the most common clinical diagnoses encoun-
tered in clinical practice in the United States and
worldwide. The incidence of pleural infection
continues to rise with an annual incidence of
approximately ~65,000 in the United States and
the United Kingdom.! It is associated with sub-
stantial morbidity and mortality as well as
increased hospital costs despite advances in
medical diagnostic and therapeutic strategies.>
The overall mortality of pleural infection
approaches 20% and it is above 30% in elderly
patients over 65 years and immunocompromised
patients.!:3>7

Treatment of CPPE or empyema requires
antibiotics and drainage of the pleural cavity.?
However, approximately 30% of patients have
difficulty draining fluid, because of loculations,
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septations, and increased viscosity of the pleural
fluid.3? In the last few years, intrapleural therapy
with combined tissue plasminogen activator
(tPA) and human recombinant deoxy-
ribonuclease (DNase) have been shown to
improve the chest radiographic appearance,
reduce the need for surgical intervention and
decrease the length of hospital stay in patients
with pleural infection.’~!3 However, the optimal
administration (concurrent or sequential) and
duration of intrapleural therapy remains unclear.
In the randomized controlled Multi-Center
Intrapleural Sepsis Trial (MIST-2) sequential
tPA (10mg) and DNase (5mg) were instilled
intrapleurally twice-daily up to a maximum of 6
doses over 3 days.” Following each medication,
chest tube was clamped for up to 60 minutes to
allow drugs to remain in the pleural space.
However, such protocol is cumbersome for the
medical team, nurses, and patients as it requires
access to the chest tube 4 times per day (max-
imum of 12 in 3d) and lengthens the treatment
time to 3 hours per instillation, making such
regimen difficult to implement in a busy medical
ward. A recent report by our group describes the
findings of a single-arm study using concurrent
tPA/DNase immediately after each other (here-
after referred to as concurrent) in patients with
pleural infection. The safety and effectiveness
were in-line with previously described sequential
tPA/DNase studies.” 13

In this study, we aim to compare the efficacy and
safety of sequential versus concurrent tPA/DNase
therapy in patients with CPPE or empyema.

METHODS

We conducted a prospective observational
study. The study was approved by the institu-
tional review board for data collection and
analysis of Beth Israel Deaconess Medical Center
(IRB 2015P-000034). If patients agreed to
participate, informed consent was obtained.
Consecutive patients who received concurrent
and sequential intrapleural tPA/DNase therapy
for pleural infection were enrolled in the study.
The use of a sequential or concurrent intrapleural
tPA/DNase regime was determined by the treat-
ing physician.

The definition of pleural infection included
empyema and complex parapneumonic effusion,
defined as clinical evidence of infection, such as
fever and/or elevated blood leukocyte count, with
pleural fluid fulfilling one or more of the fol-
lowing characteristics: purulent fluid, pH <7.2
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(measured using a blood gas analyzer), pleural
fluid glucose <60 mg/dL, pleural fluid lactate
dehydrogenase > 1000 IU/L, presence of micro-
organism(s) on gram-stain and/or bacterial
culture.> With ultrasonographic guidance, a chest
tube was inserted into the most dependent area of
the pleural effusion or into the largest loculation
in patients with multiloculated effusions.

Following chest tube insertion, suitability,
and timing of intrapleural tPA/DNase therapy
was determined by the interventional pulmonary
attending on the basis of pleural fluid drainage
(<200 mL within 24h) and radiographic evi-
dence of (1) septations on chest ultrasound (US)
(defined as fibrin strands floating inside the
anechoic/hypoechoic pleural effusions along with
presence of multiple pockets of fluid in the
pleural cavity) and/or (2) loculations on low-dose
chest computed tomography (CT) (defined as a
lobulated shape with a convex border or com-
partmentalized and accumulated in a fissure or a
nondependent portion of the pleura).!41

Per our protocol, chest ultrasound was per-
formed on all patients before initial insertion of a
chest tube for drainage, as well as before and after
each administration of intrapleural fibrinolytic
therapy. In addition, all patients with dry tap or
fluid drainage <200mL in 24 hours underwent
low-dose chest CT 24 hours before the admin-
istration of tPA-DNase to ensure adequate chest
tube position. After completion of treatment, all
patients underwent a second low dose chest CT
within 24 hours after last dose of treatment to
quantify the change in pleural fluid volume.

The dose of DNase (Pulmozyme, Genentech)
was Smg and of tPA (Actilyse, Genentech)
10 mg. Each mixed in 50 mL of 0.9% sodium
chloride solution. The detailed method of tPA/
DNase therapy administration in each group
(sequential and concurrent) has been previously
described.®!! Briefly, for the concurrent group,
tPA and DNase were injected concurrently using
different syringes through the chest tube followed
by a 20 mL saline flush. The chest tube was then
clamped for 60 minutes before being opened to
—20cm H,0 of wall suction. For the sequential
group, tPA was instilled by the chest tube, fol-
lowed by a 30 mL saline flush. The chest tube was
then clamped for 60 minutes, then unclamped
and connected to wall suction at —20 cm H,O,
allowing free drainage for 60 minutes. The same
procedure was then repeated for DNase. In both
groups, therapy was given twice daily for a
maximum of 6 doses.
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Data were collected prospectively for each of
the cases. We reviewed patient demographics,
clinical data on length of hospital stay, pleural
fluid analysis, intrapleural therapy, radiographic
characteristics, and adverse events. Intrapleural
therapy data included: number of chest tubes,
duration of chest tube in pleural cavity (total and
from insertion to first dose of tPA/DNase),
cumulative volume of pleural fluid drained
24 hours before and 24 hours after last dose of
tPA/DNase therapy. Radiographic data reviewed
was change in the volume of pleural effusion on
low-dose chest CT imaging. All adverse events
were registered including pleural bleeding (defined
as drop in serum hemoglobin requiring blood
transfusion or causing hemodynamic instability),
significant pain requiring escalation of analgesia
and 30-day mortality. Treatment success was
defined as radiographic and clinical improvement
without the need for surgical intervention.

The change in the percentage of hemithorax
occupied by effusion was measured on chest
radiographs using a method described previously
in the MIST2 trial.” The pleural effusion volume
was quantified using OsiriX digital analysis pro-
gram (OsiriX Imaging Software, v3.6.1, OsiriX
Foundation, Geneva, Switzerland) reconstructed
from patients’ low-dose chest CT scans as
described previously.'!

Statistical analysis was performed using
STATA version 14.2 (Stata Corp, TX), with a
P-value of <0.05 defined as significant. Results
were expressed as median with interquartile
range (IQR). The Wilcoxon signed-rank test was
used to compare pleural fluid drainage, volume
of pleural effusion on chest CT, and percentage
of hemithorax chest x-ray occupied by effusion
before and after tPA/DNase administration.
Fisher exact test was used to compare treatment
success between the 2 groups. Power calculation
was performed using a noninferiority test for
binary outcomes. A treatment success rate of
96% was assumed based on the MIST 2 trial, to a
power of 80%, significance level of 5%, and a
10% difference cut-off. This resulted in an esti-
mated sample size calculated of 90 patients. An
interim analysis was performed after enrolling
around 40 patients. When the results were
reviewed and analysis of the primary outcome
was undertaken, the study was terminated early
because of no difference between groups.

RESULTS
A total of 38 patients with pleural infection
received tPA/DNase treatment: 18 in the
sequential group and 20 in the concurrent group
(Fig. 1). The baseline demographic and clinical
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Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

improvement improvement
\_ Persistent fever and L Persistent loculation
elevated WBC n=2 n=3

www.bronchology.com | 127

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.



Kheir et al

J Bronchol Intervent Pulmonol  Volume 25, Number 2, April 2018

TABLE 1. Demographic and Clinical Characteristics

n (%)
Sequential Concurrent

Median age (IQR) (y) 62 (55.7, 72.5) 66 (55, 82)
Men 13 (72) 14 (70)
Comorbid cancer diagnosis 4 (22) 4 (20)
Median peripheral leukocyte count (x10°/L) (IQR) 15.3 (10.65,19.85) 14 (12.3, 19.85)
Chest tube size

14 Fr 16 (89) 15 (75)

8 Fr 1 (5 1(5

12 Fr — 1(5

24 Fr 1(5 3 (15)
Ultrasonographic evidence of loculations 9 (50) 12 (60)
Chest tube location—right 11 (61.1) 13 (65)
Positive bacterial Gram’s stain or culture of pleural fluid 4 (22.22) 5(25)
Positive fungal culture 0 (0) 0 (0)
Median pleural fluid percentage of neutrophils (IQR) 85 (54, 96) 92.5(52,97)
Geometric mean pleural-fluid pH 7.1 7.04
Median pleural-fluid glucose (mg/dL) (IQR) 64.5 (12.5, 100) 35 (11,68)

Median lactate dehydrogenase in pleural fluid (IU/L) (IQR)

705.5 (356, 1757) 999 (694,2010)

IQR indicates interquartile range.

characteristics were similar across both groups
(Table 1).

Sequential Group

The median number of doses of tPA/DNase
was 2 (IQR, 1 to 3). One patient completed 6
doses of tPA/DNase without clinical improve-
ment. Therapy was successful in 77.7% (14/18)
patients. Four patients (22.2%) required surgical
intervention. Two patients had persistently locu-
lated effusion on chest CT, one had persistent
sepsis, and one had lung entrapment.

Surgery was performed after a median of
1.5 days (IQR, 1 to 5) following the last tPA/
DNase dose because of lack of clinical improve-
ment and persistence of multiloculated pleural
effusion on chest CT. Fibrinolytic therapy
increased the volume of pleural fluid drained
from a median of 355mL (IQR, 188 to 585)
24 hours before treatment to a median of 730 mL
(IQR, 278 to 1281) 24 hours following therapy.
Median length of hospital stay was 13 days (IQR,
10 to 15) Median time from diagnosis to
administration of intrapleural fibrinolytic ther-
apy was 4 days (IQR, 2 to 6) (Table 2).

Concurrent Group

The median number of tPA/DNase doses was
2.5 (IQR, 2 to 3). Two patients completed 6 doses
of tPA/DNase, both with treatment success.
Therapy was successful in 75% (15/20) of patients.
Five patients (25%) required surgical intervention
after a median of 3 days (IQR, 1.5 to 3.5)
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following the last tPA/DNase dose. Two patients
had no clinical improvement with persistent fever
and elevated white blood count; the other 3 had
persistent loculation on repeat chest CT. Pleural
fluid drainage increased from a median of 250 mL
(IQR, 25 to 500) 24 hours before treatment to a
median of 670 mL (IQR, 300 to 1693) 24 hours
after fibrinolysis. Median length of hospital stay
was 12 days (IQR, 5 to 16) Median time from
diagnosis to administration of intrapleural fibri-
nolytic was 3 days (IQR, 2 to 6) (Table 2).

Treatment Outcomes

There was no statistically significant difference
between the two treatment groups in success
rate (P=0.57), median pleural fluid drainage
(P=0.45), median volume of pleural effusion
estimated on chest CT scan (P=0.4) or median
hemithorax occupied by effusion on chest radiog-
raphy (P =0.83) following intrapleural therapy.

Two patients died in each treatment arm
secondary to pleural infection. All fatalities had
major life-limiting disease or underlying
advanced malignancy and occurred after attempt
of treating the pleural infection with antibiotics
and fibrinolytic therapy. In the sequential group,
one patient had advanced lung cancer whereas
the other had end-stage alcoholic liver cirrhosis
with heart failure. In the concurrent group, one
patient had metastatic hepatocellular carcinoma
whereas the other had endocarditis with multi-
organ failure.
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TABLE 2. Clinical Outcomes

n (%)
Demographic and Clinical Characteristics Sequential Concurrent
Intrapleural therapy with treatment success 14 (77.7) 15 (75)
Median number of doses (IQR) 2(1,3) 2.5(2,3)
Patients who received first dose <24 h after chest tube insertion 10 (55.5) 11 (55)
Median days from presentation to administration of 1st dose of tPA/DNase (IQR) 4 (2,6) 3 (2,6)
Median days from chest tube insertion to 1st dose of tPA/DNase (IQR) 1(1,3) 1(1,4)
Median days of chest tube in pleural cavity 8 (5,10) 6 (4,11)
Median days of hospital stay 13 (10,15) 12 (5,16)
Pain that required escalation of analgesics 3 (16.6) 3 (15)
Hemorrhage that required transfusion 1 (5.5 1(5)
Mortality because of pleural infection 2 (11.11) 2 (10)
Median pleural drainage after therapy (mL) (IQR) 305 (70, 867) 510 (40, 1383)
Median volume reduction in CT (%) (IQR) 39.5 (24,68) 46 (38, 79)
Median reduction in % of hemithorax with effusion (%) (IQR) 13.8 (1, 25) 12.2 (2, 27)

CT indicates computed tomography; tPA/DNase, tissue plasminogen activator/human recombinant deoxyribonuclease; IQR, interquartile range.

Two patients experienced pleural hemor-
rhage that required packed RBC transfusion, one
in the sequential and one in the concurrent
group. Both patients were receiving anti-
coagulation, one for pulmonary embolism and
the other for atrial fibrillation. However, at the
time of intrapleural therapy, both patients had
normal platelets, coagulation profiles, and anti-
coagulation therapy was held during intrapleural
therapy. Chest pain requiring escalation of
analgesia occurred in 6 patients, 3 in the
sequential group and 3 in the concurrent group.
None of them required termination of intra-
pleural therapy.

DISCUSSION

Our data showed that intrapleural instillation
of tPA/DNase either concurrent or sequential for
pleural infection seemed to have comparable
efficacy and safety profile (Table 2). The clinical
success was supported by significant improve-
ments in radiographic clearance, pleural fluid
drainage, and clinical improvement. Treatment
with either the concurrent or sequential methods
was well tolerated. Although the incidence of
complications (bleeding and pain) were com-
parable, small sample size and the overall low
incidence of complication with fibrinolytic ther-
apy, it would be difficult to find differences
between 2 groups.

Even though prior publications show that
sequential intrapleural tPA/DNase therapy for a
total of 6 doses in 3 days in patients with pleural
infection resulted in a significant reduction in
surgical referral and length of hospital stay over
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conventional therapy,” the implementation of
such protocols remains problematic. This is
because of the (1) frequency needed to access
chest tube 4 times per day (maximum of 12 in
3d), (2) significant time commitment needed
from health care providers (nurses and physi-
cians) to administer each therapy, and (3) drug
costs. This will potentially lead to decreased
compliance with a twice daily regimen, as dem-
onstrated by a compliance rate of around 70%
in the MIST-2 trial” and potentially even lower
in real world settings. The complexity of treat-
ment regimens is often associated with poor
adherence,!” in the same manner, simplification
of therapeutic regimens is frequently associated
with improved adherence.

The use of concurrent rather than sequential
therapy offers many advantages in everyday
clinical settings as (1) it decreases the frequency
needed to access chest tube and (2) shortens the
treatment duration per instillation without
affecting success rate or adverse events, making
such a protocol easier to implement. Fur-
thermore, the optimal dose and frequency of
intrapleural fibrinolytic therapy is still unknown.
In the MIST-2 protocol, tPA and DNase doses
and frequency were chosen empirically, and the
optimal dose of tPA required to lyse loculations
remains unclear. Akin to our previous study,'!
the decision to start and guide fibrinolytic
therapy was based upon clinical as well as
radiographic (pleural US or low dose chest CT)
evidence rather than initiated upon admission or
as a rescue therapy.>!” This translated into a
smaller number of required doses (2 in sequential
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and 2.5 in concurrent) per patient. Given the high
cost of tPA/DNase, it may be feasible to guide
the timing and number of doses based on clinical
and radiographic response, leading to fewer
doses and less cost as shown in our previous
study.!!

To our knowledge, this is the first study to
compare consecutive patients presenting with
pleural infection using 2 different methods of
drug administration. Also, our results are gen-
eralizable as we included all patients with
pleural infection, regardless of expected prog-
nosis or comorbidities, thus providing a more
realistic and conservative estimate of safety and
mortality.

The study has several limitations. First,
similar to other studies addressing tPA/DNase
therapy so far, there were no standard criteria for
defining conservative treatment failure, and the
decision of surgical referral was left to the dis-
cretion of the attending physician. Our treatment
success rate in sequential and concurrent groups
was 77.7% and 75%, respectively. This was lower
than other reported studies.”'> A probable
explanation is that our therapy is guided by
pleural US and/or chest CT rather than chest
radiography, the former have a higher sensitivity
to identify small pockets of pleural fluid. In
addition, we have a low threshold for referral to
thoracic surgery given our local expertise and the
fact that video-assisted thoracic surgery (VATS)
is still considered a first-line treatment for pleural
infection refractory to medical management.!8-23
Thus, per our institution protocol a residual
pocket of >200mL on chest CT or US without
clinical response are preferably drained using
VATS early in the course of pleural infection.
This could potentially lead to bias in surgical
referral. Also, perhaps our surgical rate would be
lower (in both groups) if a full regimen was
delivered. Second, our study was a prospective
nonblinded study of a single institution. Future
studies are needed to evaluate optimal admin-
istration of tPA/DNase treatment, minimum
number of doses required and timing of treat-
ment initiation. Also, direct comparative studies
are needed to evaluate VATS or medical thor-
acoscopy with intrapleural therapy in this sub-
group of patients who have failed conservative
treatment. Currently there is an ongoing
randomized clinical trial comparing early medi-
cal thoracoscopy versus intrapleural therapy for
pleural infection (NCT #02973139).
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In conclusion, concurrent intrapleural
tPA/DNase therapy as compared with sequential
therapy in patients with CPPE and empyema
guided by clinical and radiographic response is
comparable in safety and effectiveness. These
findings support the use of a concurrent therapy
in patients with pleural infection.
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