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For almost 70 years, intrapleural ﬁbrinolytic
therapy (IPFT) has been part of the
therapeutic armamentarium to expedite
pleural drainage in patients with empyema
(EMP) and complicated parapneumonic
pleural effusions (CPEs), as recently
reviewed (1). Although we advocate the
continued use of IPFT in adult patients
with pleural infection, loculation, and failed
drainage, a number of controversial
points remain. These include which form
of IPFT to use, the role of combinations
of ﬁbrinolysins with other enzymes, such as
DNase, and the optimal dose and dosing
interval of IPFT.
The previously published literature on
“lone” IPFT (i.e., a ﬁbrinolytic agent
administered alone) suggests that it has
utility in the pediatric population with
pleural infection, but there is controversy
concerning its use alone in adults (1, 2). It is
likely that pediatric pleural infection is a
different clinical entity than adult disease,
with different diagnostic criteria, different
comorbidities, and starkly different
outcomes in adults and children. These
considerations suggest that direct
comparison of the efﬁcacy of IPFT in adult
versus pediatric populations may not be
valid.

Early and small, but well-conducted,
randomized, placebo-controlled trials of the
ﬁbrinolysins, urokinase and streptokinase,
suggested beneﬁt to surrogate outcomes in
adults, such as chest tube ﬂuid output and
favorable radiological change, as recently
reviewed (1). Conversely, the two largest
and adequately powered randomized trials,
MIST (Multicenter Intrapleural Sepsis
Trial) 1 and MIST2, demonstrate clear lack
of utility of the use of intrapleural
ﬁbrinolytic alone compared with placebo in
adults (2, 3). The MIST2 study is the largest
positive randomized trial to date using
intrapleural agents, and demonstrated clear
and clinically important beneﬁts to the use
of combined tissue plasminogen activator
(tPA) and DNase intrapleurally. These
beneﬁts included improved radiological
outcome, along with reductions in
hospital length of stay and need for
surgical referral (2).
These two large studies offer a
consistent message of IPFT alone being
unhelpful in the management of adult
pleural infection, but whether the results of
these trials are generally applicable remains
an open question. There remain several
concerns about these landmark and welldesigned studies that could have impacted

the results. One important concern is that
dosing of ﬁbrinolysins in IPFT in adult
patients has historically been entirely
empiric (1), and was so in these studies
(2, 3). This empiricism derives in large
part from a paucity of evidence-based
guidance and a heretofore poor
understanding about how IPFT is processed
within the pleural compartment. There has
also been a rudimentary understanding
of the variability of innate immune
responses that affect the processing of IPFT
and how such responses impact effective
dosing and pleural drainage. As a result,
administration of IPFT or decisions to use
it instead of early surgery commonly
defaults to local experience and the
reported literature, as recently reviewed (1).
Outcomes of IPFT in patients with EMP/
CPE are also importantly inﬂuenced by a
number of factors, including the expertise
of the clinical team in the management
of these patients (Figure 1). All of these
concerns contribute to the ongoing
uncertainty about the impact of IPFT on
outcomes or costs of care versus surgery.
Although surgery entails additional
invasiveness and costs, these could be offset
by potential reductions in hospital stay.
Insufﬁcient information about the impact
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IPFT Knowns
• IPFT remains part of the therapeutic armamentarium for
EMP/CPE, more consistently improves outcomes in children
• Dosing of IPFT in adults has been and remains empiric
• IPFT offers potential advantages: reduced invasiveness and
morbidity versus surgery
• Outcomes are influenced by the expertise of the clinical
management team

Unknowns
• Selection of patients for surgery remains problematic
• Optimal dosing of fibrinolysins for IPFT
• Optimal IPFT administration schedules
• The effect of inhibitor profile variability on outcomes in
EMP/CPE patients
• Definitive outcome or cost advantages versus surgery
• Interactions between components of current combination IPFT
therapy
• Toxicology of currently used agents: generation of anti-drug
antibodies (ADA) and consequences
Figure 1. The bullets indicate the current status of key issues related to intrapleural fibrinolytic
therapy and are predicated upon the authors’ synthesis of the literature. ADA = anti-drug antibodies;
CPE = complicated parapneumonic pleural effusions; EMP = empyema; IPFT = intrapleural fibrinolytic
therapy.

of IPFT on hospital stay emerged from a
recent meta-analysis (4), so the issue
remains to be resolved.
To our knowledge, no form of IPFT to
expedite pleural drainage in patients with
EMP/CPE has been approved by the U.S.
Food and Drug Administration or other
regulatory agencies. Nor have any good
laboratory practice formal toxicology or
dose escalation safety trials been completed
to inform the use of currently available
regimens. The absence of information
derived from such studies is largely
responsible for the empiricism surrounding
dosing of IPFT in adults. The recently
reported (ADAPTAlteplase Dose
Assessment for Pleural Infection Therapy)
trial of de-escalating doses of tPA combined
with DNase (5) represents a welcome
attempt to address the issue of optimal
IPFT dosing in adults. Such studies are
imperative in lieu of information provided
by the common drug development
sequence of early dose escalation safety
testing followed by efﬁcacy trials. There is
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also information that saline irrigation
ﬂushes can be helpful in cases of EMP/CPE
with failed drainage, suggesting that IPFT
may not be required in all cases of EMP/
CPE (6). Despite these limitations, the
predicate for the use of IPFT remains
strong, as alternative surgical interventions
for EMP/CPE are invasive and entail
morbidity with signiﬁcant cost, and
patient selection remains highly problematic
(7). These considerations and the
preponderance of available evidence (1, 2, 8)
lead us to believe that the use of IPFT for
adult patients with CPE/EMP and failed
drainage should be continued and used
as the preferred initial treatment over
immediate surgical intervention.
Recently, a number of models,
including a new rabbit Streptococcus
pneumoniae EMP model, have been used
to better understand the pathogenesis
of pleural organization, identify new
therapeutic targets, and understand the
processing of IPFT (9, 10). These studies
clearly show that different ﬁbrinolysins

undergo differential processing within the
injured pleural space, and that high pleural
ﬂuid plasminogen activator inhibitor
(PAI)-1 activity levels increase pleural
organization and strongly inﬂuence the
outcomes of IPFT (9, 10). It is now known
that adult patients with EMP/CPE have a
wide range of pleural ﬂuid total PAI-1
antigen as well as its activity (9). This
ﬁnding is especially important, as tPA is
exquisitely sensitive to inhibition by PAI-1,
raising the possibility that an effective
dose of tPA-based IPFT in a given patient
could be ineffective in another, with higher
levels of pleural ﬂuid PAI-1 activity
(Figure 1). The same applies to all twochain forms of urokinase plasminogen
activator (uPA), commonly called
urokinase in the literature. Although great
variability of PAI-1 levels were found in
patients from the MIST2 trial and another
patient cohort from the University of
Texas Health Science Center at Tyler (9),
whether such interpatient variability
affected IPFT outcomes in MIST2 or other
trials remains unknown. This represents
a potentially important gap in current
knowledge that could be addressed by
integration of inhibitor proﬁle analyses into
the design of future IPFT trials (Figure 1).
The variability in the ﬁbrinolysin inhibitor
proﬁle within the MIST2 trial population
may offer an important avenue for
improving current IPFT treatment, leaving
a clear role for lone IPFT, albeit improved
with an increase in precision and
individualization of treatment.
Empiricism also currently extends to
the dosing intervals currently for IPFT.
For example, tPA or tPA/DNase regimens
are commonly used in the United States,
and each is commonly given twice daily.
This approach assumes that sufﬁcient
pleural ﬂuid plasminogen is available at
the time of the next daily dose. Whether
that dosing strategy is actually optimal in
EMP/CPE patients is unknown. In rabbit
models of EMP and tetracycline-induced
pleural injury (9, 11), plasminogen
appears to be restored by 24 hours after
IPFT, but precisely when enough
plasminogen is present within EMP/CPE
pleural ﬂuids to optimally support IPFT
has not, to our knowledge, previously
been studied. This gap represents yet
another opportunity for further study.
Theoretically, optimal IPFT dosing
windows can be deﬁned by serial analyses
of pleural ﬂuid drainage. These studies
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can be initiated in preclinical analyses and
extended to clinical studies involving
patients treated with IPFT for EMP/CPE
with loculation and failed drainage.
Identiﬁcation of the best time for repeat
IPFT dosing and how much interpatient
variability exists in this regard may inform
rational dosing schedules and advantage
better outcomes.
The combination of tPA with DNase
has shown great promise as a treatment to
expedite drainage in patients with EMP/
CPE, with reported cure of over 90% of
patients without requiring surgery (12).
However, it should be noted that inherent
case selection bias applies to the reporting
of selective outcomes in expert centers. The
administration of tPA/DNase is relatively
labor intensive, as the combination is
generally given twice daily, with
administration of each component given
separately via the chest tube about 2 hours
apart (2, 12). Pain, commonly necessitating
opiates for control, occurred in about 20%
of patients and bleeding in about 2% (12).
The premise for the addition of DNase to
tPA for IPFT is built on in vitro evidence
that EMP ﬂuids are better liqueﬁed with
degradation of DNA and preclinical
ﬁndings that outcomes of EMP are better
in rabbits with Pasteurella-induced EMP
(13, 14). No dose ranging studies were

performed, and it is unknown whether the
effects in vivo were related to changes in
pleural ﬂuid viscosity or proteolytic activity
of IPFT or both. The superiority of tPA/
DNase at an empirically selected 10-mg
unit dose of tPA and 5 mg of DNase over
tPA IPFT alone was subsequently
conﬁrmed in the MIST2 trial (2). However,
whether tPA dosing was optimal or
whether DNase is always required to
expedite pleural drainage is not clear.
Fibrinolysins can degrade cross-linked
ﬁbrin and decrease viscosity of purulent
ﬂuids, which uPA has been reported to
efﬁciently do (15). Bioﬁlms produced by
infectious organisms incorporate ﬁbrin as
well as DNA, and expedited degradation by
ﬁbrinolysins supplementing antibiotics has
also been reported (16). It is also plausible
that activity of intrapleural tPA is affected
when combined with DNase, because the
size and quality of DNA fragments can alter
tPA activity or that of uPA (17). Whether
such effects occur in the pleural ﬂuids of
patients with EMP/CPE has not been
studied. However, such interactions could
be important, and they could conceivably
have contributed to the bleeding
complications reported in the MIST2 trial
that were limited to the tPA/DNase IPFT
group (2). At present, it is also unknown
how the activity of DNase may be
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Although challenges remain, IPFT
represents a useful approach in aiding
pleural drainage of adults with EMP/CPE
and pleural loculation. However, further
understanding of the host, organism, and
intrapleural speciﬁc factors associated with
success is necessary. Optimization of dosing
regimens and frequencies now require
rigorous scientiﬁc evaluation. Lastly,
integration of mechanistic studies into the
design of future pleural infection/loculation
trials will likely help optimize IPFT dosing/
administration schedules, inform
opportunities to develop personalized
therapy or bedside dosing guidance (1, 9),
and, thereby, improve prospects for better
clinical outcomes for patients with EMP/
CPE. n
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