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Abstract

Rationale: Several randomized trials have compared the efficacy of
an indwelling pleural catheter (IPC) versus the more traditional
chemical pleurodesis in the management of malignant pleural
effusion (MPE).

Objectives: As part of the American Thoracic Society’s guidelines
for management of MPE, we performed a systematic review and a
meta-analysis to compare patient-centered outcomes with the use of
a tunneled pleural catheter versus chemical pleurodesis for the first-
line treatment of malignant pleural effusions.

Methods: We performed literature searches in MEDLINE,
Embase, and the Cochrane Central Register of Controlled Trials.
We included randomized controlled trials comparing IPC and
pleurodesis in adult patients with symptomatic MPE. Risk of bias
was assessed with the Cochrane Risk of Bias tool recommended
by the Cochrane Methods Bias Group. The meta-analysis was
performed with Review Manager software, using a random effects
model. We used risk ratios (RRs) with 95% confidence interval (CI)

as the effect measure for dichotomous outcomes and mean
differences for continuous outcomes.

Results: We identified five randomized trials, involving 545
patients, that compared IPC and pleurodesis. Lack of blinding and
the inevitable attrition of patients due to death resulted in an overall
high risk of bias among the studies. No differences in survival or
measures of dyspnea were observed in any of the studies. Total
hospital length of stay was shorter, and repeat pleural interventions
were less common in the IPC group (RR, 0.32; 95% CI, 0.18–0.55).
However, the risk of cellulitis was higher with IPC (RR, 5.83; 95%CI,
1.56–21.8). No differences were noted in other adverse events.

Conclusions: Compared with chemical pleurodesis, IPC results in
shorter hospital length of stay and fewer repeat pleural procedures
but carries a higher risk of cellulitis. Careful assessment of individual
patient preferences and costs should be considered when choosing
between IPC and pleurodesis.
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Malignant pleural effusions (MPEs) affect
a significant proportion of patients with
cancer (1). The annual incidence of MPE
in the United States is estimated to be
greater than 150,000, and MPE accounts

for 42–77% of all exudative effusions in
adults (2). Symptoms of MPE include often
debilitating breathlessness, chest pain, and
constitutional symptoms such as anorexia
and weight loss. Generally considered a

manifestation of terminal malignancy,
the main goal of treatment is to palliate
and provide symptom relief (3). This has
often been interpreted to support the use of
the least intrusive intervention that is both
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effective and has minimal adverse effects.
For several decades, management has
focused on chemical pleurodesis using
various agents such as doxycycline, talc,
and bleomycin (1). However, pleurodesis
fails within a few months in a substantial
proportion of patients (4, 5). Pleurodesis
generally requires inpatient hospitalization
and when done using thoracoscopy, often
necessitates the use of general anesthesia.
Indwelling pleural catheters (IPCs) have
been successfully used for ongoing control
of MPE, especially when survival of months
to a few years is expected. The publication
of several randomized controlled trials
(RCTs) comparing IPC with chemical
pleurodesis has mandated a reassessment
of existing evidence. As part of the
American Thoracic Society (ATS) clinical
practice guidelines for malignant pleural
effusions, we performed a systematic
review and meta-analysis to examine the
patient-centered outcomes with the use of
tunneled pleural catheter versus chemical
pleurodesis as the first-line treatment of
MPE (6).

Methods

We synthesized the best available evidence
for the following Population, Intervention,
Comparator, and Outcome (PICO)
question:

1. Patients: Symptomatic MPE
2. Intervention: IPC
3. Comparator: Chemical pleurodesis
4. Outcomes: Improvement in dyspnea,

survival, mortality, hospital length of stay
(LOS); treatment failure as measured
by the need for additional pleural
interventions (preferred) or radiologic/
clinical criteria; and adverse events such
as cellulitis, pleural infection, and
bleeding requiring intervention.
Selection of outcomes was done by a
panel of experts who were part of the
ATS guideline committee for the
management of MPE

Electronic literature searches and data
extractions were conducted by Doctor
Evidence, a medical evidence software and
services company, using their proprietary
software platform (Doctor Evidence,
2018: DOC Library, DOC Data, version
2.0; Doctor Evidence, LLC). Standard
methodology for conducting systematic
reviews as per guidelines provided by the

Cochrane Handbook for Systematic Reviews
of Interventions were followed (7). Search
results were reported according to the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)
guidelines (8).

Study Identification and Eligibility
Study identification and eligibility criteria
were developed and documented in a
search strategy (Table 1) using the PICO
framework as described in the Cochrane
handbook (7) In addition, where relevant, the
review took into account criteria associated
with timing, setting, and study design.

The literature searches were performed
in MEDLINE (via PubMed), Embase (via
OvidSP), and the Cochrane Central Register
of Controlled Trials (CENTRAL) (via
Wiley) for citations from January 1, 1974 to
December 31, 2017, by using a range of
Medical Subject Headings (MeSH), Emtree,
and free-text terms based on the search
protocol. All search strategies were peer-
reviewed by a senior Doctor Evidence librarian.

In addition to bibliographic databases,
a manual search was performed on the
reference lists of identified eligible studies,
previously published systematic literature
reviews on the same topic, and conference
proceedings and registries, including
the U.S. National Library of Medicine’s
ClinicalTrials.gov (https://clinicaltrials.gov)
and the World Health Organization
International Clinical Trials Registry
(http://apps.who.int/trialsearch/).

Study Screening and Ascertainment
of Eligibility
Eligibility criteria were developed by the
project team and checked by a senior
methodologist. Before screening began,
duplicate studies and those that did not
meet language or date restrictions were
excluded.

The screening procedure was
conducted on the basis of a two-step
process: 1) title/abstract screening and 2)
full-text screening. At both stages, the
reasons for exclusion were documented.
Title/abstract screening was conducted by a
single screener and checked by a second
person. Full-text screening was conducted
by two independent reviewers (M.M.W. and
C.B.R.). Discrepancies between reviewers
were identified and resolved by an independent
third reviewer (A.A.B.).

We included RCTs of any follow-up
duration that were reported as full text and

enrolled adults more than 18 years of age
with pleural effusion in the presence of a
known malignancy involving the pleura
or outside the pleural space. Studies that
were included compared IPC (any make or
brand) and chemical pleurodesis (with any
chemical agent) delivered with bedside chest
tube placement. For randomized trials, we
chose only studies with direct comparison of
the two interventions.

For each trial, study, patient, and
treatment characteristics, and efficacy/
effectiveness/safety outcomes, were
extracted. In particular for continuous
variables, the appropriate estimate measures
and dispersion (mean, median, SD, and
range) were extracted. For dichotomous and
categorical variables, the number and/or
proportion of patients were extracted.
Because most studies had patient attrition,
we included all patients who received at least
some aspect of the intervention. We did not
include patients who died before any
intervention was provided or who had the
wrong intervention provided to them.

Risk of Bias Assessment
Risk of bias (study quality) of included
studies was assessed with the tool
recommended by the Cochrane Statistical
Methods Group and the Cochrane Methods
Bias Group (7). In brief, this tool includes
sequence generation (allocation bias),
allocation sequence concealment (allocation
bias), blinding of participants and personnel
(performance bias), blinding of outcome
assessment (detection bias), incomplete
outcome data (attrition bias), selective
outcome reporting (reporting bias), and
other potential sources of bias. Each
category was graded as high, low, or unclear
risk of bias by two authors reviewing
independently. The risk of bias is reported
pictorially as a graph as there is no summary
score for an overall risk of bias.

Quantitative synthesis was performed
with Review Manager (RevMan) software,
version 5.3 (Nordic Cochrane Centre,
Cochrane Collaboration, 2014). We did not
pool RCT data with data from observational
studies. In this way, the results may differ
from other previously published meta-
analyses that used different inclusion criteria
or mixed RCT and non-RCT study data.
For continuous measures where the SD
was not reported in an included study, these
were imputed using the methodology
recommended by the Cochrane handbook
(7). We used random effects modeling for

SYSTEMATIC REVIEW

Systematic Review 125

Ann
als

 of
 th

e A
meri

ca
n T

ho
rac

ic 
Soc

iet
y 

Cop
yri

gh
t ©

 20
19

 A
meri

ca
n T

ho
rac

ic 
Soc

iet
y

http://ClinicalTrials.gov
https://clinicaltrials.gov
http://apps.who.int/trialsearch/


the meta-analysis. Randomized trials in
MPE included small to medium-sized
studies (50–200 patients per study) with no
single large study and with significant but
varying attrition of patients during follow-
up. We, therefore, used the random effects
model because it weights smaller studies
more equally (7). Dichotomous outcomes
were reported as relative risk (RR) with 95%
confidence interval (CI), and continuous
outcomes were reported as mean differences
unless otherwise specified. We performed
subgroup analysis if an a priori subgroup
stratification was described in individual
studies. We measured heterogeneity
using the I2 statistic. When substantial
heterogeneity was identified, we explored
possible causes and performed subgroup
analysis where possible. Sensitivity analysis
was performed when outcomes were not
clearly reported in individual studies
(e.g., the outcome “infection” could be
interpreted as pleural infection or cellulitis).

Results

Study Characteristics
The number of studies identified and
screened at each step is documented in
Figure 1. The search strategy for the PICO
question yielded 10 studies including 1,279
participants. Of the studies identified, five
were RCTs (9–13), four were retrospective
observational studies (14–17), and one was a
prospective observational study (18). The five
RCTs enrolling 545 patients were included in
the quantitative synthesis. One RCT compared
IPC with doxycycline pleurodesis, and four
RCTs compared IPC with talc pleurodesis. A
summary of characteristics of the randomized
and nonrandomized studies is provided in
Tables 2 and 3, respectively. Among the
randomized studies, two each used PleurX (10,
12) and Rocket (9, 11) brand IPCs, whereas the
fifth study did not specify the type of device
(13). All trials were small, with the largest
sample size being 144 patients. Patients had
known malignant or highly suspicious

exudative pleural effusions associated with an
underlying cancer, most commonly breast or
lung cancer, althoughmesothelioma comprised
one-fourth of cases in one study (13).
Investigators did not attempt to enroll patients
with failed prior pleurodesis or known trapped
lung, although some patients were found to
have trapped lung after randomization and
large-volume drainage. Improvement in
dyspnea was the primary outcome in two
studies (9, 11), and total hospital days were
examined as the primary outcome in two
other studies (12, 13). The last study examined
recurrence of the pleural effusion, but this
outcome was fairly subjective. Because a
network meta-analysis showed no differences
in the outcome of malignant pleural effusions
managed with different chemical agents, we
combined results for both talc and doxycycline
for the meta-analysis (19).

Study Quality
The risk of bias across studies is shown in
Figure 2. Overall, the risk of bias was high,

Table 1. Prespecified search strategy and study selection criteria for use of indwelling pleural catheter versus chemical pleurodesis as
first-line management of malignant pleural effusions: MEDLINE (PubMed) search strategy to identify evidence

Step Concept Search Term Result*

1 Malignant pleural effusions “Pleural Effusion, Malignant/therapy”[Mesh] 1,230
2 Pleural catheter (pleural catheter [tiab] OR pleural catheter [ot] OR pleural catheters [tiab] OR

pleural catheters [ot])
293

3 Pleural drain Pleurx [tiab] OR pleurx [ot] OR “Pleural port” [tiab] OR “pleural ports” [tiab] OR
“pleural port” [ot] OR “pleural ports” [ot] OR “indwelling tunneled catheter”
[tiab] OR “indwelling tunneled catheters” [tiab] OR “indwelling tunneled
catheter” [ot] OR “indwelling tunneled catheters” [ot] OR Pleural drain [tiab] OR
pleural drains [tiab] OR Pleural drain [ot] OR pleural drains [ot]

155

4 Pigtail catheter ((pigtail catheter [tiab] OR pigtail catheters [tiab] OR pig-tail catheter [tiab] OR
pig-tail catheters [tiab] OR pigtail catheter [ot] OR pigtail catheters [ot] OR pig-
tail catheter [ot] OR pig-tail catheters [ot]) AND (pleura [tiab] OR pleural [tiab]
OR pleura [ot] OR pleural [ot] OR effusion [tiab] OR effusions [tiab] OR effusion
[ot] OR effusions [ot] OR chylothorax [tiab] OR chylothorax [ot]))

97

5 Indwelling pleural catheter (“Catheters, Indwelling”[Mesh] AND (pleura [tiab] OR pleural [tiab] OR pleura
[ot] OR pleural [ot] OR effusion [tiab] OR effusions [tiab] OR effusion [ot] OR
effusions [ot] OR chylothorax [tiab] OR chylothorax [ot]))

333

6 Malignant pleural effusion catheter (Catheters, Indwelling [Mesh]) AND (Pleural Effusion, Malignant [Mesh]) 130
7 Pleural drainage (“Drainage/instrumentation”[Mesh] AND (pleura [tiab] OR pleural [tiab] OR

pleura [ot] OR pleural [ot] OR effusion [tiab] OR effusions [tiab] OR effusion [ot]
OR effusions [ot] OR chylothorax [tiab] OR chylothorax [ot]))

470

8 Small-bore catheter† (small-bore catheter [tiab] AND (pleura [tiab] OR pleural [tiab] OR pleura [ot] OR
pleural [ot] OR effusion [tiab] OR effusions [tiab] OR effusion [ot] OR effusions
[ot] OR chylothorax [tiab] OR chylothorax [ot]))

40

9 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 2,008

Definition of abbreviations: tiab = title/abstract; ot = other term.
Study selection criteria: Studies were selected if they 1) enrolled patients with known or suspected malignant pleural effusion without nonexpandable lung or
prior intervention, 2) compared patients who underwent indwelling pleural catheter placement versus chemical pleurodesis, and 3) measured patient-
important outcomes. We initially sought published systematic reviews that included trials that met these selection criteria, with the plan to search step-wise
for randomized trials and then observational studies if no suitable systematic reviews were identified. If such systematic reviews were identified, we planned
to combine the systematic review with relevant studies published after the systematic review. Studies identified in this fashion were to be supplemented with
unsystematic observations from the committee members.
*Although the individual searches total 2,748 results, there were 2,008 unique results for step 9.
†The same search terms were adapted to strategies to search Embase, the Cochrane Central Register of Controlled Trials, and the Cochrane Database of
Systematic Reviews.
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mainly because of lack of blinding.
Attrition of patients due to death also
commonly occurred in these studies.
Although both the attrition and lack of
blinding are not avoidable in this context,
they nevertheless lead to increased risk of
bias. Because only five RCTs were included
in the review, we were not able to use
funnel plots to explore possible publication
bias.

Dyspnea
Two studies examined dyspnea as a
primary outcome. Using a modified
Borg score, Boshuizen and colleagues
reported improved scores after the
initial treatment, but no difference
between treatment groups either after
the initial treatment or during subsequent
follow-up (9). Davies and colleagues
reported no difference in visual analog
scale scores between groups at 6 weeks
(24.7 mm in IPC vs. 24.4 mm in chemical
pleurodesis; P = 0.96), but there was a
significant difference between groups
favoring IPC at 6 months (214.0 mm;
95% CI,225.2 to22.8 mm; P = 0.01) (11).
However, less than one-half of enrolled
patients survived to report symptoms at
6 months.

Three studies reported dyspnea as
secondary outcomes. The AMPLE study
reported visual analog scale scores, whereas
Putnam and colleagues reported Borg
scores at rest and during exercise; both
studies similarly reported improvement in
symptoms within groups after the initial
treatment, but no significant difference
between groups during the follow-up period
(12, 13). One article reported Condensed
Memorial Symptom Assessment Scale
scores and noted differences in scores
favoring IPC only after post hoc adjustment
of covariates (10).

Pooled data for improvement in Borg
score did not show any difference between
treatment groups at rest or during exercise.
The results for this outcome need to be
interpreted with caution as the SDs for
data from Boshuizen and colleagues were
not originally reported and these have been
imputed from the P values and sample
sizes (9). Patient attrition, small sample
sizes, and imputation of the SD possibly
account for the heterogeneity in these
outcomes.

Survival
Median follow-up time varied from 71 to
204 days. Pooled results from two studies

did not show any difference in mortality
between IPC and pleurodesis groups at
3 months (10, 11). Individually, no study
noted a difference between treatment groups
in short-term or long-term mortality.
Boshuizen and colleagues reported the
composite outcome of survival and lack of
repeat interventions and found a statistically
significant difference at 6 weeks favoring the
IPC group (88.7%; 95% CI, 78.8–99.8%)
compared with the pleurodesis group
(66.2%; 95% CI, 53–82.7%) (9). Demmy and
colleagues reported a statistically significant
difference in the composite outcome of
survival and nonrecurrence of effusion
(radiologic) at 1 month favoring the IPC
group over the pleurodesis group (82% vs.
52%; P = 0.02) (10).

Hospital Length of Stay
Hospital length of stay (LOS) was reported
in four studies (9, 11–13), but only one of
these studies (13) reported the data in terms
of mean (SD) and we were therefore not able
to pool results. Two studies examined LOS
for the initial therapy as a primary outcome.
Thomas and colleagues reported a lower
median LOS favoring IPC (difference of
2.92 d; 95% CI, 0.43–5.84), while Putnam
also reported a similar difference favoring
IPC (median LOS, 1.0 vs. 6.5 d; no range
reported) (12, 13).

Two additional studies reported
hospital LOS as a secondary outcome.
The NVALT-14 study reported fewer
median hospital days for patients who
underwent IPC compared with
chemical pleurodesis (2 vs. 7 d,
respectively; P, 0.001) (9). The TIME2
authors reported median LOS for initial
therapy favoring IPC, with a difference of
3.5 fewer days compared with chemical
pleurodesis (95% CI, 24.8 to 21.5), and
IPC also resulted in fewer complication-
related hospital days up to 1 year (1 vs.
4.5 d; P, 0.001) (11).

Need for Further Pleural Interventions
All studies reported a lower frequency
of recurrent pleural effusion or need
for reintervention in the IPC group.
Because the clinical importance of
radiologic recurrence of effusion can be
variable, we chose to pool data on
repeat pleural procedures as a measure
of recurrence. Four studies reported the
number of repeat ipsilateral pleural
procedures performed during follow-up
(9, 11–13), and the IPC group required

Articles identified from MEDLINE
2,008

Articles identified from Embase
1,537

Articles identified from Cochrane
289

Articles after duplicates removed
3,199

Articles with full text review
20

Articles selected
5 randomized trials

5 non-randomized trials

Articles excluded
because of
incorrect

comparisons or
no patient -

centered outcomes
3,189

Figure 1. Flow of information through a systematic review examining the use of indwelling pleural
catheters versus chemical pleurodesis for the first-line management of malignant pleural effusions.
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one-third of the repeat procedures
compared with the pleurodesis group
(RR, 0.32; 95% CI, 0.18–0.55; P, 0.01)
(Figure 3).

Cellulitis
Four studies examined cellulitis at
the tube insertion site. These studies
reported a consistently higher risk of skin
infection at the insertion site for patients
in the IPC group (4, 11–13). Pooled results
showed a higher risk of cellulitis with IPC
than with chemical pleurodesis (6.9% vs.
0.5%; RR, 5.83; 95% CI, 1.56–21.87), with
no evidence of heterogeneity across
studies (Figure 3).

One study (NVALT-14) reported
adverse events simply as “infection,”
without specifying either cellulitis or pleural
infection. After adding these results, there
was no change in the association between
IPC and skin infection.

Pleural Infection
Four studies reported pleural infection for
patients in both arms (10–13). Pooled
results among 369 patients in three of the
studies were inconclusive (RR, 3.32; 95%
CI, 0.82–13.44). Because the RevMan
software calculates weighted relative risks

after excluding studies with no events in
both arms, we employed an alternative
random effects method to that of Mantel-
Haenszel to calculate a weighted relative
risk for pleural infection, using all four
studies (20). With this method, the relative
risk of pleural space infection for IPC was
not markedly different (RR, 4.87; 95% CI,
0.71–33.52).

Results from NVALT-14 were not
included because it reported adverse events
simply as “infection,” without specifying
either cellulitis or pleural infection. After
adding these results, there was no change in
the association between IPC and pleural
infection.

Other outcomes including serious
adverse events (grade 3 or 4), chest pain,
reexpansion pulmonary edema, and hydro/
pneumothorax were not different between
the groups. We did not perform subgroup
analysis based on type of cancer because
none of the studies reported results on the
basis of these subgroups.

Discussion

This systematic review and meta-analysis
compared the safety and effectiveness

of indwelling pleural catheters
versus chemical pleurodesis via
tube thoracostomy for the initial
management of malignant pleural
effusions. Pooled data from more than
500 patients across five different studies
showed that IPCs were associated with
shorter length of procedure-related
hospital stay and lower risks of ipsilateral
pleural interventions when compared
with chemical pleurodesis; conversely,
IPCs were associated with a higher risk of
cellulitis. There were no differences in
dyspnea or survival between the two
therapies.

MPE is generally considered to be
a manifestation of a malignancy in its
preterminal stage. The main goal of care
is palliation of symptoms. In our meta-
analysis, improvement of dyspnea was
noted with both IPC and pleurodesis,
and there was no difference between the
two interventions for this outcome.
However, there were fewer repeat pleural
procedures with IPC than pleurodesis.
Studies with longer follow-up (12 mo)
showed a more marked difference in
the need for repeat pleural procedures
compared with studies with shorter
follow-up (6 wk). In addition, spontaneous

Table 2. Characteristics of randomized controlled trials included in meta-analysis

Author, Year
(Ref.)

Country Sample Size Cancer Types Chemical
Used

Primary Outcome

Study
Acronym

IPC Pleurodesis

Putnam, 1999 (12) — U.S.A. 94 43 Breast, 27% Doxycycline Hospital LOS, dyspnea,
quality of lifeLung, 40%

Other, 33%
Mesothelioma not specified

Davies, 2012 (11) TIME2 UK 51 52 Breast, 26% Talc Dyspnea
Lung, 24%
Mesothelioma, 10%;

other, 40%
Demmy, 2012 (10) CALGB-30102 U.S.A. 28 29 Breast, 12% Talc Reexpansion of lung

Lung, 63%
Mesothelioma, 0%; other,

25%
Thomas, 2017 (13) AMPLE Multinational 73 71 Breast, 12% Talc Hospital LOS

Lung, 33%
Mesothelioma, 26%;

other, 29%
Boshuizen, 2017 (9) NVALT-14 Netherlands 46 48 Breast, 21% Talc Dyspnea

Lung, 33%
Other, 46%
Mesothelioma not

specified

Definition of abbreviations: AMPLE = Australasian Malignant Pleural Effusion; CALGB =Cancer and Leukemia Group B; IPC = indwelling pleural catheter;
LOS = length of stay; NVALT-14 = Randomized Trial Comparing Longstanding Indwelling Pleural Catheters with Pleurodesis as a Frontline Treatment for
Malignant Pleural Effusion; TIME2 = Second Therapeutic Intervention in Malignant Effusion Trial.
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pleurodesis was seen in 30–68% of patients
in the IPC group. This clear benefit in
reduced need for repeat pleural procedures
needs to be balanced against the statistically
significant increase in cellulitis and an
accompanying trend toward an increased
risk of pleural infection with the IPC. These
data should inform the risk-versus-benefit
calculation of IPC as the first-line
treatment of MPE.

The RCTs included patients with
MPE who likely represent typical patients

with MPE, for whom clinicians need
guidance regarding management. All
cancer types were included and four of the
five studies had at least some plan to
balance the randomized groups on the
basis of cancer type and performance
status. The interventions tested in the
randomized trials were well defined,
and there was not much difference in
the type of interventions between
studies. Although for some individual
outcomes the overall risk of bias was

considered “low risk,” it is possible
that the lack of blinding affected outcomes
that relied on patient self-report or
physician judgment. Data regarding the
decreased need for further pleural
interventions need to be taken with
caution because of the unblinded nature
of the studies. In many institutions, the
same clinicians place both IPCs and
tube thoracostomies; the investigators
may have had a lower threshold of
intervening in the chemical pleurodesis

Table 3. Characteristics of nonrandomized trials identified from systematic review

Author, Year (Ref.) Country Sample Size Cancer Types Chemical
Used

Primary Outcome

IPC Pleurodesis

Putnam, 2000 (16) U.S.A. 100 68 Breast, 23% Doxycycline Survival, complications, hospital
LOS, health care chargesLung, 36%

Lymphoma, 7%
Other, 34%
Mesothelioma not specified

Hunt, 2012 (15) U.S.A. 59 50 Breast, 14% Talc poudrage Fluid accumulation, repeat
procedures, hospital LOSLung, 39%

Mesothelioma, 18%; other, 29%
Fysh, 2012 (18) Australia 34 31 Breast, 17% Talc Hospital LOS

Lung, 18%
Mesothelioma, 46%; other, 19%

Freeman, 2013 (14) U.S.A. 30 30 Breast, 21% Talc poudrage Repeat procedures,
performance scoreLung, 33%

Mesothelioma, 0%; ovarian, 15%
Srour, 2013 (17) Canada 193 167 Breast, 24% Talc Control of effusion

Lung, 43%
Mesothelioma, 4%; other, 29%

Definition of abbreviations: IPC = indwelling pleural catheter; LOS = length of stay.

Random sequence generation (selection bias)

T
hom

as 2017

P
utnam

 1999

D
em

m
y 2012

D
avies 2012

B
oshuizen 2017

Allocation concealment (selection bias)
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Figure 2. Risk of bias assessment for randomized controlled trials included in the meta-analysis.
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group, especially because several chemical
pleurodesis patients underwent IPC
placement as a form of further
pleural intervention. Alternatively,
investigators may have had a higher
threshold for performing additional
pleural interventions in patients who
underwent IPC placement; rather than
performing an additional pleural
drainage, one study’s authors reported
readjusting the indwelling IPC in some
patients (12). However, proponents of
IPCs cite this ability to readjust in lieu of

replacing the catheter as one of its
advantages over tube thoracostomy.

The results of the meta-analysis
may be impacted by future, larger
randomized trials. Most outcomes were
reported in fewer than 300 patients. With
attrition due to early death, longer term
outcomes were reported in even fewer
patients. Further, outcomes such as
hospital LOS and need for repeat
procedures are often influenced by
local practices and resources. These
outcomes are difficult to standardize and

subsequently pool in a meta-analysis.
Similarly, the clinical importance of
outcomes such as cellulitis and pleural
infection (requiring administration of
intravenous antibiotics on an outpatient
basis) are likely to be different in different
contexts. Patient preferences and the
economic impact of the treatment options
also need to be considered when choosing
between IPC and pleurodesis. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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Subtotal (95% CI) 8179 1.25 [0.45, 3.45]100.0%

Test for overall effect: Z = 0.42 (P = 0.67)

Total events 15 47

3.1.2 Repeat pleural procedures
Boshuizen 2017 7 43 15 45 47.4% 0.49 [0.22, 1.08]
Davies 2012 3 1251 52 0.25 [0.08, 0.85]20.6%

Thomas 2017 3 1673 71 0.18 [0.06, 0.60]21.1%
Putnam 1999 2 494 43 0.23 [0.04, 1.20]10.9%

Subtotal (95% CI) 211261 0.32 [0.18, 0.55]100.0%

Test for overall effect: Z = 4.09 (P < 0.0001)

3.1.3 Pleural infection
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Demmy 2012 0 028 29 Not estimable
Putnam 1999 1 094 43 1.39 [0.06, 33.43]19.3%
Thomas 2017 2 173 71 1.95 [0.18, 20.98]34.6%

Davies 2012 7 51 1 52 46.1% 7.14 [0.91, 55.96]

Subtotal (95% CI) 195246 3.32 [0.82, 13.44]100.0%

Test for overall effect: Z = 1.68 (P = 0.09)

Total events 17 1

Test for overall effect: Z = 2.61 (P = 0.009)
Heterogeneity: Tau2 = 0.00; Chi2 = 0.23, df = 3 (P = 0.97); I2 = 0%

3.1.4 Cellulitis

5.83 [1.56, 21.87]Subtotal (95% CI) 195246 100.0%

Davies 2012 6 51 1 52 40.3% 6.12 [0.76, 49.04]
Demmy 2012 1 028 29 3.10 [0.13, 73.12]17.5%
Putnam 1999 6 094 43 6.02 [0.35, 104.52]21.4%
Thomas 2017 4 073 71 8.76 [0.48, 159.73]20.7%

Figure 3. Forest plots and assessments of heterogeneity for select clinical outcomes among randomized controlled trials included in the meta-analysis.
CI = confidence interval; IPC = indwelling pleural catheter; M-H =Mantel-Haenszel.
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