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Abstract
Indwelling pleural catheter (IPC) is widely used in patients with pleural effu-
sion (PE). This meta- analysis aimed to comprehensively summarize the clinical 
complication from IPC. We searched four large electronic databases (PubMed, 
EMBASE, MEDLINE, and Cochrane Library) for potentially relevant studies and 
assessed the included studies’ quality using the methodological index for nonran-
domized studies’ criteria. Extracted data were used to pool rates, and to conduct 
subgroup and meta– regression analyses. Forty- one studies involving a cumula-
tive 4983 patients with 5650 IPCs were included in this meta- analysis. The overall 
incidence of IPC complications was 20.3% (95% confidence interval [CI]: 15.0– 
26.3). The top four complications were: overall infection incidence 5.7% (95% 
CI: 0.7– 2.4); overall catheter abnormality incidence 4.4% (95% CI: 2.8– 6.3); pain 
incidence 1.2% (95% CI: 0.4– 2.4); and overall loculation incidence 0.9% (95% CI: 
0.1– 2.1). Subgroup and meta- regression analyses for overall complications and 
infections by country, PE site, and PE type demonstrated these factors did not 
contribute significantly to heterogeneity. Further subgroup analyses for infec-
tion of benign PE showed that the overall infection incidence (12.6% [95% CI: 
8.1– 17.8] vs 0.7% [95% CI: 0.0– 4.5]) and empyema incidence (9.1% [95% CI: 5.3– 
13.8] vs 0.0% [95% CI: 0.0– 2.3]) of patients with liver- related PE were significantly 
higher than that of patients with heart- related PE. Our meta- analysis showed re-
liable pooled incidences of IPC- related complications, with infection being the 
most common. These results serve to remind clinicians about the incidence of 
IPC- related complications and emphasize the importance of taking correspond-
ing preventive and therapeutic steps.
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INTRODUCTION

Pleural effusion (PE), excessive accumulation of fluid in 
the pleural cavity, is a common clinical problem. PE is 
often secondary to malignant or benign diseases; the for-
mer is called malignant pleural effusion (MPE) and the 
latter is benign pleural effusion (BPE).1 The estimated 
prevalence in the United States was 19 per million for MPE 
and 157 per million for BPE, with corresponding charges 
per patients of $12,819.0 and $7977.0, respectively.2,3 The 
reported common etiologies of PE included malignant 
neoplasm, parapneumonic pleural effusion and empy-
ema, tuberculosis, chronic heart failure, and cirrhosis.2– 4 
Sequelae of excessive effusions may include impaired gas 
exchange, pulmonary function, lung volume, and lung 
mechanics, and may contribute to significant dyspnea, 
cough, and chest discomfort.5– 7

Indwelling pleural catheter (IPC) was developed to 
improve dyspnea and quality of life in patients with 
PE, especially in those with symptomatic PE.4,8 IPC has 
many advantages over other PE therapies, including 
shorter hospital stay, fewer repeat pleural procedures, 
and a lower re- admission rate.9– 11 However, IPC also con-
fers shortcomings that should not be ignored, including 
complications like infection, pain, catheter abnormality, 
and catheter tract metastasis.12,13 The incidence rates of 
these complications have not heretofore been compre-
hensively summarized. Thus, this meta- analysis aimed 
to summarize the incidences of all IPC- related clinical 

complications in patients with PE, and to evaluate their 
clinical significances.

METHODS

Literature search

Four large electronic databases (PubMed, EMBASE, 
MEDLINE, and Cochrane Library) were searched for po-
tentially relevant studies from inception through October 
2021. The following were used as keyword search terms: 
“indwelling pleural catheter,” “pleurX catheter,” “pleu-
ral catheter,” “tunneled pleural catheter,” “malignant 
pleural effusion,” “benign pleural effusion,” “refractory 
nonmalignant effusion,” “tuberculous pleural effusion,” 
“tuberculous pleuritis,” “hepatic hydrothorax,” “nonma-
lignant pleural effusion,” and “heart failure.” In addition, 
the references of related reviews and meta- analyses were 
manually checked to identify additional potential studies. 
Two of the authors independently screened all potentially 
relevant titles and abstracts, and any disagreements were 
resolved by a third author.

Inclusion and exclusion criteria

A study was included if it: (1) included patients with a 
diagnosis of PE; (2) included more than 30 patients with 

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Indwelling pleural catheter (IPC) is widely used in patients with pleural effusion 
(PE). The incidence rates of these complications have not heretofore been com-
prehensively summarized.
WHAT QUESTION DID THIS STUDY ADDRESS?
This meta- analysis aimed to comprehensively summarize the clinical complica-
tion from IPC.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
The overall incidence of IPC complications was 20.3% for a cumulative 4983 pa-
tients with 5650 IPCs. The top four complications were: overall infection inci-
dence 5.7%, overall catheter abnormality incidence 4.4%, pain incidence 1.2%, 
and overall loculation incidence 0.9%. The subgroup analyses for infection of be-
nign PE showed that the overall infection incidence (12.6% vs. 0.7%) and empy-
ema incidence (9.1% vs. 0.0%) of patients with liver- related PE were significantly 
higher than that of patients with heart- related PE.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
These reliable results serve to remind clinicians about the incidence of IPC- 
related complications and the importance of taking corresponding preventive 
and therapeutic steps in the future clinical work.
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PE; and (3) documented the detailed complications of 
IPC. The exclusion criteria were: (1) duplicated data were 
reported by the same author, from the same institution; 
(2) the article was not published in English; (3) the article 
was a conference abstract, animal trial, review, guideline, 
case report, or case serials; and (4) the article reported the 
patients received both the talc pleural fixation and IPC 
simultaneously. The definitions of complications are in 
Appendix S1 and the category of different subgroups ap-
plied in the subgroup analyses are in Appendix S2.

Quality assessment

Study quality was assessed using the methodological index 
for nonrandomized studies (MINORS) criteria. MINORS 
is a valid instrument designed to assess the methodologi-
cal quality of nonrandomized studies. It includes 12 items 
with a maximum score of 24 for comparative studies; the 
first eight items, with a maximum score of 16, are for non-
comparative studies. Low, fair, and high quality are defined 
by scores of 0– 7, 8– 11, and 12– 16, respectively, for noncom-
parative studies, and 0– 11, 12– 17, and 18– 24, respectively, 
for comparative studies.14 Two of the authors indepen-
dently estimated the quality of each included study.

Data extraction

The following information was extracted: (1) basic infor-
mation, including author name, publication year, coun-
try, patient age, sex, and follow- up period; (2) the etiology 
and type of PE and where the PE information was pub-
lished; and (3) complication information, including the 
number of patients with complications, number of IPC 
placements, and number of complications.

Statistical analysis

We used the respective rates of each complication type, 
and their corresponding standard errors, to pool results 
using the Bayesian method for meta- analyses. The I2 sta-
tistic and Q tests were performed to assess the impact of 
study heterogeneity on the pooled results. If significant 
heterogeneity was present (p < 0.05 or I2 > 50%), rand-
omized effect models were applied; otherwise, fixed ef-
fect models were used. Subgroup and meta- regression 
analyses were used to explore the source of heterogene-
ity. Sensitivity analysis was conducted to determine the 
impact of removing studies one at a time on the pooled 
results. All analyses were performed using Stata software 
(version 14.0; https://www.stata.com/).

RESULTS

Study selection

As shown in Figure 1, 7486 relevant studies were initially 
identified, among which 82 were retained for further 
evaluation. We ultimately included 41 studies published 
between 1999 and 2021.15– 55 Table 1 shows basic study in-
formation and the results of the quality evaluations of the 
included studies.

Quality assessment

Fifteen comparative studies had MINORS scores from 14– 
21 and 26 noncomparative studies had MINORS scores 
from 8– 12. These MINORS scores correspond to fair- to- 
high quality (Table 1).

Patient and IPC characteristics

The 41 included studies reported a cumulative 5650 
IPCs from 4983 patients. Patient characteristics, includ-
ing age, sex, country, PE etiology, and PE site, are pre-
sented in Table 2. Different types of IPCs are shown in 
Appendix S3.

Pooled IPC- related complication  
incidences

The pooled meta- analysis results are showed in Figure 2. 
The random- effects model showed significant heterogene-
ity (I2 = 95.996%, p = 0.000) and the pooled overall com-
plication incidence was 20.3% (95% confidence interval 
[CI]: 15.0– 26.3).

Among IPC- related complications, infection was the 
most common, with an overall pooled incidence of 5.7% 
(95% CI: 0.7– 2.4) significant heterogeneity (I2 = 86.600%, 
p  =  0.000). Reported infections included wound infec-
tion, pleural infection, cellulitis, and empyema, with 
respective pooled incidences of 0.4% (95% CI: 0.1– 1.0), 
0.6% (95% CI: 0.1– 1.3), 0.9% (95% CI: 0.3– 1.7), and 1.3% 
(95% CI: 0.6– 2.2).

Catheter abnormality was the second most common 
complication, with a pooled overall incidence of 4.4% 
(95% CI: 2.8– 6.3), and included catheter obstruction 1.5% 
(95% CI: 0.7– 2.4), catheter malfunction 1.1% (95% CI: 0.6– 
1.8), and catheter leakage 0.6% (95% CI: 0.2– 1.3).

Other lower- incidence complications included pain 
1.2% (95% CI: 0.4– 2.4), pneumothorax 0.3% (95% CI: 0.1– 
0.7), overall loculation 0.9% (95% CI: 0.1– 2.1), symptomatic 

https://www.stata.com/
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loculation 0.8% (95% CI: 0.1– 0.9), and worsening dyspnea 
0.1% (95% CI: 0.0– 0.3).

Other complications, including hemothorax, asymp-
tomatic loculation, catheter metastasis, asymptomatic 
loculation, and serious adverse events had pooled in-
cidence under 0.0%, and were thus extremely rare or 
negligible.

Subgroup analyses

Table  S1 showed the baseline characteristics of dif-
ferent subgroups. The subgroup analyses showed that 
country, PE site, and PE type did not contribute sig-
nificant heterogeneity to the incidences of overall com-
plications or infections (Figure  3). We focused on the 
relationship between the etiology of BPE patients and 
infection condition, and the subgroup analyses showed 
that the overall infection incidence (12.6% [95% CI: 
8.1– 17.8] vs. 0.7% [95% CI: 0.0– 4.5]) and empyema in-
cidence (9.1% [95% CI: 5.3– 13.8] vs. 0.0% [95% CI: 0.0– 
2.3]) of patients with liver- related PE were significantly 
higher than that of patients with heart- related PE with 
nonoverlapping 95% CI (Figure  4). Therefore, we be-
lieve that the etiology of benign BPE is a possible source 
of heterogeneity.

Meta- regression analyses

Meta- regression analyses for overall complications and 
infections were run to further clarify the impact of coun-
try, PE site, and PE type on pooled incidences and fur-
ther identify heterogeneity sources. Figure  5a– c shows 
the meta- regression analysis results for overall complica-
tions, demonstrating that these factors did not make sig-
nificant contributions to heterogeneity. Figure 5d– f shows 
the meta- regression analysis results for overall infection, 
which likewise did not account for significance.

Sensitivity analysis and publication bias

The pooled overall complication incidence values were 
assessed by removing each study one at a time to de-
termine whether its removal led to significantly dif-
ferent values compared with the initial pooled values 
(Figure  S1). As shown in Figure  6a, the funnel plot 
indicates significant publication bias by Egger's test 
(t = 4.94, df = 39, p < 0.0001). However, the trim and fill 
funnel plot show that the filled studies were distributed 
in the area with incidence less than 0, which is incon-
sistent with reality; the plot also suggests that a publica-
tion bias did not impact the pooled results (Figure 6b). 

F I G U R E  1  Preferred Reporting 
Items for Systematic Reviews and Meta- 
Analyses (PRISMA) flow diagram shows 
study selection. IPC, indwelling pleural 
catheter.
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Thus, the meta- analysis results are relatively stable and 
reliable.

DISCUSSION

PE places a significant burden on medical and societal 
resources.1– 6 IPC can effectively alleviate PE symptoms 
and is widely administered.4,8 However, it also confers 
non- trivial complications which have not previously been 
fully described. Thus, we focused herein on the cumula-
tive, meta- analysis- based evidence of clinical IPC compli-
cation incidences.

The resulting overall complication incidence was 
20.3% among a cumulative 5650 IPCs in 4983 patients 

with either MPE or BPE. Krishnan et al. reported the 
lowest overall complication incidence (0.0%), whereas 
Muruganandan et al. reported the highest (89.6%).25,33 We 
further analyzed the differences among studies reporting 
low (range 0.0– 7.8%) and high (range 40.3– 89.6%) com-
plication incidences, revealing that the former were more 
likely to report use of home drainage post- IPC, regular fol-
low- up strategies, and detailed follow- up evaluations.

In addition, Avula et al. reported a relatively high 
overall complication incidence of 30.6% in their meta- 
analysis of 269 total patients with hepatic hydrothorax56 
and the meta- analysis by Kheir et al. of three random-
ized trials showed a comparable rate of 24.0% among 
171 patients with MPE.57 Zahid et al. reviewed 78 pa-
tients with MPE to show an IPC- related complication 

Subgroups
Patients number, 
n = 4983 (100%)

IPCs, n = 5650 
(100%)

Mean age,a n (%) > = 65 2784 (55.86%) 3278 (58.02%)

<65 2083 (41.80%) 2215 (39.20%)

Sex,b n (%) Male 2381 (47.78%) — 

Female 2369 (47.54%) — 

Country, n (%) Australia 121 (2.43%) 124 (2.19%)

Canada 1004 (20.15%) 1062 (18.80%)

China 195 (3.91%) 195 (3.45%)

Dutch 45 (0.90%) 50 (0.88%)

Finland 51 (1.02%) 53 (0.94%)

Germany 549 (11.02%) 617 (10.92%)

Italy 90 (1.81%) 97 (1.72%)

Pakistan 102 (2.05%) 102 (1.81%)

Spain 477 (9.57%) 507 (8.97%)

United Kingdom 633 (12.70%) 633 (11.20%)

United States 1917 (38.47%) 2057 (36.41%)

Multi- countries 153 (3.07%) 153 (2.71%)

Etiologyc Lung cancer 1445 (29.00%) — 

Breast cancer 841 (16.88%) — 

Mesothelioma 292 (5.86%) — 

Other cancer 1571 (31.53%) — 

Heart failure 252 (5.06%) — 

Liver failure 226 (4.54%) — 

Other benign diseases 355 (7.12%) — 

PE- location Left or right side 1198 (24.04%) 1210 (21.42%)

Mix bilateral 2544 (51.05%) 2806 (49.66%)

Not reported 1241 (24.90%) 1246 (22.05%)

Abbreviations: IPCs, the numbers of placement of indwelling pleural catheter; PE, pleural effusion.
aTwo studies did not report the mean age.
bFour studies did not report the gender type.
cThree studies did not report the detailed etiology of malignant PE and four did not report the detailed 
etiology of benign PE.

T A B L E  2  Baseline characteristics of 
patients and IPCs
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incidence of 22.0%.58 Therefore, our study, which in-
cluded a large number of patients with MPE or BPE, 
showed more reliable, and relatively lower, overall com-
plication incidence.

Infection was the most common complication herein 
(5.7%), including wound infection (0.4%), pleural infec-
tion (0.6%), cellulitis (0.9%), and empyema (1.3%). Patil 
et al. showed a higher rate of wound infection (2.7%) and 

F I G U R E  2  Forest plot shows the pooled results of different complications related to indwelling pleural catheter (IPC). CI, confidence 
interval.

F I G U R E  3  Forest plot shows the subgroup analyses results of overall complication and overall infection. CI, confidence interval; PE, 
pleural effusion.
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empyema (2.3%) in their meta- analysis of 325 patients 
with BPE.11 In another meta- analysis of 246 patients with 
MPE, Iyer et al. demonstrated markedly higher rates of 
pleural infection (4.1%) and cellulitis (6.9%).10 Our sub-
group analysis also found the overall infection incidence 
(12.6% vs. 0.7%) and empyema incidence (9.1% vs. 0.0%) 
of patients with liver- related PE were significantly higher 

than that of patients with heart- related PE. Due to the lim-
itation of the small number of studies (2 for liver- related 
and 2 for heart- related), more studies are needed in the fu-
ture to confirm the previous conclusion and the relation-
ship between BPE etiology and infection condition.

In this study, we extracted data of the median time 
ranging from 7 (5– 10) days to 98 (23– 291) days from IPC 

F I G U R E  4  Forest plot shows the subgroup analyses results of different type of infection for patients with BPE. BPE, benign pleural 
effusion; CI, confidence interval; PE, pleural effusion.

F I G U R E  5  Bubble plot shows the meta- regression results of studies on overall complication by country (a), PE- nature (b), PE- location 
(c), and on overall infection by country (d), PE- nature (e), PE- location (f). PE, pleural effusion.
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insertion to infection in four studies. In addition, the re-
ported median time was 41 (interquartile range 19– 87) 
days, and neither antineoplastic therapy nor immuno-
compromised state increased the risk of IPC- related infec-
tion according to a multicenter study of 1408 IPCs among 
1318 patients with MPE.59 These investigators’ conclu-
sions were consistent with those of Mekhaiel et al.60

Methods to prevent and effectively treat postoperative 
infection, in addition to primary disease management, are 
high priorities. Zhao et al. studied 128 patients with MPE 
under focused preventive interventions, including main-
taining an aseptic field throughout the surgical process, 
educating patients about normative IPC use, monitoring 
wound conditions, and regularly changing wound dressing 
and drainage bags; these significantly reduced IPC- related 
infection incidence from 13% to 5%.61 In addition to these 
preventive measures, Gilbert et al. assessed 201 patients 
with MPE or BPE to show that use of prophylactic antibi-
otics decrease infection incidence to 2.2%.62 However, we 
assert that the need for prophylactic antibiotics should be 
confirmed with large sample studies, in light of growing 
drug resistance from improper antibiotic uses. Infections 
should be treated early enough to avoid clinical aggrava-
tion. In cases of wound infection and cellulitis, oral empir-
ical antibiotics, wound disinfection, and dressing changes 
without catheter removal are usually included in clinical 
management. Without timely treatment, wound infection 
and cellulitis can become pleural infection, empyema, or 

systemic infection.63 Yet, in those with pleural infection or 
empyema, intravenous empiric antibiotics (after obtain-
ing adequate blood and pleural fluid cultures) and ade-
quate IPC drainage are commonly used. Antifibrinolytic 
therapy is sometimes required to insure smooth drainage. 
Fitzgerald et al.’s multicenter study addressed the safety 
of antifibrinolytic drugs for IPC- related infections, reveal-
ing that 82% of 39 patients with IPC- related pleural infec-
tion were successfully treated, with no major morbidity 
or mortality, with tPA (2.5– 10  mg) and DNase (5  mg).64 
Further, Altmann et al. concluded that intrapleural fibri-
nolytic therapy is associated with both reduced need for 
surgical intervention and reduced IPC failure, without 
increasing mortality among patients with IPC- related 
pleural infection and empyema.65 Regardless, we should 
attend to the problem of infection, as it accounts for a high 
proportion of IPC- related complications; this includes ap-
propriate post- placement care and early identification and 
management of infection, to avoid systemic infection or 
more serious conditions.

Catheter- related abnormalities included catheter 
obstruction (1.5%), malfunction (1.1%), and leakage 
(0.6%). When a catheter has poor drainage, determin-
ing the cause is the first priority. If the problem is po-
sition, case- by- case tube adjustment or removal may be 
needed. If the lumen is blocked by embolus, antifibri-
nolytic therapy should be used, pending the outcome of 
normal saline irrigation. Emboli usually contain fibrin 

F I G U R E  6  Publication bias 
assessment of all studies on overall 
complication (a). Funnel plot shows the 
potential publication bias (b). Trim and 
fill funnel plot shows that the publication 
bias did not change the pooled result.
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and blood components; as such, alteplase is ideal due 
to its high fibrin affinity and selectivity, and short hal-
flife.66 The trial by Wilshire et al. reviewed 37 pleural 
catheter obstructions with alteplase (2– 5  mg) without 
complication during or following.67 Vial et al. studied 97 
patients with MPE and nondraining IPC who received 
intrapleural tPA; 86% had restored patency after the first 
tPA dose. Among those who re- occluded, a second tPA 
dose restored patency in 72%. Those investigators re-
ported complications in five cases (2 hemothoraces and 
3 infections), among whom all were treated successfully 
without developing more serious events.68

Our pooled incidence of pain was 1.2%. When pain 
occurs, clinicians usually slow or stop drainage and pre-
scribe analgesics, as necessary.69 Pain may also be related 
to trauma from the catheter insertion into the recruitment 
lung.

Loculation (incidence 0.9% herein) included symp-
tomatic (0.8%) and asymptomatic (0.0%). In such cases, 
antifibrinolytic therapy is usually used without com-
plication. Thomas et al. showed pleural fluid drainage 
augmentation in 93% of 66 patients; dyspnea improve-
ment was found in 83%, and only 3% had nonfatal pleu-
ral bleeding after antifibrinolytic therapy for IPC- related 
symptomatic loculations.70 Lan et al. described an older 
woman with high bleeding risk in whom the lowest re-
ported dose of 0.5 mg tPA was used to successfully treat 
loculation from IPC without bleeding.71 We suggest that 
older patients, or those with poor tolerance, should spe-
cifically have treatment initiation for symptomatic locu-
lation at a small dose.

Our meta- analysis also showed that the incidence 
of pneumothorax (0.3%), hemothorax (0.0%), worsen-
ing dyspnea (0.1%), tumor metastasis along the cath-
eter (0.0%), and serious adverse events (0.0%) were 
very- low- to- negligible.

Our study was not without limitations. First, our 
pooled results generally had a high level of heterogene-
ity, for which we were unable to identify a clear source. 
This may have been related to the wide population range 
we included across studies. Second, we included only 
English language articles, which may have led to selec-
tion bias.

CONCLUSION

Our meta- analysis shows reliable pooled incidences of 
IPC- related complications, with infection occurring most 
commonly. The quantitative results herein serve to em-
phasize that clinicians should be aware of the incidences 
of IPC- related complications and apply corresponding 
preventive and therapeutic steps.
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