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BACKGROUND: Physicians often care for patients with 
pleural effusion, a condition that requires thoracentesis for 
evaluation and treatment. We aim to identify the most recent 
advances related to safe and effective performance of tho-
racentesis.     

METHODS: We performed a narrative review with a sys-
tematic search of the literature. Two authors independently 
reviewed search results and selected studies based on rel-
evance to thoracentesis; disagreements were resolved by 
consensus. Articles were categorized as those related to the 
pre-, intra- and postprocedural aspects of thoracentesis. 

RESULTS: Sixty relevant studies were identified and includ-
ed. Pre-procedural topics included methods for physician 
training and maintenance of skills, such as simulation with 
direct observation. Additionally, pre-procedural topics in-

cluded the finding that moderate coagulopathies (interna-
tional normalized ratio less than 3 or a platelet count greater 
than 25,000/µL) and mechanical ventilation did not increase 
risk of postprocedural complications. Intraprocedurally, ul-
trasound use was associated with lower risk of pneumotho-
rax, while pleural manometry can identify a nonexpanding 
lung and may help reduce risk of re-expansion pulmonary 
edema. Postprocedurally, studies indicate that routine chest 
X-ray is unwarranted, because bedside ultrasound can iden-
tify pneumothorax.   

CONCLUSIONS: While the performance of thoracentesis is 
not without risk, clinicians can incorporate recent advanc-
es into practice to mitigate patient harm and improve effec-
tiveness.  Journal of Hospital Medicine 2017;12:266-276.  
© 2017 Society of Hospital Medicine

Pleural effusion can occur in myriad conditions including 
infection, heart failure, liver disease, and cancer.1 Conse-
quently, physicians from many disciplines routinely en-
counter both inpatients and outpatients with this diagnosis. 
Often, evaluation and treatment require thoracentesis to 
obtain fluid for analysis or symptom relief. 

Although historically performed at the bedside without 
imaging guidance or intraprocedural monitoring, thoracen-
tesis performed in this fashion carries considerable risk of 
complications. In fact, it has 1 of the highest rates of iatro-
genic pneumothorax among bedside procedures.2 However, 
recent advances in practice and adoption of newer technol-
ogies have helped to mitigate risks associated with this pro-
cedure. These advances are relevant because approximately 
50% of thoracenteses are still performed at the bedside.3 In 
this review, we aim to identify the most recent key practices 
that enhance the safety and the effectiveness of thoracente-
sis for practicing clinicians. 

METHODS
Information Sources and Search Strategy
With the assistance of a research librarian, we performed a 
systematic search of PubMed-indexed articles from January 
1, 2000 to September 30, 2015. Articles were identified us-
ing search terms such as thoracentesis, pleural effusion, safety, 
medical error, adverse event, and ultrasound in combination 
with Boolean operators. Of note, as thoracentesis is indexed 
as a subgroup of paracentesis in PubMed, this term was also 
included to increase the sensitivity of the search. The full 
search strategy is available in the Appendix. Any references 
cited in this review outside of the date range of our search 
are provided only to give relevant background information 
or establish the origin of commonly performed practices.

 Study Eligibility and Selection Criteria
Studies were included if they reported clinical aspects re-
lated to thoracentesis. We defined clinical aspects as those 
strategies that focused on operator training, procedural tech-
niques, technology, management, or prevention of complica-
tions. Non-English language articles, animal studies, case re-
ports, conference proceedings, and abstracts were excluded. 
As our intention was to focus on the contemporary advances 
related to thoracentesis performance, (eg, ultrasound [US]), 
our search was limited to studies published after the year 
2000. Two authors, Drs. Schildhouse and Lai independently 
screened studies to determine inclusion, excluding studies 
with weak methodology, very small sample sizes, and those 
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only tangentially related to our aim. Disagreements regard-
ing study inclusion were resolved by consensus. Drs. Lai, 
Barsuk, and Mourad identified additional studies by hand 
review of reference lists and content experts (Figure 1). 

Conceptual Framework
All selected articles were categorized by temporal rela-
tionship to thoracentesis as pre-, intra-, or postprocedure. 
Pre-procedural topics were those outcomes that had been 
identified and addressed before attempting thoracentesis, 
such as physician training or perceived risks of harm. In-
traprocedural considerations included aspects such as use of 
bedside US, pleural manometry, and large-volume drainage. 
Finally, postprocedural factors were those related to evalu-
ation after thoracentesis, such as follow-up imaging. This 
conceptual framework is outlined in Figure 2. 

RESULTS
The PubMed search returned a total of 1170 manuscripts, of 
which 56 articles met inclusion criteria. Four additional articles 
were identified by experts and included in the study.4-7 There-
fore, 60 articles were identified and included in this review. 
Study designs included cohort studies, case control studies, sys-
tematic reviews, meta-analyses, narrative reviews, consensus 
guidelines, and randomized controlled trials. A summary of all 
included articles by topic can be found in the Table. 

PRE-PROCEDURAL CONSIDERATIONS
Physician Training
Studies indicate that graduate medical education may not 
adequately prepare clinicians to perform thoracentesis.8 In FIG. 1. Study eligibility and selection criteria.
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FIG. 2. Conceptual framework.
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fact, residents have the least exposure and confidence in 
performing thoracentesis when compared to other bedside 
procedures.9,10 In 1 survey, 69% of medical trainees desired 
more exposure to procedures, and 98% felt that procedur-
al skills were important to master.11 Not surprisingly, then, 
graduating internal medicine residents perform poorly when 
assessed on a thoracentesis simulator.12  

Supplemental training outside of residency is useful to 
develop and maintain skills for thoracentesis, such as sim-
ulation with direct observation in a zero-risk environment. 
In 1 study, “simulation-based mastery learning” combined 
an educational video presentation with repeated, deliberate 
practice on a simulator until procedural competence was ac-
quired, over two 2-hour sessions. In this study, 40 third-year 
medicine residents demonstrated a 71% improvement in 
clinical skills performance after course completion, with 93% 
achieving a passing score. The remaining 7% also achieved 
passing scores with extra practice time.12 Others have built 
upon the concept of simulation-based training. For instance, 
2 studies suggest that use of a simulation-based curriculum 
improved both thoracentesis knowledge and performance 
skills in a 3-hour session.13,14 Similarly, 1 prospective study 
reported that a half-day thoracentesis workshop using simu-
lation and 1:1 direct observation successfully lowered pneu-
mothorax rates from 8.6% to 1.8% in a group of practicing 
clinicians. Notably, additional interventions including use 
of bedside US, limiting operators to a focused group, and 
standardization of equipment were also a part of this quality 
improvement initiative.7 Although repetition is required to 
gain proficiency when using a simulator, performance and 
confidence appear to plateau with only 4 simulator trials. 
In medical students, improvements derived through simula-
tor-based teaching were sustained when retested 6 months 
following training.15

An instrument to ensure competency is necessary, given 
variability in procedural experience among both new gradu-
ates and practicing physicians,. Our search did not identify 
any clinically validated tools that adequately assessed thora-
centesis performance. However, some have been proposed16 
and 1 validated in a simulation environment.12 Regarding 
the incorporation of US for effusion markup, 1 validated 
tool used an 11-domain assessment covering knowledge 
of US machine manipulation, recognition of images with 
common pleural effusion characteristics, and performance 
of thoracic US with puncture-site marking on a simulator. 
When used on 22 participants, scores with the tool could 
reliably differentiate between novice, intermediate, and ad-
vanced groups (P < 0.0001).17  

Patient Selection
Coagulopathies and Anticoagulation. Historically, the 
accepted cutoff for performing thoracentesis is an interna-
tional normalized ratio (INR) less than 1.5 and a platelet 
count greater than 50,000/µL. McVay et al.18 first showed in 
1991 that use of these cutoffs was associated with low rates 
of periprocedural bleeding, leading to endorsement in the 

British Thoracic Society (BTS) Pleural Disease Guideline 
2010.19 Other recommendations include the 2012 Society 
for Interventional Radiology guidelines that endorse correc-
tion of an INR greater than 2, or platelets less than 50,000/
µL, based almost exclusively on expert opinion.5 

However, data suggest that thoracentesis may be safely 
performed outside these parameters. For instance, a prospec-
tive study of approximately 9000 thoracenteses over 12 years 
found that patients with an INR of 1.5-2.9 or platelets of 
20,000 - 49,000/µL experienced rates of bleeding complica-
tions similar to those with normal values.20 Similarly, a 2014 
review21 found that the overall risk of hemorrhage during 
thoracentesis in the setting of moderate coagulopathy (de-
fined as an INR of 1.5 - 3 or platelets of 25,000-50,000/µL), 
was not increased. In 1 retrospective study of more than 
1000 procedures, no differences in hemorrhagic events were 
noted in patients with bleeding diatheses that received pro-
phylactic fresh frozen plasma or platelets vs. those who did 
not.22 Of note, included studies used a variety of criteria to 
define a hemorrhagic complication, which included: an iso-
lated 2 g/dL or more decrement in hemoglobin, presence of 
bloody fluid on repeat tap with associated hemoglobin dec-
rement, rapid re-accumulation of fluid with a hemoglobin 
decrement, or transfusion of 2 units or more of whole blood. 

Whether it is safe to perform thoracentesis on patients 
taking antiplatelet therapy is less well understood. Although 
data are limited, a few small-scale studies23,24 suggest that 
hemorrhagic complications following thoracentesis in pa-
tients receiving clopidogrel are comparable to the general 
population. We found no compelling data regarding the 
safety of thoracentesis in the setting of direct oral antico-
agulants, heparin, low-molecular weight heparin, or intra-
venous direct thrombin inhibitors. Current practice is to 
generally avoid thoracentesis while these therapeutic anti-
coagulants are used.

Invasive mechanical ventilation. Pleural effusion is com-
mon in patients in the intensive care unit, including those 
requiring mechanical ventilation.25 Thoracentesis in this 
population is clinically important: fluid analysis in 1 study 
was shown to aid the diagnosis in 45% of cases and changes 
in treatment in 33%.26 However, clinicians may be reluctant 
to perform thoracentesis on patients who require mechan-
ical ventilation, given the perception of a greater risk of 
pneumothorax from positive pressure ventilation. 

Despite this concern, a 2011 meta-analysis including 19 
studies and more than 1100 patients revealed rates of pneu-
mothorax and hemothorax comparable to nonventilated pa-
tients.25 Furthermore, a 2015 prospective study that exam-
ined thoracentesis in 1377 mechanically ventilated patients 
revealed no difference in complication rates as well.20 There-
fore, evidence suggests that performance of thoracentesis in 
mechanically ventilated patients is not contraindicated.

Skin Disinfection and Antisepsis Precautions
The 2010 BTS guidelines list empyema and wound infection 
as possible complications of thoracentesis.19 However, no 
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data regarding incidence are provided. Additionally, an al-
cohol-based skin cleanser (such as 2% chlorhexidine gluco-
nate/70% isopropyl alcohol), along with sterile gloves, field, 
and dressing are suggested as precautionary measures.19 In 
1 single-center registry of 2489 thoracenteses performed us-
ing alcohol or iodine-based antiseptic and sterile drapes, no 
postprocedure infections were identified.27 Of note, we did 
not find other studies (including case reports) that reported 
either incidence or rate of infectious complications such as 
wound infection and empyema. In an era of modern skin 
antiseptics that have effectively reduced complications such 
as catheter-related bloodstream infection,28 the incidence of 
this event is thus likely to be low.

INTRAPROCEDURAL CONSIDERATIONS
Use of Bedside Ultrasound
Portable US has particular advantages for evaluation of 
pleural effusion vs other imaging modalities. Compared with 
computerized tomography (CT), bedside US offers similar 
performance but is less costly, avoids both radiation expo-
sure and need for patient transportation, and provides re-
sults instantaneously.29,30 Compared to chest x-ray (CXR), 
US is more sensitive at detecting the presence, volume, and 
characteristics of pleural fluid30,31 and can be up to 100% 
sensitive for effusions greater than 100 mL.29 Furthermore, 
whereas CXR typically requires 200 mL of fluid to be present 
for detection of an effusion, US can reliably detect as little 
as 20 mL of fluid.29 When US was used to confirm thora-
centesis puncture sites in a study involving 30 physicians of 
varying experience and 67 consecutive patients, 15% of sites 
found by clinical exam were inaccurate (less than 10 mm 
fluid present), 10% were at high risk for organ puncture, and 
a suitable fluid pocket was found 54% of times when exam 
could not.4 

A 2010 meta-analysis of 24 studies and 6605 thoracen-
teses estimated the overall rate of pneumothorax at 6%; 
however, procedures performed with US guidance were as-
sociated with a 70% reduced risk of this event (odds ratio, 
0.30; 95% confidence interval, 0.20 - 0.70).32 In a 2014 ran-
domized control trial of 160 patients that compared thora-
centesis with US guidance for site marking vs no US use, 
10 pneumothoraces occurred in the control group vs 1 in 
the US group (12.5% vs 1.25%, P = 0.009).33 Similarly, an-
other retrospective review of 445 consecutive patients with 
malignant effusions revealed a pneumothorax rate of 0.97% 
using US in real time during needle insertion compared to 
8.89% for unguided thoracenteses (P  < 0.0001).34 Several 
other studies using US guidance for either site markup or 
in real time reported similar pneumothorax rates, ranging 
from 1.1% - 4.8%.35-37 However, it is unclear if real-time US 
specifically provides an additive effect vs site marking alone, 
as no studies directly comparing the 2 methods were found. 

Benefits of US also include a higher rate of procedural suc-
cess, with 1 study demonstrating a 99% success rate when 
using US vs. 90% without (P = 0.030).33 A larger volume of 
fluid removed has been observed with US use as well, and 

methods have been described using fluid-pocket depth to 
guide puncture site localization and maximize drainage.38 
Finally, US use for thoracentesis has been associated with 
lower costs and length of stay.39,40

Intercostal Artery Localization
Although rare (incidence, 0.18%-2%20,21,39), the occurrence 
of hemothorax following thoracentesis is potentially cata-
strophic. This serious complication is often caused by lac-
eration of the intercostal artery (ICA) or 1 of its branches 
during needle insertion.41 

While risk of injury is theoretically reduced by needle 
insertion superior to the rib, studies using cadaver dissec-
tion and 3D angiography show significant tortuosity of the 
ICA.6,41-43 The degree of tortuosity is increased within 6 cm 
of the midline, in more cephalad rib spaces, and in the el-
derly (older than 60 years).41-43 Furthermore, 1 cadaveric 
study also demonstrated the presence of arterial collaterals 
branching off the ICA at multiple intercostal spaces, rang-
ing between 8 cm and 11 cm from the midline.41 This ana-
tomic variability may explain why some have observed low 
complication and hemothorax rates with an extreme lateral 
approach.35 Bedside US with color flow Doppler imaging has 
been used to identify the ICA, with 88% sensitivity com-
pared to CT imaging while adding little to exam time.44,45 Of 
note, a 37% drop in the rate of hemothorax was observed in 
1 study with routine US guidance alone.39

Pleural Pressure Monitoring and Large-Volume  
Thoracentesis
While normal intrapleural pressures are approximately -5 
to -10 cm H2O,46 the presence of a pleural effusion creates 
a complex interaction between fluid, compressed lung, and 
chest wall that can increase these pressures.47 During drain-
age of an effusion, pleural pressures may rapidly drop, pro-
voking re-expansion pulmonary edema (REPE). While rare 
(0 -1%), clinically-diagnosed REPE is a serious complication 
that can lead to rapid respiratory failure and death.20,48 REPE 
is postulated to be caused by increased capillary permeability 
resulting from inflammation, driven by rapid re-inflation of 
the lung when exposed to highly negative intrapleural pres-
sures.47,49  

Measurement of intrapleural pressure using a water ma-
nometer during thoracentesis may minimize REPE by ter-
minating fluid drainage when intrapleural pressure begins 
to drop rapidly.50,51 A cutoff of -20 cm H2O has been cited 
repeatedly as safe since being suggested by Light in 1980, but 
this is based on animal models.50,52 In 1 prospective study of 
185 thoracenteses in which manometry was performed, 15% 
of patients had intrapleural pressure drop to less than -20 
cm H2O (at which point the procedure was terminated) but 
suffered no REPE.50  

Manometry is valuable in the identification of an unex-
pandable or trapped lung when pleural pressures drop rapidly 
with only minimal fluid volume removal.47,53 Other findings 

Continued on page 273
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TABLE. Summary of Studies in Review, Organized by Topic
Topic Author (Year) Study Design Participants (n) Study Description or Intervention Results and Authors’ Conclusions

Physician  
training

Grover S, et al 
(2009)8

Cohort survey 188 IM residents Assess resident knowledge of 3 core medical 
procedures; 32-item multiple choice test developed 
and given to students, residents, and clinicians   

The instrument was reliable (α = 0.79); resident median score was 
53%; overall knowledge of procedures was poor 

Promes S, et al 
(2009)9

Cohort survey 256 1st y IM 
residents at 3 
training sites

Self-reported survey to evaluate attitudes, 
competency, and exposure to common medical 
procedures in medical school  

New medical interns report having the least experience and 
confidence with thoracentesis of all procedures

Huang G, et al 
(2006)10

Prospective 
cohort

106 IM residents Residents logged procedures performed, answering 
questions evaluating their comfort with 9 aspects of 
4 medical procedures 

Many residents are uncomfortable performing bedside procedures, 
especially when unsupervised (37%); thoracentesis associated with 
less comfort (OR, 0.40; CI, 0.20-0.80)

Lagan J, et al 
(2015)11

Online survey 156 medical 
trainees

Online survey given to trainees regarding attitudes 
and experience related to medicine procedures

Majority of trainees felt procedures were important and wanted more 
exposure; trainees did not feel competent in independent US use; 
thoracentesis confidence positively correlated with exposure (P < 
0.003). 

Wayne D, et al 
(2008)12

Pretest-posttest 
design with no 
control

40 3rd y IM 
residents

Baseline knowledge and skills assessment followed 
by video instruction and deliberate practice on 
thoracentesis simulator until competence attained

Simulation with deliberate practice led to a 71% improvement in 
clinical skills exam, with 100% reaching the mastery standard; 
amount of practice time required was a negative predictor of posttest 
performance 

Lenchus J  
(2010)13

Case cohort  
before and after

56 residents and 4 
medical students

Procedural instruction curriculum (including 
thoracentesis) and pilot developed consisting of 
instruction with videos, simulation, and deliberate 
practice; knowledge, and skills assessed before 
and after

Standardized course resulted in significantly increased knowledge 
scores for all procedures (P < 0.001), along with increased technical 
skills rated on first patient performance (P < 0.001) 

Lenchus J, et al 
(2011)14

Case cohort 
before and after

85 IM residents Residents completed 4 wk multimodal procedure 
course including simulation; assessed with a 
knowledge and skills test before and after 

All participants demonstrated an improvement in medical knowledge 
and technical skills (P < 0.05); a blended, standardized procedure 
curriculum has potential to address shortcomings of traditional 
training

Duncan D, et al 
(2009)7

Prospective 
cohort

244 procedures Institution of a training system to reduce 
pneumothorax rate including focused group of 
operators, ultrasound, and standardization of 
methods and equipment

Institution of improvement program with simulation and US reduced 
rates of pneumothorax from 8.6% to 1.1% (P = 0.0034); effect 
sustained for 2 y 

Jiang G, et al 
(2011)15

Case cohort 
before and after

52 medical  
students

Students performed repeated trials on a thoracentesis 
simulator, and performance was recorded

Performance score, time, and confidence were maximized after trial 
number 4 (P < 0.05); effect persisted at 6 mo on retest and 12 mo 
on first live patient

Berg D, et al  
(2013)16

NA 8 physician  
experts

Checklist developed to aid in the standardization of 
thoracentesis training and competence evaluation

Developed a 23-point checklist with a high level of agreement 
between experts (α = 0.94); requires  implementation for validation 
in simulation and clinical environment

Salamonsen M,  
et al (2013)17

NA 22 trainees 11-domain, 100-point scoring tool developed to 
gauge thoracic US competence; used to score 
participant performance on simulator 

The tool reliably predicted experience level (novice, intermediate, 
expert) regarding thoracic US use and effusion markup (P < 0.0001); 
can be used to document adequacy of US training

Coagulopathies 
and  
anticoagulation

Havelock T, et al 
(2010)19

Consensus 
guidelines

NA Literature review and expert opinion regarding the 
preparation, technique, and complications related to 
bedside thoracentesis

Thoracentesis can be safely performed in most patients with INR 
<1.5 and platelets >50,000/µL, US guidance is recommended; 
routine postprocedure chest X-ray (CXR) not indicated unless concern 
for complication

Patel I, et al  
(2012)5

Consensus 
guidelines

NA Literature review and expert opinion used to 
determine best practices related to the hematologic 
management of patients undergoing percutaneous 
interventions

Thoracentesis is a low-risk bleeding procedure; recommend 
performance if INR <2.0 and platelets >50,000/µL; benefit of 
prophylactic transfusion unclear and risk/benefit should be weighed 
by physician 

Ault M, et al  
2015)20

Prospective 
cohort

9320 
thoracenteses

To evaluate specific demographic and clinical factors 
that have been associated with complications of 
thoracentesis

Low rate of complications with experienced operator; no increase in 
risk with moderate coagulopathy (P = 0.97 INR category, P = 0.55 
platelet category); risk factors for complications included >1 needle 
pass (P = 0.002) and >1.5L fluid removed (P = 0.0001) 

Puchalski J  
(2014)21

Literature review 8 studies, 2600 
procedures

Review of the literature regarding the risk of bleeding 
complications after thoracentesis in patients 
with baseline coagulopathy and the practice of 
prophylactic reversal 

Thoracentesis appears to be safe to perform despite significant 
coagulation abnormalities (INR <3, platelets >25,000/µL); 
prophylactic reversal of coagulation abnormalities not beneficial

Hibbert R, et al 
(2013)22

Retrospective 
chart review

1009 procedures Chart review of US-guided thoracenteses done 
with INR >1.6 or platelets <50,000/µL;  patients 
separated by whether or not coagulopathy corrected 
prior with blood products  

Despite the presence of coagulopathy, the risk of hemorrhagic 
complication is very low (0.40%; CI  0.15%-1.02%); prophylactic 
transfusion of blood products did not alter this risk 

Zalt M, et al  
(2012)23

Prospective 
cohort

30 patients, 45 
thoracenteses

US-guided thoracentesis performed in patients on 
clopidogrel with symptomatic effusion, assessed for 
bleeding complications postprocedure

No clinically significant bleeding complications observed; 
unnecessary to hold clopidogrel before US-guided thoracentesis for 
symptomatic effusion as bleeding risk is low; larger studies required 
to confirm results

Mahmood K,  
et al (2014)24

Prospective 
cohort with 
control group

75 patients 25 patients underwent US-guided percutaneous 
pleural intervention without cessation of clopidogrel; 
bleeding rates compared with control group

1 patient on clopidogrel developed a hemothorax requiring 
transfusion (overall rate, 4%); clinically significant bleeding risk is low 
and comparable to control group (P = 0.15)

Continued on page 271
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TABLE. Summary of Studies in Review, Organized by Topic (continued)
Topic Author (Year) Study Design Participants (n) Study Description or Intervention Results and Authors’ Conclusions

Invasive  
mechanical 
ventilation

Goligher E, et al 
(2011)25

Systematic 
review and meta-
analysis

19 studies, 1124 
thoracenteses

Review of studies relevant to the utility and safety of 
draining pleural effusions in patients on mechanical 
ventilation  

Rates of pneumothorax (3.4%; CI, 1.7-6.5%) and hemothorax (1.6%; 
CI, 0.8-3.3%) were low; drainage of pleural effusions in mechanically 
ventilated patients is safe and appears to improve oxygenation 

Fartoukh M,  
et al (2002)26

Prospective 
cohort

113 patients, 68 
on mechanical 
ventilation

MICU patients with effusion underwent thoracentesis; 
clinicians queried on both pre- and post-tap 
diagnosis 

8.4% of MICU patients had an effusion; thoracentesis aided 
treatment in 56% of cases and altered the final diagnosis in 45% of 
cases; pneumothorax noted in 6 patients (7%)

Skin disinfection 
and antisepsis 
precautions

Cervini P, et al 
(2010)27

Retrospective 
chart review

2489 
thoracenteses

Chart review of patients who underwent US-guided 
thoracentesis to evaluate for infectious complications 
and determine infection rate 

US-guided thoracentesis confers an extremely low risk of infectious 
complication when aseptic technique is used; no infections were 
observed 

Use of bedside 
ultrasound

Soni N, et al  
(2015)29

Literature review NA Review of the literature related to the use of point-of-
care US to evaluate and mange pleural effusions

Regarding pleural effusion characterization US performs similarly 
to CT and is more sensitive than CXR; US guidance reduces 
thoracentesis complications and increases success rates 

Feller-Kopman D 
(2006)30

Literature review NA Review of the basic techniques of bedside US related 
to evaluation of pleural disease and performance of 
thoracentesis  

US guidance improves patient outcomes by reducing the risk of 
complication, and is especially helpful in the setting of small effusions 
and  mechanical ventilation  

Shojaee S and 
Argento A  
(2014)31

Literature review NA Literature reviewed pertaining to basic US physiology, 
common thoracic exam findings, and utility related to 
pleural access 

Bedside US during thoracentesis is recommended because 
it provides immediate results, improved site selection, fewer 
complications, and high accuracy even when done by trainees   

Diacon A, et al 
(2003)4

Prospective 
comparative

67 consecutive 
patients

To assess the value of thoracentesis puncture sites 
identified by clinical examination alone; clinician-
proposed locations were evaluated for accuracy 
against thoracic US

US found that 15% of clinician exam-proposed puncture sites to be 
inaccurate (<10 mm fluid depth) with 10% of sites overlying solid 
organs; US able to identify accurate pocket in 54% of cases where 
exam could not; US increases procedure yield and potentially reduces 
complications

Gordon C, et al 
(2010)32

Systematic 
review and meta-
analysis

24 studies, 6605 
thoracenteses

Literature reviewed to determine the baseline rate of 
pneumothorax related to thoracentesis and identify 
influencing factors

Overall calculated risk of pneumothorax was 6% (95% CI, 4.6%-
7.8%); US guidance  associated with lower risk (OR, 0.3; CI, 0.2-0.7); 
factors increasing this risk were therapeutic indication (OR, 2.6; CI, 
1.8-3.8) and periprocedural symptoms (OR, 26.6; CI, 2.7-262.5)

Perazzo A, et al 
(2014)33

Randomized 
control trial

160 patients Patients randomized to thoracentesis with or 
without US use prior to identifying fluid pocket; 
measured rate of procedure success, fluid yield, and 
pneumothorax

Use of US prior to thoracentesis resulted in a significantly lower rate 
of pneumothorax (1.25% vs 12.5%, P = 0.009), higher procedure 
success (99% vs 90%, P = 0.03) and higher fluid yield (P > 0.014)

Cavanna L, et al 
(2014)34

Retrospective 
chart review

445 patients with 
malignant pleural 
effusions

Chart review of patients status post-thoracentesis 
with or without real-time US guidance; procedure 
success, yield, and complication rates compared

US guidance used in 310 (69%) thoracenteses; use of real-time US 
guidance during thoracentesis for malignant effusions resulted in 
drastically lower pneumothorax rates (0.89% vs 8.89%, P = 0.0001) 

Soldati G, et al 
(2013)35

Prospective 
cohort

106 patients,  
131 procedures

Evaluate efficacy and safety of thoracentesis or pigtail 
catheter placement in the supine or lateral recumbent 
position under real-time US guidance

97% of all procedures successful; pneumothorax rate was 1.4% with 
no bleeding complications observed; pleural procedures in the supine 
or lateral recumbent positions are safe, comfortable, and conducive 
to real-time US guidance 

Pihlajamaa K,  
et al (2004)36

Retrospective 
chart review

212 patients, 264 
thoracenteses

Chart review performed to determine the incidence 
of pneumothorax and contributing variables after 
US-guided thoracentesis

Post-thoracentesis pneumothorax rates were low (4.2%) with no 
increase in risk in mechanical ventilation or based on operator 
experience; recommend against routine CXR postprocedure

Barnes T, et al 
(2005)37

Retrospective 
chart review

450 thoracenteses Charts reviewed of all thoracenteses performed over 
1-year period, assessing for use of US and relation to 
pneumothorax rates

Use of US prior to thoracentesis resulted in a significantly lower rate 
of pneumothorax (4.9% vs 10.3%, P < 0.05); recommend US use be 
considered in all patients

Hooper C, et al 
(2015)3

Retrospective 
review

1252 
thoracenteses

British Thoracic Society pleural procedures audit 
of 90 hospitals over a 2-mo period outlining 
complication rates, consent rates, and use of bedside 
US

Rates of pneumothorax (1.3%) and hemothorax (1.1%) are low; 
use of US guidance is rising since 2010 (69% vs 52%); 50% of 
thoracenteses are still performed at bedside

Zanforlin A, et al 
(2013)38

Prospective 
cohort

45 thoracenteses Assessment of safety and efficacy of thoracentesis 
performed over the area of effusion with maximum 
depth between lung and diaphragm as identified on 
bedside US (“V-point”) 

The “V point” is an easy-to-identify US landmark that provides 
a safe area for needle puncture; no pneumothoraces observed; 
measurement of maximum pocket depth provides a rough estimation 
of effusion volume

Patel P, et al  
(2012)39

Retrospective 
chart review

19,339 
thoracenteses

Premier hospital database queried for thoracenteses 
performed over 1-y period; cost analysis performed 
to determine if use of US led to a change in 
outcomes and cost

US guidance was used in 46% of thoracenteses; associated with a 
decrease in pneumothorax of 16.3% (OR, 0.837; CI, 0.73-0.96, P = 
0.014)  and hemothorax by 38.7% (OR, 0.613; CI, 0.36-1.04; P = 
0.071); US use was associated with a lower cost of hospitalization (P 
< 0.0001) and shorter length of stay (P < 0.0001)

Mercaldi C and  
Lanes S  
(2013)40

Retrospective 
chart review

61,261 
thoracenteses

Claims data reviewed over 2-y period on 
thoracenteses with analysis of US use, 
pneumothorax, length of stay, and hospitalization cost

Use of US during thoracentesis resulted in a reduction in 
pneumothorax by 19% (OR, 0.81; CI, 0.74-0.90); pneumothorax 
occurrence found to increase hospital cost by $2801 (P < 0.001) 
and length of stay by 1.5 days (P > 0.001)

Celik B, et al 
(2009)2

Retrospective 
chart review

12,010 invasive 
procedures

Records of patients treated for iatrogenic 
pneumothorax reviewed to determine causal 
procedure, location, service, treatment required, and 
consequences

164 cases of iatrogenic pneumothorax were identified (1.36%); 
highest risk procedures included central venous catheter insertion 
(43.8% of cases) and thoracentesis (20.1% of cases); 56.7% of 
procedures causing pneumothorax were performed under emergency 
conditions

Continued on page 272
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TABLE. Summary of Studies in Review, Organized by Topic (continued)
Topic Author (Year) Study Design Participants (n) Study Description or Intervention Results and Authors’ Conclusions

Intercostal artery 
localization

Shurtleff E and 
Olinger A  
(2012)41

Observational 
cohort

29 cadavers Identify the course and tortuosity of the posterior 
intercostal coronary artery (ICA) and its collaterals in 
elderly cadavers using dissection

The ICA is unshielded and most tortuous in its course near the 
posterior midline, also demonstrating collaterals within the first 
120 mm; age >60 was associated with higher rates of tortuosity; 
recommend tall pleural procedures be performed ≥120 mm from 
midline 

Helm E, et al  
(2013)42

Retrospective 
review

47 patients,  
298 arteries

Thoracic CT angiograms reformatted and analyzed 
to describe the course and variability in the ICAs and 
the factors that may influence them

The ICA is often exposed in the IC space within the first 6 cm 
lateral to the spine; artery course is more variable when age 
>60 (coefficient 0.91, P < 0.001) and more cephalad rib spaces 
(coefficient -2.60, P < 0.001); recommend all procedures be 
performed lateral to 6 cm from the spine

Yoneyama H,  
et al (2010)43

Observational 
cohort

33 patients 3D CT angiography was performed in elderly patients 
to identify the ICA with calculation of the “percent 
safe space” to quantify vulnerability of laceration 
during thoracentesis

The ICA “percent safe space” was significantly higher at the lateral 
position versus medial position (79.8% vs 61.2%; P < 0.0001); ICA 
tortuosity increased with age, but correlation was low (P = 0.0378; 
r = -0.3631) 

Salamonsen M,  
et al (2012)44

Prospective 
cohort

22 patients Describe a method to visualize the ICA prior to 
thoracentesis using US, and calculate its location 
relative to the overlying rib to identify a “vulnerable” 
vessel

US was able to identify the ICA in 74 of 88 positions examined; 
the ICA was noted to be most central within the IC space near the 
spine and migrated to lie under the rib more laterally; ICA location is 
variable and may be vulnerable even with a lateral approach 

Salamonsen M,  
et al (2013)45

Prospective 
cohort

50 patients Physicians evaluate the reliability of bedside US 
to identify the ICA in patients prior to planned CT 
thoracic angiography as gold standard

The sensitivity and specificity of portable US compared to CT was 
0.86 (0.18-0.91) and 0.30 (0.13-0.54) respectively; bedside US with 
color flow Doppler is a reliable method for detection of a vulnerable IC 
artery; exam added 42 seconds to the procedure time

Wraight W, et al 
(2005)6

Observational 
cohort

38 cadavers,  
62 rib blocks

Rib blocks dissected to identify the neurovascular 
bundle and measure its relation to the inferior rib 
border and attempt to describe a “safe zone” for 
drain insertion

The “safe zone” in the IC space is narrower than thought, and is 
approximately 50%-70% of the way down an interspace to avoid the 
variably positioned IC neurovascular bundle and collaterals

Pleural pressure 
monitoring and 
large-volume 
thoracentesis

Huggins J and  
Doelken P  
(2006)47

Literature review NA This review discusses pleural mechanics and 
pleural manometry including its role in re-expansion 
pulmonary edema (REPE) and diagnosing of a 
nonexpandable lung 

Pleural pressure can be helpful in diagnosing pleural pathologies and 
may improve safely by avoiding REPE performing thoracentesis

Echevarria C,  
et al (2008)48

Systematic review 13 studies Literature review performed to determine the 
prevalence of REPE after thoracentesis and 
associated risk factors

The incidence of REPE is 0%-1%; patients who have a lung collapsed 
>7 days, >3 L fluid drained, or are young appear to be at higher risk 
for this complication 

Sue R, et al  
(2004)49

Retrospective 7 patients on 
mechanical 
ventilation

To investigate if clinical REPE is due to increased 
permeability of the alveolar capillary barrier through 
analysis of pulmonary edema fluid and plasma

The average edema to plasma-fluid protein ratio was 0.58, 
which supports increased alveolar permeability and a hydrostatic 
mechanism as the cause of REPE 

Feller-Kopman D,  
et al (2007)50

Prospective 
cohort

185 thoracenteses Patients undergoing thoracentesis with >1 L removed 
had volume drained, pleural pressure, elastance, 
and presence of symptoms recorded;  parameters 
compared with those who developed REPE  

1 patient developed REPE (0.5%); both clinical and radiographic 
REPE are rare and independent of volume removed, elastance, and 
pleural pressure; no need to stop drainage at 1 L if pleural pressure 
is > -20 cm H2O or symptoms absent 

Villena V, et al 
(2000)51

Prospective 
cohort

61 patients During therapeutic thoracentesis, pleural pressures 
were measured to determine if they could predict 
the amount of fluid that could be safely removed or 
effusion etiology

Measuring intrapleural pressure can allow large amounts of fluid to 
be safely removed and reinforce a diagnosis of trapped lung; neither 
initial pressure nor pleural elastance after the first 500 mL removed 
were predictive of fluid removed   

Doelken P, et al 
(2004)52

Prospective 
cohort

40 patients To compare  the agreement between an electronic 
transducer and water manometer in measuring 
pleural pressures during thoracentesis

Pleural manometry during lar-volume thoracentesis can prevent the 
development of excessively negative pleural pressures; a simple 
water manometer correlated well with an electronic transducer (r = 
0.97;P  < 0.001)

Feller-Kopman D 
(2007)53

Literature review NA This review summarizes the relevant data for the 
use of US and manometry, and their use during 
therapeutic thoracentesis

The data regarding pleural US are sound enough to suggest its use 
should become standard of care; further research is required to 
define the role of formal manometry

Boshuizen R,  
et al (2013)54

Prospective 
cohort

30 patients, 34 
procedures

Manometry used to explore the relationship between 
pleural pressure and a nonexpanded lung in patients 
with malignant effusions; compared with imaging to 
check lung expansion

4 patients were identified as having a nonexpanding lung; total drop 
in pleural pressure (P = 0.009), difference in pleural pressure with 
respiration (P = 0.007), and pleural elastance (P = 0.002) were all 
significantly associated with a nonexpanding lung

Pannu J, et al 
(2014)55

Retrospective 
chart review

214 patients Chart review of thoracenteses performed with and 
without manometry to assess for a correlation 
between intrapleural pressure and patient discomfort 

The use of manometry did not reliably predict the change in chest 
pain (P = 0.12) or dyspnea (P = 0.24) during thoracentesis; similar 
results found in large-volume thoracentesis group

Feller-Kopman D,  
et al (2006)56

Prospective 
cohort

169 patients Serial manometry performed during therapeutic 
thoracentesis to explore the correlation between 
intrapleural pressure changes  and symptom onset

Symptoms developed in 17% of patients; chest discomfort was 
significantly associated with large drops in pleural pressure (P = 
0.001), but opening pressure and total volume removed were not

Abunasser J.  
and Brown R 
(2010)57

Retrospective 
chart review

237 patients, 300 
thoracenteses

Charts reviewed of thoracenteses performed to 
assess the risk of large-volume drainage (>1 L) 
without manometry

137 thoracenteses performed were large volume; no statistically 
significant difference in the risk of pneumothorax, hypotension, or 
bleeding 
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correlated with an unexpandable lung include a negative 
opening pressure47 and large fluctuations in pressure during 
the respiratory cycle.54

While development of symptoms (eg, chest pain, cough, 
or dyspnea) is often used as a surrogate, the correlation 
between intrapleural pressure and patient symptoms is in-
consistent and not a reliable proxy.55 One study found that 
22% of patients with chest pain during thoracentesis had 
intrapleural pressures lower than -20 cm H2O compared 
with 8.6% of asymptomatic patients,56 but it is unclear if the 
association is causal.

Thoracentesis is often performed for symptomatic relief 
and removal of large fluid volume. However, it remains com-
mon to halt fluid removal after 1.5 L, a threshold endorsed 
by BTS.19 While some investigators have suggested that re-
moval of 2 L or more of pleural fluid does not compromise 
safety,57,58 a 4- to 5-fold rise in the risk of pneumothorax was 
noted in 2 studies.20,59 when more than 1.5 L of fluid was 
removed. The majority of these may be related to pneumo-
thorax ex vacuo, a condition in which fluid is drained from 
the chest, but the lung is unable to expand and fill the space 
(eg, “trapped lung”), resulting in a persistent pneumotho-
rax. This condition generally does not require treatment.60 
When manometry is employed at 200-mL intervals with ter-
mination at an intrapleural pressure of less than 20 mm H2O, 
drainage of 3 L or more has been reported with low rates 
of pneumothorax and very low rates of REPE.50,51 However, 
whether this is cause and effect is unknown because REPE 

is rare, and more work is needed to determine the role of 
manometry for its prevention.   

POSTPROCEDURAL CONSIDERATIONS
Postprocedure Imaging
Performing an upright CXR following thoracentesis is a prac-
tice that remains routinely done by many practitioners to 
monitor for complications. Such imaging was also endorsed 
by the American Thoracic Society guidelines.61 However, 
more recent data question the utility of this practice. Mul-
tiple studies have confirmed that post-thoracentesis CXR is 
unnecessary unless clinical suspicion for pneumothorax or 
REPE is present.36,58,62,63 The BTS guidelines also advocate 
this approach.19 Interestingly, a potentially more effective 
way to screen for postprocedure complications is through 
bedside US, which has been shown to be more sensitive 
than CXR in detecting pneumothorax.64 In 1 study of 185 
patients, bedside US demonstrated a sensitivity of 88% and 
a specificity of 97% for diagnosing pneumothorax in patients 
with adequate quality scans, with positive and negative like-
lihood ratios of 55 and 0.17, respectively.65

DISCUSSION
Thoracentesis remains a core procedural skill for hospital-
ists, critical care physicians, and emergency physicians. It is 
the foundational component when investigating and treat-
ing pleural effusions. When the most current training, tech-
niques, and technology are used, data suggest this procedure 
is safe to perform at the bedside. Our review highlights these 

TABLE. Summary of Studies in Review, Organized by Topic (continued)

Topic Author (Year) Study Design Participants (n) Study Description or Intervention Results and Authors’ Conclusions

Mynarek G, et al 
(2004)58

Retrospective 
chart review

711 procedures in 
371 patients

Chart review performed of patients who underwent 
US-guided thoracentesis to assess type and 
frequency of complications and associated risk 
factors

US-guided thoracentesis is a safe procedure with a 2.8% rate of 
pneumothorax; no association with the amount of fluid removed (P 
= 0.096); authors recommend against postprocedure CXR in the 
absence of symptoms

Josephson T,  
et al (2009)59

Prospective 
cohort

471 patients, 735 
thoracenteses

US-guided therapeutic thoracenteses performed and 
effusions drained with no upper limit and without 
manometry; stratified by amount of fluid removed 
and pneumothorax rates analyzed

A steep increase in pneumothorax rate noted when > 1.8 L fluid 
(OR, 3.8; CI 1.28-11.2) and >2.3 L fluid (OR, 5.7; CI, 1.30-24.7) 
removed; amount of fluid removed also associated with higher risk 
for chest tube placement (P < 0.0001)  

Heidecker J,  
et al (2006)60

Retrospective 
chart review

367 patients Charts reviewed of US-guided thoracenteses 
performed with goal of explaining mechanism of 
pneumothoraces that occurred

Authors propose that the majority of pneumothoraces observed were 
found to be related to unexpanded lung as opposed to direct trauma 
or entranced air, and cannot be avoided with manometry

Postprocedure 
imaging

Jones P, et al 
(2003)62

Prospective 
cohort

605 patients, 941 
thoracenteses

Thoracenteses performed in the radiology department 
under US guidance were analyzed to determine the 
incidence of complications

The complication rates of pneumothorax (2.5%), hemothorax (0.2%), 
and REPE (0.5%) were low for US-guided thoracenteses performed 
by interventional radiologists; these rates are less than the reported 
rates for nonguided thoracentesis 

Petersen W, et al 
(2000)63

Prospective 
cohort

199 patients, 251 
thoracenteses

Physicians given questionnaire postprocedure rating 
their concern for complication with CXR obtained at 
doctor discretion; rate of pneumothorax 

Pneumothorax rate was 2.7% when there was no concern for 
complication vs 30% when complication suspected; only procedural 
risk factor associated with pneumothorax was aspiration of 
air; recommend no CXR obtained unless clinical suspicion for 
complication suspected 

Sachdeva A,  
et al (2014)64

Literature review NA Review of relevant literature pertaining to US 
exam techniques, thoracentesis, and an US-based 
procedure service 

Bedside US has utility throughout the pre-, intra-, and postprocedure 
process. It is a viable option for use to detect postprocedure 
pneumothorax and is more sensitive than CXR   

Shostak E, et al 
(2013)65

Prospective 
cohort

185 patients Bedside US exam performed on patients prior to and 
after pleural procedures to detect pneumothorax

8 pneumothoraces identified by CXR, 7 of which were seen on 
bedside US; sensitivity was 88% and specificity 97%; bedside US is 
a valuable tool to detect pneumothorax when a good quality scan is 
obtained

NOTE: Abbreviations: CI, confidence interval; CT, computed tomography; CXR, chest x-ray; ICA, intercostal artery; IM, internal medicine; INR, international normalized ratio; MICU, medical intensive care unit; OR, odds ratio; REPE, re-ex-
pansion pulmonary edema; US, ultrasound.

Continued from page 269
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strategies and evaluates which aspects might be most appli-
cable to clinical practice. 

Our findings have several implications for those who per-
form this procedure. First, appropriate training is central to 
procedural safety, and both simulation and direct observa-
tion by procedural experts have been shown by multiple 
investigators to improve knowledge and skill. This training 
should integrate the use of US in performing a focused tho-
racic exam. 

Second, recommendations regarding coagulopathy and a 
“safe cutoff” of an INR less than 1.5 or platelets greater than 
50,000/µL had limited evidentiary support. Rather, multiple 
studies suggest no difference in bleeding risk following thora-
centesis with an INR as high as 3.0 and platelets greater than 
25,000/µL. Furthermore, prophylactic transfusion with fresh 
frozen plasma or platelets before thoracentesis did not alter 
bleeding risk and exposes patients to transfusion complica-
tions. Thus, routine use of this practice can no longer be rec-
ommended. Third, further research is needed to understand 
the bleeding risk for patients on antiplatelet medications, 
heparin products, and also  direct oral anticoagulants, given 
the growing popularity in their use and the potential con-
sequences of even temporary cessation. Regarding patients 
on mechanical ventilation, thoracentesis demonstrated no 
difference in complication rates vs. the general population, 
and its performance in this population is encouraged when 
clinically indicated. 

Intraprocedural considerations include the use of bedside 
US. Due to multiple benefits including effusion characteriza-
tion, puncture site localization, and significantly lower rates 
of pneumothorax, the standard of care should be to perform 
thoracentesis with US guidance. Both use of US to mark an 
effusion immediately prior to puncture or in real time during 
needle insertion demonstrated benefit; however, it is unclear 
if 1 method is superior because no direct comparison stud-
ies were found. Further work is needed to investigate this  
potential.

Our review suggests that the location and course of the 
ICA is variable, especially near the midline, in the elder-
ly, and in higher intercostal spaces, leaving it vulnerable to 
laceration. We recommend physicians only attempt thora-
centesis at least 6 cm lateral to the midline due to ICA tor-
tuosity and, ideally, 12 cm lateral, to avoid the presence of 
collaterals. Although only 2 small-scale studies were found 
pertaining to the use of US in identifying the ICA, we en-
courage physicians to consider learning how to screen for its 
presence as a part of their routine thoracic US exam in the 
area underlying the planned puncture site.

Manometry is beneficial because it can diagnose a non-
expandable lung and allows for pleural pressure monitor-
ing.52,53 A simple U-shaped manometer can be constructed 
from intravenous tubing included in most thoracentesis kits, 
which adds little to overall procedure time. While low rates 
of REPE have been observed when terminating thoracen-
tesis if pressures drop below -20 cm H2O or chest pain de-
velops, neither measure appears to have reliable predictive 

value, limiting clinical utility. Further work is required to 
determine if a “safe pressure cutoff” exists. In general, we 
recommend the use of manometry when a nonexpandable 
(trapped) lung is suspected, because large drops in intrapleu-
ral pressure, a negative opening pressure, and respiratory 
variation can help confirm the diagnosis and avoid pneumo-
thorax ex vacuo or unnecessary procedures in the future. As 
this condition appears to be more common in the setting of 
larger effusions, use of manometry when large-volume tho-
racenteses are planned is also reasonable. 

Postprocedurally, routine imaging after thoracentesis is 
not recommended unless there is objective concern for com-
plication. When indicated, bedside US is better positioned 
for this role compared with CXR, because it is more sensitive 
in detecting pneumothorax, provides instantaneous results, 
and avoids radiation exposure. 

Our review has limitations. First, we searched only for ar-
ticles between defined time periods, restricted our search to 
a single database, and excluded non-English articles. This 
has the potential to introduce selection bias, as nonprimary 
articles that fall within our time restrictions may cite older 
studies that are outside our search range. To minimize this 
effect, we performed a critical review of all included studies, 
especially nonprimary articles. Second, despite the focus of 
our search strategy to identify any articles related to patient 
safety and adverse events, we cannot guarantee that all rel-
evant articles for any particular complication or risk factor 
were captured given the lack of more specific search terms. 
Third, although we performed a systematic search of the lit-
erature, we did not perform a formal systematic review or 
formally grade included studies. As the goal of our review 
was to categorize and operationalize clinical aspects, this ap-
proach was necessary, and we acknowledge that the quality 
of studies is variable. Lastly, we aimed to generate clinical 
recommendations for physicians performing thoracente-
sis at the bedside; others reviewing this literature may find 
or emphasize different aspects relevant to practice outside  
this setting. 

In conclusion, evaluation and treatment of pleural effu-
sions with bedside thoracentesis is an important skill for 
physicians of many disciplines. The evidence presented in 
this review will help inform the process and ensure patient 
safety. Physicians should consider incorporating these rec-
ommendations into their practice.
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