
Thoracentesis is a commonly-performed procedure involving 
drainage of the pleural space using a needle or catheter. It 

is a typical part of the training curricula for a variety of hospi-
tal specialties including acute medicine, internal medicine, and 
respiratory medicine [1]. Despite training, practice of this pro-
cedure shows wide variation, with causative factors including 
lack of supervised training [2], limited experience with thoracic 

ultrasound (TUS) [3], and uncertainty about the safety of drain-
ing larger fluid volumes [4]. These issues, which extend to per-
formance of other pleural interventions including insertion of 
chest drains, have been identified as factors contributing to pa-
tient discomfort, and in more severe cases, morbidity and death 
[5]. To mitigate some of these risks, specialist hospital-based 
pleural services have been gaining popularity internationally, 
with a typical service led by a respiratory physician trained in 
TUS and pleural interventions, supported by specialist nurses 
and a dedicated location for performance of pleural procedures 
[6]. These teams provide a combination of outpatient services 
and inpatient outreach to facilitate timely and safe management 
of patients with pleural pathology, supporting earlier discharge 
and outpatient management. The combination of well-trained 
personnel, routine use of bedside ultrasound, standardized pro-
cedural practice, and aftercare has been shown to significantly 
improve patient experience and outcomes [7].

Previous studies have examined risk factors for serious com-
plications seen with thoracentesis including pneumothorax, 
bleeding, infection, organ perforation, and re-expansion pulmo-
nary edema (REPE) [8-10]. Common symptoms with pleural 
drainage such as cough and chest discomfort may be mild and 
self-limiting, or in some cases an indication of more serious 
complications such as pneumothorax, symptomatic REPE, or 
non-expandable lung (NEL) [11].

In this study, we reviewed the real incidence of symptoms 
and associated complications with thoracentesis performed by 
an experienced operator in a specialist pleural clinic.

We performed a prospective study of all thoracentesis proce-
dures performed in the Pleural Clinic, Sheba Medical Center, 
Israel, between November 2016 and November 2019. The study 
was approved by the Sheba Medical Center research ethics com-
mittee (ref: 6623-19). All patients provided written informed 
consent for the procedures and data collection.

Clinical information was collected prospectively and was 
also recorded in the electronic medical records. All cases were 



reviewed for complications occurring up to 2 weeks following 
the procedure. If complications occurred, the radiology and sub-
sequent management were reviewed. 

Baseline clinical and demographic details were collect-
ed together with information on the seniority of the operator, 
drainage equipment, side drained, ultrasound-assessed size of 
the effusion, volume of drainage, and chest radiology requests. 

Our clinic thoracentesis procedural technique is detailed in 
Table 1.

Symptoms recorded were cough during the procedure, chest 
or throat discomfort of any severity or duration (not related 
to site of drainage or diaphragm irritation), breathlessness, or 
other. Complications including symptomatic bleeding, pleural 
infection, symptomatic REPE, and pneumothorax up to 2 weeks 
after the procedure were recorded with patient outcomes.

If pneumothorax occurred up to 2 weeks post-procedure, the 
case records and radiology were reviewed in detail to determine 
whether the findings were due to pneumothorax (iatrogenic or 
re-expansion) or NEL.

Bedside TUS was performed using a low-frequency curvi-
linear transducer for all procedures immediately prior to pleu-
ral intervention to examine the hemithorax (effusion volume, 
echogenicity, presence of septations, pleural thickening or nod-
ularity, lung appearance, diaphragm shape and function), and to 
identify the site for puncture. Color Doppler was used to iden-
tify blood vessel position at the intended insertion site to avoid 
accidental puncture and immediately post-procedure to identify 
bleeding. TUS was also used intermittently during drainage to 
review lung expansion and residual fluid volume.

The volume of pleural effusion present on ultrasound was 
recorded in the following way: 

Small = fluid filling at most one intercostal space
Moderate = fluid filling one to two intercostal spaces
Large = fluid filling more than two intercostal spaces

Statistical analyses were performed using IBM Statistical Pack-
age for the Social Sciences statistics software, version 21 (SPSS, 
IBM Corp, Armonk, NY, USA).

We defined eight independent variables (patient age, patient sex, 
operator experience, procedure type, underlying diagnosis, catheter 
type, ultrasound volume, and volume drained) and four dependent 
variables (chest pain, cough, breathlessness, pneumothorax).

For comparison among groups, Pearson Chi-squared tests 
were used for categorical variables. Multivariate linear regres-
sion analysis was used to test the predictors of pain, cough, and 
pneumothorax.

All tests were two-tailed with  < 0.05 considered significant.

During the study period, 658 thoracenteses were performed on 
350 patients in the pleural clinic. The mean age was 71.9 ± 14.8 
years, and 54.4% were male. The majority of procedures were 
performed by an experienced interventional pulmonologist 
(95.7%). Median drainage volume was 1000 ml (range 10–2800 
ml). Details of baseline demographic and clinical characteristics 
are listed in Table 2. 

Of the total number of procedures, 24% were accompanied 
by a reported symptom, and of these cough and pain (either 
chest, or throat) of any intensity or duration were the most 
common, noted in 56.4% and 52% of these cases, respective-
ly. There were no cases of bleeding, infection or symptomatic 
REPE. Eight pneumothoraces occurred (1.2%), of which six 
(75%) were secondary to NEL. Figure 1 outlines all the symp-
toms and complications observed. 

The type of procedure performed (small-volume diagnos-
tic, large-volume therapeutic/diagnostic) was associated with 
the risk of developing symptoms or complications (  = 0.002). 
However, there was no significant association with specific 
symptoms or complications. Catheter-type was not associat-



ed with symptoms or complications. In addition, there was no 
association between underlying diagnosis (malignant versus 
non-malignant) and the development of symptoms.

Linear regression showed TUS-estimated volume pre-proce-
dure and volume drained were predictive of pain (both  = 0.001). 
Likewise, moderate and large volume compared with small vol-
ume on TUS was more likely to be associated with pain (odds 
ratio [OR] 9.49,  = 0.007). Gender was the single variable pre-
dictive of cough (  = 0.004) with a female predominance.

Although there were only 8 pneumothoraces in this group, 
TUS estimated volume was predictive of pneumothorax (  = 
0.021). Details of the pneumothorax cases are outlined in Table 3. 

Two patients required hospitalization (0.3%). One case was as-
ymptomatic and observed overnight with a diagnosis of NEL. A 
second case presented 4 days later with re-expansion hydropneu-
mothorax and had a chest drain inserted, with an 8-day hospital stay.

Thoracentesis performed in a standardized way, by an experi-
enced operator, is commonly associated with patient-reported 
symptoms. Chest pain, of any intensity, appears to be the most 
important symptom to be aware of, as it can predict NEL and 
risk of pneumothorax. When performed optimally, the risk of 
developing complications requiring further intervention or hos-
pitalization is very low (0.3%). We propose there are several 
features of a specialist pleural clinic that contribute to a very low 
incidence of complications associated with thoracentesis. First, 
routine pre-procedural planning, including discontinuation of 
anticoagulants or clopidogrel routinely where safe, and adher-
ence to safe thresholds for platelet count and INR helped avoid 
iatrogenic bleeding complications [12]. Although there is some 
observational data that thoracentesis may be safe even in the 
context of risk factors for bleeding [13,14], we try to correct this 
bleeding risk prior to performing elective procedures in clinic. 
Furthermore, color Doppler assessment to identify intercostal 
vessel position prior to intervention is routinely performed and 
also used to check for bleeding after drainage. This technique 
can be easily performed with standard high and low-frequency 
transducers and is useful both for preventing accidental punc-
ture of aberrant intercostal vessels, and detecting bleeding into 
the pleural space, which has immediate consequences for patient 
management [15]. No cases of iatrogenic pleural space infection 
were observed and this is attributable to a dedicated clean treat-
ment space and the use of sterile technique for all procedures. 

Second, bedside TUS immediately prior to the procedure to 
mark a safe location for insertion and the use of flexible catheters 
(e.g., intravenous cannula or thoracentesis catheters) rather than 
needles, contributed to a lack of dry taps and a very low pneu-
mothorax rate, with no cases caused by inadvertent trauma to the 
lung. Previous studies are in broad agreement that increased op-
erator experience and the use of image guidance reduce the fre-
quency of complications or need for further interventions [12]. 
Several other factors have been shown to be associated with 
increased complication rates, in particular pneumothorax, in-
cluding larger needle size, greater volume aspirated, underlying 
chronic obstructive pulmonary disease, previous radiotherapy, 
and previous pleural aspiration [16,17]. We found that draining 
fluid volumes for therapeutic purposes was more likely to be 
associated with the development of pain. Furthermore, TUS-de-
fined effusion size was predictive of pain and pneumothorax, 
due to the likelihood of performing a larger volume drainage 
(OR 7.26,  < 0.00001, for draining more than 1500 ml if ultra-
sound-defined volume was large as opposed to moderate). 

The use of bedside pre-procedural ultrasound is consistently 
associated with a much lower rate of pneumothorax in pleural 
procedures [18,19] and was used in all cases in this series. In 
fact, Ault and colleagues [20] found a pneumothorax incidence 
of only 0.61% using ultrasound immediately prior to interven-



tion as well as intermittently during drainage to visualize the 
pleural fluid volume and lung expansion in a technique sim-
ilar to ours. A recent retrospective review by Shechtman and 
co-authors [21] of 550 thoracenteses performed in the inpatient 
setting, all with pre-procedural ultrasound performed remote-
ly with skin-marking, found an overall pneumothorax rate of 
12%. Although operator experience and catheter type were not 
reviewed, and the incidence of NEL was not stated, they found a 
higher rate of pneumothorax with larger volume of fluid drained 
(  = 0.01), smaller depth of effusion, bilateral procedures, and 
diagnosis of congestive heart failure (  = 0.026). Reviewing the 
eight cases of pneumothorax in our series revealed the majori-
ty (6/8) were in fact due to NEL, which can be a consequence 
of visceral pleural thickening or reduced lung compliance due 
to intrinsic pathology such as malignancy or radiation fibrosis. 
All cases were managed conservatively with no sequelae. Fur-
thermore, all were detected with either routine post-procedure 
TUS or chest radiography requested due to the presence of 
prolonged chest tightness or pain at the end of the procedure. 
In fact, patient-reported symptoms, in combination with ultra-

sound assessment of lung expansion and drainage, appeared to 
be a safe and sensitive way of determining the optimal volume 
of drainage. Consistent with most centers, we do not use pleu-
ral manometry during thoracentesis, but it is popular in some 
countries and institutions to guide drainage volumes or detect 
NEL. Historical animal studies investigating REPE in pneumo-
thorax had suggested low-risk as long as the pleural pressure 
was kept above -27 cmH

2
O [22]; however, studies in humans, 

including a recent prospective randomized trial by Lentz et al. 
[23] looking at the incidence of chest discomfort and complica-
tions in large-volume thoracentesis with and without manome-
try, found no difference in clinical outcomes. In fact, a signifi-
cant proportion of patients did not experience chest discomfort 
despite increasingly negative pleural pressures, so the decision 
to continue drainage is more nuanced than simply relying on 
pressure measurements or symptoms. Given that drainage vol-
umes greater than 1.5 L have been associated with a higher risk 
of complications, current guidelines usually advocate drain-
age up to this limit, or stopping sooner if uncomfortable chest 
symptoms develop. We found using a composite ultrasound and 



symptom-based approach, with increased caution when drain-
ing above 1.5 L was a reliable way to reduce prolonged symp-
toms and complications. 

No adverse associations were found with cough and it is like-
ly that this symptom is a common and normal consequence of 
lung reinflation after prolonged compressive atelectasis, which 
may also have the effect of counteracting overly negative pleu-
ral pressures [24].

This study also demonstrates the utility of bedside procedural 
ultrasound for excluding post-procedure complications and re-
ducing the need for additional radiology. Approximately half of 
the cases in this series were sent for post-aspiration chest radio-
graphs (31% in year 3, compared with 73% in the first year of the 

pleural clinic), with information on residual fluid volume, lung 
expansion, diaphragm morphology and function, and presence (or 
absence) of complications increasingly gathered from a systemat-
ic and quick ultrasound examination instead. If patients felt well 
after resting for 20 minutes and their physiological observations 
were fine, they were discharged. This finding represents a consid-
erable shortening of the usual period of observation which can be 
a couple of hours, usually followed by a chest radiograph. 

Thoracentesis performed in a specialist pleural clinic ac-
cording to best-practice protocols provides an insight to the 
real incidence of symptoms and complications directly attrib-
utable to physiological changes during pleural fluid drainage, 
by largely eliminating confounding factors such as operator 



expertise, ultrasound use and suitability of equipment. Fur-
thermore, it highlights the advantages of a specialist clinic, 
namely the efficient, routine, and safe performance of invasive 
procedures, while also being the benchmark by which these 
procedures should be taught and practiced in other areas of 
the hospital. 

Some limitations of this study, which may preclude direct com-
parison to thoracentesis performed in other settings, are worth 
mentioning. Most patients were either ambulant or capable of 
sitting for the procedure (653/658, 99%), which is technically 
easier than performing the procedure in a supine, perhaps venti-
lated patient. Although patients seen in clinic are often ill, with 
poor functional status and usually symptomatic [25], reviews 
and procedures in clinic are typically elective rather than emer-
gent. Despite these caveats, a high-volume specialist procedural 
clinic significantly reduces the risk of procedural complications, 
reduces the need for unnecessary additional radiology, and is an 
ideal environment for supervised procedural training. 

Hospital medical practitioners, who are increasingly expected to 
use ultrasound in daily practice on the wards and are expected 
to perform pleural drainage, should be taught to use ultrasound 
combined with observation of common symptoms to reduce the 
risk of complications occurring during thoracentesis. 


