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Percutaneous drainage is the default strategy for evacuating a pericardial effusion. A pericardiocentesis 

can be necessary or required in a wide variety of clinical settings ranging from urgent tamponade to 

relieve in iatrogenic hemorrhagic effusions in the electrophysiology or catheterization room, to planned 

diagnostic procedures in patients with suspected or known malignancy or infections. With the help of 

several procedural improvements over the past decades, echocardiography and fluoroscopy-guided per- 

cutaneous pericardiocentesis has become the standard intervention for evacuating pericardial effusions, 

as well as an essential tool in the diagnostic work-up of an unexplained pericardial effusion. When per- 

formed by skilled physicians assisted by appropriate imaging it is a very safe procedure, and provided 

that an indwelling catheter is placed, it is also very effective with an acceptably low risk of recurrences. 

In this review, the indications and standard techniques for pericardiocentesis are discussed, as well as 

their consequences for patients with iatrogenic and malignant effusions. 

© 2018 Elsevier Inc. All rights reserved. 
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ntroduction 

Percutaneous drainage is the default strategy for evacuating a

arge pericardial effusion. In addition, the procedure is often per-

ormed during the diagnostic work-up of a pericardial effusion,

iving access to fluid samples for further tests in patients with-

ut a clear etiological cause. Less frequently, a pericardial punc-

ure is performed for intrapericardial administration of therapeutic

gents, or for epicardial electrophysiological procedures. Taken to-

ether, this implies that a pericardial puncture can be necessary

r required in a wide variety of clinical settings, ranging from the

rgent relief of tamponade in iatrogenic hemorrhagic effusions in

he electrophysiology or catheterization room, to planned diagnos-

ic procedures in patients with suspected or known malignancy or

nfections. 

Accessing the pericardium is relatively straightforward, but it

s nevertheless essential to be familiar with its function and re-

ation to the heart. The pericardium is a relatively tight sac sur-

ounding the heart and the roots of the aorta and pulmonary

rtery, serving as an anatomical anchor and physical barrier of the

eart [1] . It consists of two layers, the visceral and parietal peri-

ardium, separated by a small amount of serous fluid that lubri-
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ates the external surface of the heart. Pericardial serous fluid is

ontinuously produced from parietal and epicardial capillaries and

rained by the epicardial lymphatic system. On average, the peri-

ardial sac contains only about 25 mL of fluid, with physiological

mounts ranging between 20 and 60 mL [1] . Increased production,

mpaired drainage, or both, will lead to excessive fluid accumu-

ation, sometimes requiring percutaneous aspiration, a technique

ermed pericardiocentesis. In this review, both the indications and

echnical options for pericardiocentesis are discussed, as well as

he consequences of the diagnostic work-up after a pericardial

uncture. 

easons for pericardiocentesis 

The causes of a pericardial effusion are abundant ( Table 1 ).

luid accumulates in the pericardial space as the result of direct

ericardial damage due to inflammation, infection or trauma, or

fter iatrogenic injury to the myocardium, coronary arteries or

alvular structures. Other causes include malignancy, reduced fluid

learance such as in congestive heart failure and mediastinal pro-

esses, and metabolic disturbances. In clinical practice, the most

ikely cause of a pericardial effusion highly depends on the clinical

etting and presentation. It has been reported that using a struc-

ured step-wise approach, based on the patient’s history and clini-

al presentation, lab testing, cardiac ultrasound and, in deliberately

elected cases, pericardial fluid sampling, will establish a clear di-

gnosis in about 70% of patients, leading to a tailored management

2] . 

https://doi.org/10.1016/j.tcm.2018.10.016
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Table 1 

Causes of pericardial effusion. 

Pericardial inflammation 

Pericarditis 

Viral, Bacterial, Fungal, Protozoal 

Auto-immune and auto-inflammatory diseases 

Post-surgery – postcardiotomy syndrome 

Dressler syndrome – Postmyocardial infarction 

Reduced pericardial fluid clearance 

Congestive heart failure 

Nephrotic syndrome 

Cirrhosis 

Trauma 

Blunt and penetrating chest trauma 

Iatrogenic 

Post-cardiac and thoracic surgery 

Percutaneous Coronary Intervention 

Electrophysiological procedure 

Aortic dissection 

Malignancy 

Pericardial primary tumor 

Pericardial metastasis 

Mediastinal malignancy 

Post-radiation 

Chemotherapy-related effusion 

Metabolic 

Uremic 

Hypothyroidism 

Drugs 
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Data on the frequency of different etiologies vary widely be-

tween populations studied. In the past decades, only a handful

prospective series on the etiology of pericardial effusions have

been reported [3–10] . Some of these included distinct populations

in which tuberculosis and HIV are common. As a consequence,

published frequencies of causes of pericardial effusions might not

necessarily be universally representative or relevant for practices in

industrialized countries. Still, tuberculous pericardial effusions, and

effusions due to other infectious diseases, can be common in dis-

tinct migrant populations [11] . In the pediatric setting, the etiology

of pericardial effusions requiring drainage appears to be somewhat

different as well [12] . In a large series of pericardial effusions or

tamponade in children ( n = 9920), the effusion was most often la-

beled as ‘idiopathic’ (36%), or secondary to neoplasia (24%), pneu-

monia (20%) or autoimmune diseases (19%). 

In a contemporary tertiary care setting, the causes of pericardial

effusion have heavily shifted from infectious diseases to iatrogenic

and malignant causes [13] . Malignancy is indeed frequently the un-

derlying cause of pericardial effusions in contemporary practices.

Pericardial disease can be the first manifestation of an underlying

malignancy, especially in those presenting with a cardiac tampon-

ade, represent progression of disease, or be the result of cancer

therapies [14] . As cancer has hence become an important issue in

the management of pericardial disease, malignancy-related pericar-

dial effusion and its implications are discussed in more detail be-

low. 

In the past decade, the booming of complex invasive proce-

dures including pulmonary vein ablations, valvular interventions

and chronic total coronary occlusion interventions have also led to

more procedure-related acute pericardial effusions [15] . As these

procedures are often performed under full anticoagulation or an-

tiplatelet therapy, they not only present a significant risk for acute

tamponade but also add to the risk of need for an urgent pericar-

dial drainage [4] . Acute tamponade is a feared complication in the

catheterization and electrophysiology lab, or after a cardiac device

implantation or lead extraction. In a recent series, detectable coro-

nary artery perforations occurred in 0.7% of percutaneous coro-

nary interventions (PCI) [16] . About half of these cases required

an urgent pericardiocentesis. In chronic total occlusion interven-
ions (CTO), a perforation even occurred in 4% of the cases in a

ecent report, but only 14% of these required a pericardiocentesis

17] . Although there is not always an absolute need for an acute

ericardial drainage, the mortality associated with a perforation-

ssociated tamponade requiring a pericardiocentesis was found to

e very high (17%) [17] . These figures also suggest that every in-

erventionalist and electrophysiologist should be well trained and

omfortable with urgent pericardiocentesis procedures in addition

o interventional techniques to evacuate the pericardial fluid, as

here is often no time to waste. Importantly, pericardial effusions

re often initially missed in the catheterization laboratory, when

n incessant bleeding only causes symptoms after the patient has

oved to the ward. This indicates that physicians and nurses al-

ays should remain vigilant in such patients, especially after com-

lex procedures. 

valuating the need for a pericardiocentesis 

A pericardial puncture or drainage is most frequently performed

hen fluid needs to be removed from the pericardial sac, both

or therapeutic and diagnostic purposes. In addition to effusions,

 tamponade can also be caused by air; a tension pneumoperi-

ardium is rare but can be the result of blunt or penetrating chest

rauma, or due to air aspiration during a pericardiocentesis. The

ericardial space sometimes needs to be accessed in the absence

f significant fluid, with the use of dedicated devices, e.g. for elec-

rophysiological assessment of the epicardium, administering peri-

ardial therapeutics or additional diagnostic procedures such as a

ericardioscopy [18] . 

The clinical presentation of a pericardial effusion often varies

reatly for the same given amount of fluid, from asymptomatic

ases, to causing only dyspnea, to tamponade or acute hemody-

amic collapse. Excessive pericardial fluid can cause a tamponade,

ut the amount of fluid that causes symptoms critically depends

n the rate of fluid accumulation and systemic hemodynamic fac-

ors. At physiological pericardial fluid volumes, the pericardium is

ighly compliant, but compliance decreases steeply with abrupt

uid additions. while a very gradual accumulation of volume in-

reases pericardial compliance [19] . As a result, sudden relatively

mall effusions can be immediately life-threatening, while a pau-

isymptomatic large effusion has likely accumulated over a longer

eriod and is usually well tolerated. 

Not all pericardial effusions need a pericardiocentesis, and the

enefits and risks associated with such a procedure should always

e balanced carefully. Small effusions, especially when the cause

s known, can almost always be left untreated. Modest effusions

econdary to treatable conditions like congestive heart failure or

cute idiopathic pericarditis also generally do not require pericar-

iocentesis. Even larger asymptomatic chronic effusions, such as

hose observed in patients with a systemic inflammatory disease,

an often be managed medically. Still, it is essential to repeat-

dly assess the absence of progression or the effect of non-invasive

herapies on the extent of the pericardial effusion. In prospective

eries of large chronic idiopathic pericardial effusions in patients

ho received regular follow-up (3–6 months), about 40% of effu-

ions regressed completely, while 8% developed a tamponade and

0% required a pericardiocentesis during a mean follow-up period

f 4 years [20] . This indicates that sudden deterioration can occur

n some patients and hence that regular re-assessment remains es-

ential to identify patients who will require a pericardiocentesis. 

When a pericardiocentesis is needed to relieve a cardiac tam-

onade, there is often little time to lose. However, in hemody-

amically stable patients, a pericardial drainage can be delayed for

2–24 h if necessary. Often, the difficulty lies in judging whether

n intermediate pericardial effusion requires a pericardiocentesis.

emodynamic instability and uncertainty about the etiology of
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Table 2 

Indications for pericardiocentesis, using a comprehensive score ( Ref [20 ], Ristic et al.). A score of 6 or above suggests that an urgent pericardiocentesis is 

be warranted. Urgent surgical management regardless of the score should be considered in case of a type A aortic dissection, ventricular free wall rupture, 

severe chest trauma or iatrogenic hemopericardium that cannot be controlled percutaneously. 

Step 1 Etiology Step 2 Clinical presentation Step 3 Imaging 

Malignancy 2 Dyspnea/Tachypnea 1 Cardiomegaly on X-ray 1 

Tuberculosis 2 Orthopnea and no rales 3 Electrical alternans on ECG 0.5 

Recent radiotherapy 1 Hypotension 0.5 Microvoltages on ECG 1 

Recent viral infection 1 Progressive sinus tachycardia 1 Circumferential effusion ( > 2 cm in diastole) 3 

Recurrent effusion, previous puncture 1 Oliguria 1 Moderate effusion (1–2 cm) 1 

Chronic renal failure 1 Pulsus paradoxus > 10 mmHg 2 Small effusion ( < 1 cm), no trauma −1 

Immunodeficiency 1 Pericardial chest pain 0.5 Right atrial collapse > 1/3 of cardiac cycle 1 

Hypo/hyperthyroidism −1 Pericardial friction rub 0.5 Inferior vena cava > 2.5 cm, < 50% inspiratory collapse 1.5 

Systemic autoimmune disease −1 Rapid worsening of symptoms 2 Right ventricular collapse 1.5 

Slow evolution −1 Left atrial collapse 2 

Mitral/tricuspid respiratory flow variations 1 

Swinging heart 1 
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Fig. 1. Entry ports (circles, A = subxiphoidal, B = apical, C = parasternal) and direc- 

tion of needle trajectory in standard pericardiocentesis approaches. 
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he effusion are indications for a pericardiocentesis regardless of

he extent of effusion, but this is much less clear when the effu-

ion causes few symptoms and the source of the effusion is more

r less established. The European Society of Cardiology’s Work-

ng Group on Myocardial and Pericardial diseases issued a help-

ul position statement to guide the physician in the triage of car-

iac effusion and tamponade [21] . The authors developed an un-

alidated tool that combines the (likely) etiology, clinical presen-

ation and imaging parameters into a three-step score ( Table 2 ). A

core of 6 and above indicates that an urgent pericardiocentesis is

equired, at least after ruling out contraindications, while a score

elow 6 suggests that the procedure can be postponed or planned

lectively. The authors specifically highlight four clinical pericardial

ffusion scenarios that are obviously exempted from the score,

owever: type A dissection, ventricular rupture after myocardial

nfarction, chest trauma, which all often require an immediate sur-

ical intervention, and an iatrogenic hemopericardium. 

rocedural considerations 

There are only a few conventional ways to remove excess peri-

ardial fluid and a percutaneous pericardiocentesis is by far the

ost straightforward and virtually always the fastest technique.

t is a very safe technique if performed by an experienced op-

rator in a patient without contraindications for a percutaneous

rocedure. Ideally, a basic laboratory panel including an INR and

 platelet count should be performed before the procedure, as an

NR above 1.5 and a platelet count below 50,0 0 0 are considered

o be relative contraindications for a pericardiocentesis [22] . Anti-

oagulation is also a relative contraindication for a pericardiocen-

esis [22] . Still, an urgent pericardial drainage might be unavoid-

ble in acutely or chronically anticoagulated patients during or

ust after an electrophysiological or coronary intervention. In ad-

ition, a low platelet count is common in pericardiocentesis pa-

ients who have an underlying malignancy, especially when being

reated with chemotherapy [23] . A prophylactic platelet transfusion

s rarely needed and even often unproductive before a pericardial

uncture in these patients, however, even with a platelet count

elow 20,0 0 0 p/mL [23 –25] . Still, it is advisable to carefully use

 echocardiography- and fluoroscopy guided parasternal or apical

pproach for such patients, although in experienced hands a subx-

phoidal approach appears to be safe as well [24] . 

In the past decades, access to the pericardial sac has become

uch safer because of the systematic use of imaging modalities

o guide the procedure. It is mandatory to obtain a good inter-

retation of the extent and localization of the effusion before the

rocedure, although emergency pericardial punctures sometimes

imply cannot wait. Imaging will also identify other factors that

irectly influence the mode and localization of the puncture, such
s intrapericardial masses or adhesions. In contemporary tertiary

ractices, patients with pericardial disease will often undergo ad-

anced multimodality cardiac imaging, including cardiac magnetic

esonance imaging, CT scan and positron emission tomography,

hich may all assist in deciding if, when and how a pericardial

rainage should be carried out [26–28] . Most often, however, a

outine echocardiography is the fastest and most accessible tool to

isualize the effusion, followed by fluoroscopy guiding the position

nd trajectory of the needle during the procedure itself. A typical

xample is shown in Fig. 2 . 

Several puncture sites are possible, but the standard subx-

phoidal, parasternal or apical approaches are most commonly used

 Figs. 1 and 3 ). The choice of the anatomical location for the punc-

ure depends on the extent and localization of the pericardial fluid,

atient anatomy, as well as on the expertise of the cardiologist.

ost often, the puncture should be directed towards the most ex-

ensive fluid accumulation, which might also be affected by the

osition of the patient. Care should be taken to avoid punctur-

ng intercostal and internal mammary arteries, as well as liver and

ungs. After successfully accessing the pericardial sac, a J-tip wire

s advanced and exchanged for an indwelling pigtail catheter. The

eed for prolonged drainage beyond the initial fluid removal after

 pericardiocentesis depends on the etiology of the effusion and
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Fig. 2. Imaging of a pericardial effusion and pericardiocentesis in a 62-year old male patient with a metastasized pulmonary adenocarcinoma. Panels A, B and C demonstrate 

the effusion (double-headed arrow) on transthoracic echocardiography (subxiphoidal (A) and apical (B) views) and CT (C). Panels E and F show fluoroscopic images during 

the pericardiocentesis; panel E shows the needle tip ( ∗) puncturing the pericardium while a guide wire is advanced in the pericardial space, and panel F shows advancement 

of a pig tail catheter (#). Panel D is an echocardiographic subxiphoidal view after complete drainage three days after the pericardiocentesis. The effusion was hemorrhagic 

and contained malignant cells on pathological examination. 
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the reason for pericardiocentesis, the clinical evolution and the rate

of fluid drainage. In most cases, however, the risk of recurrence

can be halved by leaving a pigtail catheter in place for at least one

to two days, and is recommended for the majority of cases. The

catheter can usually be removed as soon as it produces less than

30–50 mL/day. 

In some cases, a surgical drainage might be preferred over

a percutaneous approach, for instance when an ongoing pericar-

dial hemorrhage needs to be managed early after cardiac surgery.

Still, most post-cardiac surgery or malignancy-related pericardial

effusions can be effectively managed percutaneously. A surgical

drainage can also become unavoidable in recurrent cases, after a

failed attempt at a percutaneous drainage, or when echocardio-

graphic features suggest that a percutaneous puncture might not

be safe or feasible. This might be in case of posterior located

effusions, or excessive pericardial adhesions and a loculated as-

pect, or a clearly clotted hemopericardium [29] . Regardless of the
eason for a pericardial drainage, reinterventions because of re-

ccumulation are less frequent after a surgical intervention. Al-

ernatives to surgery for posteriorly located effusions include a

ransesophageal, transpleural or transbronchial pericardial punc-

ure, but there is only anecdotal evidence on the safety of such

pproaches [30 , 31] . Alternatively, posteriorly located effusions can

lso be effectively reached via a more caudal transhepatic trajec-

ory [32] . 

ltrasound-guided approach 

Echocardiography has revolutionized pericardiocentesis proce-

ures, and over the past decades it has become a truly indis-

ensable tool. Before the advent of routine cardiac ultrasound, a

ericardiocentesis was performed blindly or under fluoroscopic

uidance. In experienced hands, echocardiography-guided pericar-

ial drainage has proven to be a very effective procedure, with
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Fig. 3. Transverse view of two anterior puncture approaches with ultrasound guid- 

ance (circles, A = medial to lateral, B = lateral to medial). With a medio-lateral ap- 

proach, care needs to be taken to avoid puncturing the internal mammary artery. 
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ew complications. A large series from the Mayo Clinic’s covering

rocedures from 1979 to 20 0 0 reported overall major and minor

omplication rates of only 1.2% and 3.5%, respectively [10] . Usually,

 quick echocardiographic assessment of the localization and the

afest needle puncture approach right before the procedure suf-

ces. Much more than fluoroscopy, echocardiography indeed en-

bles the operator to assess the nature and localization of the effu-

ion, the presence of adhesions, and intrapericardial masses versus

ericardial fat. 

Osman and colleagues describe a variant of the parasternal

uncture technique, using a medial to lateral oblique needle tra-

ectory under continuous in-plane ultrasound monitoring [33] . The

dvantage of using a high-frequency linear ultrasound probe when

uncturing from a parasternal entry is that it allows visualization

nd avoidance of the left internal mammary artery ( Fig. 3 ). There

re several additional techniques or tricks that can be used to en-

ance the efficacy and hence safety of an ultrasound-guided peri-

ardial puncture. One simple but effective and safe way to ensure

ericardial localization while puncturing is to inject agitated saline

hrough the needle. A more elaborate but very safe approach uses

ontinuous real-time echocardiography monitoring throughout the

rocedure, using a bracket mounted on the ultrasound probe [34] . 

luoroscopy-guided approach 

Like cardiac ultrasound, fluoroscopy has made performing a

ericardiocentesis much safer and more effective than a blind

uncture. In contemporary practice, fluoroscopy is largely used to

uide the needle advancement, after establishing the extent of the

ffusion and ideal needle trajectory via echocardiography. Using a

ateral fluoroscopic view, the operator can safely advance the nee-

le tip with the guidance of the epicardial halo sign as a kind of

no-go zone’ [35] . The epicardial halo phenomenon is a distinct ra-

iographic line bordering the heart; although its origins are not

ell understood, its intensity clearly correlates with the extent of

ericardial fluid [35] . In our view, although certainly not always

ecessary, the addition of fluoroscopy to cardiac ultrasound helps

void myocardial puncture or laceration. It might also be an al-
ernative imaging technique when ultrasound is not possible, as

or instance in patients with mediastinal emphysema. In addition,

 correct placement of the tip of the needle in the pericardial

pace can be verified with a small amount of contrast, before

dvancing a guidewire. This can be especially helpful when blood

s aspirated, avoiding the advancement of the guidewire into a ven-

ricle or great vessel. 

T-based approach 

Echocardiography often suffices to assess the necessity of a

ericardiocentesis and to gauge the procedural requirements and

isk. Sometimes additional imaging techniques are required to

afely access the pericardial space, or to better assess the nature of

he effusion and pericardial disease during the workup of a patient

ith a large pericardial effusion, however. A computed tomogra-

hy (CT) improves the diagnostic yield of a traditional workup of

linical assessment, cardiac ultrasound, inflammatory markers and

ericardial fluid cytology, especially in patients with a malignancy

36] . In addition, CT can be useful in guiding the pericardiocentesis

tself. Like cardiac ultrasound, a CT-guided pericardial drainage ap-

ears to be safe and effective in experienced hands [37–39] . As it

equires repeated scans while advancing both the anesthesia and

uncture needles to the pericardium, the technique takes longer

nd is clearly more elaborate than the standard echo-guided punc-

ure. With the help of a disposable grid with 1 cm 

2 radiopaque

ines, however, it is especially worth considering in case of (very)

mall or posteriorly located effusions, as well as with loculated ef-

usions and when there is reduced echogenicity [40] . 

nvasive hemodynamic monitoring 

Invasive hemodynamic monitoring is not routinely required

uring a pericardiocentesis [22] , but is used in some institutions

o rule out effusive-constrictive pericarditis. In effusive-constrictive

ericarditis, features of reduced pericardial compliance and hemo-

ynamically significant pericardial fluid are simultaneously present

41] . Typically, atrial pressure remains elevated and symptoms then

ersist after evacuating the pericardial effusion in these patients.

lthough the diagnosis of concomitant constrictive pericardial dis-

ase in patients undergoing pericardiocentesis can be made non-

nvasively using multimodality imaging, at least in experienced

ands, a cardiac catheterization is strictly indicated when imaging

oes not provide a definite diagnosis of constriction [22 , 42] . 

iagnostic steps 

Pericardial fluid samples are usually sent to the laboratory for

urther analyses, unless the etiology is crystal clear such as in

atrogenic effusions. Standard tests to determine whether serous

uid is an exsudate or a transudate, including protein, glucose, cell

ount, LDH, are rarely informative, however, as most pericardial ef-

usions appear to be exsudates [43 , 44] . Still, a low glucose level

an be useful for early diagnosis of bacterial pericarditis. Additional

amples should nevertheless be sent for (myco)bacterial and fungal

ulture or PCR testing, as well as cytology (see further). To com-

lete the work-up of pericardiocentesis patients, a complete blood

ount and chemistry should be done, including a renal and thyroid

unction. In selected patients, tumor markers, serology and tests to

ule out systemic autoinflammatory diseases might also be helpful.

omplications 

In the modern era of echocardiography-guided pericardiocente-

is, complication rates are low, but it can still be a high-risk pro-

edure in inexperienced hands ( Table 3 ). Mortality directly related
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Table 3 

Complications of a pericardiocentesis. 

Cardiac complications 

Free wall laceration and myocardial perforation 

Coronary puncture 

Bacterial pericarditis 

Arrhythmias and cardiac arrest 

Vagal reaction and bradycardia 

Pneumopericardium 

Decompression syndrome and congestive heart failure 

Non-cardiac complications 

Pneumothorax 

Hemothorax - Internal mammary artery laceration 

Hepatic or intraabdominal bleeding 

Diaphragmatic laceration and phrenic nerve injury 
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to the pericardiocentesis itself is very rare, while in-hospital death

(about 15%) is largely related to the underlying disease process

[13] . The most feared and life-threatening direct complication of

a pericardial drainage procedure is myocardial free wall laceration

or coronary puncture, occurring in less than 1% of procedures [13] .

The risk of such complications should be kept to a minimum by

performing the procedure under echocardiographic guidance, even

when done urgently. As such a bleeding sometimes only becomes

symptomatic a few hours after the pericardiocentesis, high-risk pa-

tients such as after an iatrogenic hemopericardium might need at

least a few hours of close monitoring. 

Even in urgent pericardial drainage procedures in the catheter-

ization lab or emergency room, care needs to be taken to main-

tain strict aseptic conditions during the puncture and catheter in-

sertion, to avoid bacterial infections. Prophylactic antibiotic use is

not recommended, however [22] . Ideally, blood pressure and elec-

trocardiographic monitoring is always performed during a peri-

cardial puncture. Arrhythmias including atrial fibrillation, are rel-

atively common in pericardiocentesis patients. Atrial or ventricular

arrhythmias are triggered by the puncture needle or the pericardial

dwelling catheter, particularly in patients with enhanced suscepti-

bility due to the underlying pericardial disease. Patients can also

become vagal while puncturing the pericardium, especially in the

absence of adequate local anesthesia, and develop a severe brady-

cardia. This might exacerbate the hemodynamic impact of the peri-

cardial effusion and requires prompt atropine administration in ad-

dition to a fast fluid challenge. 

Pericardiocentesis is an essential skill for cardiologists and

emergency care specialists, and therefore it is important that the

physician performing the procedure is skilled in emergency peri-

cardial drainage and is aware of the potential complications associ-

ated with it. A minimum of 5 supervised procedures during train-

ing have been recommended [21] . Although a pericardial drainage

is not rare, it might be uncommon enough for trainees to only be

able to acquire experience in just a handful of procedures. A cheap

home-made teaching model for ultrasound-guided pericardiocen-

tesis, using two balloons and a fiber supplement, has been success-

fully developed as a proxy for pericardiocentesis, but physicians in

training should nevertheless be exposed to as many real-life pro-

cedures as possible under expert supervision [45] . 

Complex invasive cardiac procedures are often performed un-

der full anticoagulation or antiplatelet therapy, adding to the risk

of an urgent pericardial drainage in case of an iatrogenic cardiac

tamponade [4] . Drainage of acute effusions related to cardiac pro-

cedures was indeed found to be associated with a 2.4-times higher

risk of complications and a 27% higher risk of in-hospital mortality

in a contemporary large Chinese pericardiocentesis series [13] . This

is likely related to the antithrombotic therapies, but also to the ad-

ditional challenge of correctly locating a small hemorrhagic peri-

cardial fluid collection, indistinguishable from circulating blood, in

urgent circumstances. 
When a patient deteriorates after initial improvement after a

ericardiocentesis, a pericardial decompression syndrome needs to

e ruled out. Pericardial decompression syndrome is a rare com-

lication, resulting in a paradoxical acute global cardiac failure

nd pulmonary edema after pericardial drainage. Its occurrence

s probably underreported, and might occur in up to 5% of all

ericardiocentesis cases, especially after rapid drainage of a large

olume. The pathophysiology of acute myocardial dysfunction fol-

owing pericardial drainage is poorly understood and is probably

ultifactorial, related to relative changes in right versus left ven-

ricular hemodynamics [46] and coronary flow, as well as changes

n sympathetic drive [47] . As a consequence, the management of

ecompression-related cardiac failure is mainly supportive. It is

hought to be largely preventable by limiting the initial volume

rained to 10 0 0 mL, and removing the remaining fluid more slowly

ia an indwelling catheter. 

Hemodynamic deterioration following initial improvement after

ericardial drainage can also by caused by a pneumopericardium.

udden negative intrapericardial pressure, e.g. while drawing a

eep breath or excessive coughing, can cause air to be sucked

n and trapped in the pericardial space, both during open needle

ccess during the pericardiocentesis or after the procedure when

he drainage system is not well connected. A small amount of air

s harmless, but large amounts can cause a tension pneumoperi-

ardium and hemodynamic instability and need to be managed

mmediately. It is important to rule out an iatrogenic tension pneu-

opericardium in a patient who remains or becomes hemodynam-

cally unstable despite a successful pericardial drainage, in which

ase an emergency echocardiography will show an obscured heart,

nd a fluoroscopy will reveal the presence of intrapericardial air.

ther causes of hemodynamic instability after a pericardiocentesis

nclude a pneumothorax or an excessive bleeding from an inadver-

ent liver or intercostal artery puncture and also need to be ruled

ut immediately using additional imaging. 

utcome after pericardiocentesis 

Both short and long-term outcome of patients undergoing a

ericardiocentesis largely depend on the etiology of the effusion

48] . Recurrences after a pericardiocentesis are rather frequent,

ertainly when no pericardial drain is left in place for at least 24–

8 h after the pericardiocentesis [49] . Registries suggest that re-

urrences affect 1 out of every 4 patient after a pericardiocente-

is [29 , 50] . Often, a new pericardiocentesis is then unavoidable. In

ther cases, especially in cancer patients, a more permanent sur-

ical intervention or an extended catheter drainage can be neces-

ary. In addition, in asymptomatic patients with a pericardial ef-

usion initially managed non-invasively, it remains important to

onitor the extent of the effusion over time and plan an inter-

ention when symptoms arise or the effusion progresses [21 , 51] .

lthough some patients with a pericardial effusion often initially

ave features of constriction on imaging after pericardiocentesis,

his rarely progresses to serious symptomatic constriction requiring

urgery [42] . 

Life expectancy after a pericardiocentesis for a post-viral infec-

ion or idiopathic effusion is excellent, but can be bleak in other

tiologies [48] . We recently reported on the outcome of our con-

ecutive pericardiocentesis patients over the span of a decade, with

 median follow-up of 26 months [9] . Unsurprisingly, patients with

alignant pericardial effusion had a significantly worse long-term

rognosis compared to patients with another (or no definite) diag-

osis (hazard ratio 3.3, 95% CI 2.4–4.6). After two years, about 80%

f patients with an underlying malignancy had died. Similar very

oor survival rates in cancer patients were reported in another

ontemporary cardiac tamponade cohort [23 , 52] . Patients with an

atrogenic effusion also have a poorer outcome in the years fol-
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owing the pericardiocentesis, reflecting a higher risk due to their

omorbidities rather than excessive immediate risk associated with

he procedure itself. 

ericardiocentesis in malignancy 

Although there are geographical differences in the etiology

f pericardial effusions requiring pericardiocentesis, malignancy is

niversally one of the most frequent causes. Cancer-related peri-

ardial effusions are especially frequent in tertiary hospitals with a

arge oncology practice. A significant pericardial effusion can affect

he outcome of cancer patients, in the form of a life-threatening

cute tamponade but also as a first or additional metastatic site.

arly detection and expedite work-up of a pericardial effusion can

herefore have a significant impact on the management of cancer

atients. 

Several pathophysiological mechanisms can contribute to a

ancer-related pericardial effusion. The effusion is frequently either

ue to metastatic or direct invasion of a non-cardiac tumor, often

esulting in a hemopericardium, but also secondary to mediastinal

ymph node involvement or even paraneoplastic [53] . Furthermore,

ffusions can also be caused by or be the result of specific can-

er treatments, such as mediastinal radiation, certain chemothera-

eutic agents or opportunistic infections in immunocompromised

atients receiving chemotherapy, as well as post-operatively in pa-

ients who underwent thoracic surgery. Primary solid tumors of

he pericardium, including malignant mesotheliomas and synovial

arcomas, are very rare, and herald a poor prognosis [54] . 

The diagnosis or exclusion of cancer-related pericardial involve-

ent in malignancy is to large extent established by pericardial

ytology. The sensitivity of pericardial fluid cytology ranges from

7% to 92%, depending on the ‘gold’ standard used per study

55 –57] Most often, a specific interpretation of the cytology can be

ade, i.e. samples appear either benign or malign while an “atypi-

al cells” labeling is uncommon [57] . Assessment of tumor markers

n pericardial fluid can help distinguishing malignant from nonma-

ignant effusions, especially in sanguineous samples with negative

ytology, although the cut-off values of these markers remain con-

roversial [58] . 

Known cancer patients undergoing pericardiocentesis often

ave a benign cytologic interpretation of their pericardial fluid

57] . Vice versa, up to 90% of patients with a pericardial fluid sam-

le cytology positive for malignancy have previously known cancer,

owever [56 , 57] . In a contemporary cohort of consecutive pericar-

iocentesis patients, positive cytology was found in a quarter of all

atients and more than half of the cancer patients [9] . Importantly,

ore than 10% of pericardiocentesis patients had a new diagnosis

f cancer or had a first metastatic site of an already diagnosed can-

er. In this study, outcome was equally deplorable regardless of the

resence of cancer cells in pericardial fluid samples [9] . In a sim-

lar cohort, lung cancer but not breast cancer patients did have a

ignificantly shorter survival with a positive compared to a nega-

ive pericardial cytology [23] . In any case, and given the relatively

igh rate of new diagnoses of malignancy in patients undergoing

ericardiocentesis and the clear consequences for treatment and

urvival, a systematic cytological analysis of pericardial fluid in the

bsence of a clear-cut alternative clinical diagnosis is simply

andatory [9] . 

When the etiology of an effusion remains unclear, a pericardial

iopsy is sometimes considered to establish the underlying dis-

ase in selected cases [22] . Given the pathophysiology of pericar-

ial effusions in cancer, however, it might be more likely to detect

alignant cells in fluid samples rather than in a random surgical

ericardial biopsy. A direct comparison between pericardial fluid

ytology and a pericardial biopsy showed an excellent concordance

88%) [56] . However, cytology appeared to be much more sensitive
n detecting pericardial malignancy: 92% versus only 55% for peri-

ardial biopsy. Hence, a pericardial biopsy is rarely necessary, at

east not in the initial work-up of the patient with an unexplained

ericardial effusion. Still, a concomitant biopsy at the time of

ericardiocentesis can increase the sensitivity of detecting malig-

ancy in patients with low-volume effusion [56] . Visually targeted

amples taken during pericardioscopy do not appear to improve

he diagnostic yield of pericardial biopsies [59] . A biopsy via a

inimal invasive surgical procedure might also be preferred in pa-

ients with a substantial intrapericardial solid mass. 

Malignant effusions tend to relapse. A surgical approach via a

ericardial window has long been considered as the most defi-

ite way to treat malignant effusions. In one contemporary retro-

pective study in cancer patients, a surgical pericardiotomy indeed

ed to a significantly lower risk of relapse versus a percutaneous

rainage [60] . On the other hand, the placement of a pericardial

atheter allows local administration of sclerotherapy or chemother-

py [61 , 62] . Several small studies have indeed shown that in-

rapericardial administration of such agents can prevent relapses,

ut side effects including fever are fairly common, and sometimes

uite severe [63] . In practice, most malignant effusions are treat-

ble percutaneously provided that a catheter is left in place for at

east a few days, and a surgical approach can be mostly reserved

or relapses or percutaneously inaccessible effusions. In advanced

r terminal cancer patients, a percutaneous balloon pericardiotomy

an be considered as a less invasive alternative to a surgical peri-

ardial window, although repeat interventions still remain frequent

fter such a procedure [64] . In the end, it is important to realize

hat the patient’s prognosis is largely determined by the underly-

ng malignancy, which is often in an advanced stage when causing

 pericardial effusion [65] . 

onclusions 

Given the pace of progress made in advanced invasive cardiac

herapies and cancer therapies, it is likely that the need for peri-

ardiocentesis procedures will only continue to grow in the fore-

eeable future, especially in tertiary centers. Fortunately, with the

elp of several procedural improvements over the past decades,

chocardiography and fluoroscopy-guided percutaneous pericardio- 

entesis has become the standard intervention for evacuating large

ericardial effusions, as well as an essential tool in the diagnos-

ic work-up of an unexplained pericardial effusion. When per-

ormed by skilled physicians assisted by appropriate imaging it

s indeed a very safe procedure, and provided that an indwelling

atheter is placed, it is also very effective with an acceptable risk

f recurrences. Although some dedicated techniques to safely ac-

ess the pericardium, even when no or very little fluid is present,

ave been around for over 20 years, such devices have not yet

een adopted in daily practice outside a handful of highly spe-

ialized centers. The next frontiers in pericardial effusions man-

gement are more likely to be better prevention by safer coronary

nd electrophysiology interventional techniques in the first place,

s well as earlier detection of pericardial involvement and earlier

nd targeted therapies in cancer-related effusions. Ideally, these

rontiers should be pushed with the help of randomized clinical

rials. 
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