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Pericardiocentesis

Robert G. Baeten and David L. Alexander

 Introduction

Pericardiocentesis is a therapeutic procedure usu-
ally performed to relieve a large, symptomatic 
pericardial effusion or pericardial tamponade and 
occasionally to identify the etiology of a pericar-
dial effusion. Initial pericardial drainage dates 
back over 200 years to Romero in 1815 and the 
first “blind” pericardiocentesis performed by 
Schuh in 1840 with a trocar and cannula [1].

The etiology of most pericardial effusions cor-
relates to the underlying clinical condition. In 
developed countries, up to 50% of pericardial 
effusions remain idiopathic despite diagnostic 
workup [2, 3]. Although the cause may be diffi-
cult to establish in many patients, for others it is 
often associated with an underlying disease [4, 
5]. If clinical clues are absent, the most common 
etiologies of effusion are cancer (10–25%); peri-
carditis and infectious causes (15–30%), mainly 

tuberculosis (TB); iatrogenic (15–20%); and con-
nective tissue disease (5–15%). In developing 
countries, >60% of effusions are related to TB [2, 
6]. When the etiology is not apparent, sampling 
the effusion to aid has been shown to have a diag-
nostic yield of less than 40% [7].

Cardiac tamponade is a life-threatening com-
pression of the heart that may occur in a slow or 
rapid fashion typically due to an increased vol-
ume of pericardial fluid due to inflammation or 
injury but may also be from clots, pus, blood, or 
gas [8, 9].

 Clinical Features

The classic presentation of patients with pericar-
dial tamponade includes Beck’s triad of jugular 
venous distention from elevated systemic venous 
pressure, distant heart sounds, and hypotension 
[10]. The sensitivity and specificity of Beck’s 
triad are limited, and there is a dearth of evidence 
demonstrating the diagnostic accuracy of the 
clinical examination for cardiac tamponade [7, 
11, 12]. Although tamponade is frequently 
referred to as a “clinical” diagnosis, echocardiog-
raphy has established itself as essential and rou-
tine in the diagnosis of pericardial effusion and 
the assessment of tamponade [2, 13]. Once the 
presence of pericardial effusion has been estab-
lished, dyspnea, tachycardia, elevated jugular 
venous pressure, pulsus paradoxus, and 
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 cardiomegaly on chest radiograph are seen in 
over 70% of patients with tamponade [11].

 Pathophysiology

The pericardium is a fibrous sac comprised of 
two layers, the visceral and parietal pericardium. 
A small amount of pericardial fluid, 20–60 mL, is 
normally present but is usually not noticed except 
occasionally in the atrioventricular and intraven-
tricular sulcus. Pericardial fluid is an ultrafiltrate 
of plasma that originates from epicardial and 
parietal pericardial capillaries. Pericardial fluid is 
drained by the lymphatic system on the epicar-
dial surface of the heart and in the parietal peri-
cardium. An abnormal, excessive volume may 
develop with a variety of conditions related to 
increased production or impaired removal [14]. 
In addition to stabilizing the position, lubricating 
the moving surfaces, and isolating the heart from 
adjacent anatomic structures thereby preventing 
adhesions or extension of neoplasms, the pericar-
dium functions to augment hemodynamics. By 
limiting heart dilatation during diastole, endo-
myocardial stress is reduced and negative intra-
thoracic pressure is preserved, which is essential 
for atrial filling, and the creation of a hydrostatic 
compensation system which ensures consistent 
end-diastolic pressure at all hydrostatic levels 
and the Frank–Starling mechanism remains func-
tional [15].

Important in predicting tamponade are the rate 
of rise of the volume of pericardial fluid along 
with pericardial compliance. The pericardium is 
acutely non-compliant; therefore, even a small 
increase in volume can lead to hemodynamic 
compromise if accumulated rapidly. If excessive 
pericardial fluid accumulates slowly, the pericar-
dium can stretch avoiding hemodynamic com-
promise. This slow accumulation will eventually 
reach a limit where the pericardium is unable to 
stretch further leading to hemodynamic collapse 
[16]. Tamponade develops when intrapericardial 
pressure surpasses intracardiac pressure resulting 
in impaired ventricular filling, increased venous 
pressure, and reduction in stroke volume [17].

 Diagnosis

The primary means for confirming the presence, 
size, and hemodynamic effects of a pericardial 
effusion are via echocardiography [2]. 
Echocardiographic features of cardiac tamponade 
commonly used include diastolic collapse of the 
right atrium and right ventricle, ventricular shift-
ing with respiration, and engorgement of the infe-
rior vena cava [12] (Figs. 17.1 and 17.2). If time 
permits, the presence of a pericardial effusion 
should be evaluated by a formal echocardiogram. 
Although formal echocardiography remains the 
mainstay imaging modality, a growing consensus 
describes the role of point-of-care ultrasound 
(PoCUS) to diagnose and aid in management of 
pericardial effusions [16–18]. PoCUS has been 
demonstrated to have a high sensitivity and speci-
ficity for detection of pericardial effusion [19]. 
PoCUS provides diagnostic information relevant 
to immediate care of the critically ill patient in 
real time. PoCUS can identify pathologic pro-
cesses and guide life-saving interventions [19].

All levels of PoCUS-trained clinicians (basic 
and advanced) should be able to assess for peri-
cardial effusion and tamponade [20]. PoCUS use 
has expanded significantly as smaller, more por-
table, and affordable machines have become 

Fig. 17.1 Apical four chamber (A4C) echocardiogram 
with a pericardial effusion and collapse of the right atrium 
and right ventricle consistent with tamponade (https://doi.
org/10.1007/000-2rr)
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available. For advanced practice providers 
(APPs) which includes physician assistants (PAs) 
and advanced registered nurse practitioners 
(ARNPs), this invaluable tool can be used in a 
variety of clinical specialties including critical 
care [21]. PoCUS training has now become 
incorporated into many medical education pro-
grams including PA programs [22]. PAs have 
demonstrated competency in the use of PoCUS 
for diagnosis and management of pericardial 
effusions [23]. Even in inexperienced hands, 
PoCUS has been shown to be more sensitive and 
specific than physical exam for several condi-
tions including pericardial effusion [24].

 Fluid Analysis

Pericardiocentesis is not only therapeutic, but 
examination of it can aid in determining the etiol-
ogy. Pericardial fluid can be categorized as tran-
sudative or exudative. Diagnosis of pericardial 
effusion is typically achieved by echocardiogra-
phy; however, it cannot determine the etiology of 
the effusion. Normal pericardial fluid is clear and 

pale yellow. Bloody or turbid fluid suggests 
malignancy or infection with tuberculosis typi-
cally being bloody. A milky appearance may sug-
gest chylopericardium.

Light’s criteria, established for distinguishing 
transudate from exudate for pleural fluid, have a 
sensitivity of 98% and a specificity of 72% for 
identifying exudates. Pericardial effusions, like 
pleural effusions, may be misclassified as exu-
dates when applying Light’s criteria in the set-
ting of diuretic therapy. Utilization of SEAG 
(serum- effusion albumin gradient) improves 
accuracy of pleural fluid analysis with diuretic 
therapy and may be applied to pericardial fluid 
analysis. Furthermore, pericardial effusion cho-
lesterol concentrations ≥1.2  mmol/L improved 
diagnostic identification of exudates and demon-
strated further accuracy when a pericardial fluid/
serum cholesterol ratio was calculated [9]. 
Common laboratory tests on pericardial fluid 
include cytology, bacteriological smears and 
cultures, lactate dehydrogenase (LDH), protein, 
and cholesterol. Caution should be used when 
utilizing Light’s criteria to pericardial fluid as 
the physiologically normally found high protein 
and LDH could lead to mischaracterization as an 
exudate [25]. Finally, when pericardial fluid was 
demonstrated to have a concentration of >40 U/L 
of adenosine deaminase (ADA), the sensitivity 
and specificity for TB were over 80% [9]. Other 
pericardial fluid tests to consider are viral poly-
merase chain reaction (PCR) and carcinoembry-
onic antigen (CEA) [26].

 Management

 Medical Management

Medical management of pericardial effusions is 
based on hemodynamics and underlying condi-
tion. Some effusions such as uremic effusions 
will often resolve with renal replacement therapy. 
Medical management of effusions with tampon-
ade physiology is limited. In the setting of tam-
ponade with hypotensive hypovolemia, IV fluids 
may be of limited benefit, but this has not been 
demonstrated in normovolemic patients [27]. In 

Fig. 17.2 Short-axis echocardiogram with circumferen-
tial pericardial effusion (https://doi.org/10.1007/000-2rn)
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some patient populations, diuretics, vasodilators, 
and mechanical ventilation should be avoided in 
the setting of tamponade [7, 28–30].

 Procedural Management

Pericardial fluid may be evacuated from the peri-
cardial space by either a surgical (pericardial 
window) or percutaneous procedure (pericardio-
centesis). Both are effective; however, pericardi-
ocentesis has been demonstrated to have a shorter 
length of stay and few complications [28].

 Indications

According to the 2015 European Society of 
Cardiology (ESC) Guidelines for the diagnosis 
and management of pericardial diseases, Class I 
indications for pericardiocentesis include cardiac 
tamponade, symptomatic moderate to large peri-
cardial effusions not responsive to medical ther-
apy, and evaluation and evacuation of possible 
purulent pericardial effusions, to relieve symp-
toms and establish a diagnosis of malignancy 
[28]. Table 17.1 lists Class I, II, and III indica-
tions for pericardiocentesis.

In the critical care setting, hemodynamic 
instability from cardiac tamponade would be an 
indication for pericardiocentesis. Cardiac tam-
ponade is characterized by the clinical signs of 
hypotension, tachycardia, elevated jugular 
venous pressure, muffled heart sounds, pulsus 
paradoxus, diminished voltage on electrocar-
diogram, electrical alternans of electrocardio-
gram, and enlarged cardiac silhouette on chest 
x-ray [29].

 Contraindications

 Absolute Contraindications

In emergency situations of cardiac tamponade 
and shock, when hemodynamic collapse is immi-
nent, there are no absolute contraindications. 

Pericardiocentesis, in these cases, is often a life- 
saving intervention.

 Relative Contraindications

 1. Coagulopathy  – the risk of bleeding from 
pericardiocentesis is low; however, uncor-
rected coagulopathy is a relative 
contraindication.

 2. Aortic dissection  – normally a contraindica-
tion if thoracic surgery capability is readily 
available; however, a small amount of pericar-
dial effusion may be drained from these 
patients to temporize hemodynamics in emer-
gent situations [31, 32].

 3. Small volume effusion – (<10 mm in diastole 
on echo) or when pericardial fluid is not free 
or when loculated in a lateral or posterior 
position.

 4. Asymptomatic – if the pericardial effusion is 
small and is resolving.

Table 17.1 ESC 2015 guidelines

Class I 
indication Class II indication

Class III 
indication

Cardiac 
tamponade
Symptomatic 
moderate to 
large 
pericardial 
effusions 
>20 mm not 
responsive to 
medical 
therapy
Evaluate and 
evacuate 
possible 
purulent 
pericardial 
effusion
Relieve 
symptoms and 
establish 
diagnosis of 
malignancy; 
perform 
cytology 
assays

Definite diagnosis 
of viral pericarditis
Suspected 
tuberculosis 
pericarditis
In the setting of 
aortic dissection 
with 
hemopericardium, 
controlled small- 
volume pericardial 
drainage for 
hemodynamic 
stabilization may be 
considered

As a bridge to 
thoracotomy 
with 
tamponade 
due to 
penetrating 
trauma to the 
heart and 
chest
Pericardial 
effusion that 
is not 
responsive to 
patients on 
dialysis
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 Risks/Benefits

The use of direct ultrasound guidance has led to a 
dramatic decrease in complications [5, 33, 34]. 
Although there are complications inherent to 
pericardiocentesis (listed below), each approach 
offers risks and benefits.

 Apical Approach

Utilizing the apical approach, there is a higher risk 
of left ventricular puncture; however, the wall is 
thicker than the right atrium and right ventricle and 
more likely to self-seal [35]. The pleura are usually 
absent over the cardiac apex making pneumothorax 
less likely when ultrasound is employed [36].

 Subxiphoid/Subcostal Approach

The safest approach for emergent unguided 
approach as risk for pneumothorax is low; how-
ever, the angle of approach carries an increased 
risk of right atrial puncture [36].

 Parasternal Approach

This approach is often provides the shortest route 
to the effusion; however, this approach may carry 
a higher risk of injury to the left internal mam-
mary artery or pneumothorax. A puncture site 
above the rib is required to avoid the intercostal 
neurovascular bundle [36, 37].

 Patient Preparation

The patient should be prepared for a pericardio-
centesis as follows:
• Obtain informed consent only if time and 

patient condition allows.
• Review relevant laboratory data to include 

coagulation profile.
• To facilitate patient cooperation and ease anx-

iety, thoroughly explain and discuss all aspects 
of the procedure with the patient and family.

• Patients should be informed that the procedure 
may result in post-procedural discomfort.

• Remind the patient and family that, despite 
relatively low complication rates in ultrasound- 
guided pericardiocentesis, complications are 
possible and can be serious.

• Ensure continuous cardiac and hemodynamic 
monitoring. This includes blood pressure, 
heart rate, respiratory rate, electrocardiogram, 
and oxygen saturation. This is particularly 
important in critically ill patients.

• Use ultrasound to pinpoint or confirm the 
proximity of the largest effusion pocket and 
underlying anatomical structures.

 Procedure

In addition to formal echocardiographic guid-
ance, PoCUS devices with appropriately trained 
clinicians have demonstrated the capability to 
provide image guidance when performing peri-
cardiocentesis [38]. As the following technique 
documents only the vital aspects of the three 
PoCUS-guided pericardiocentesis approaches, 
the references contain documents providing more 
procedural details.

 General Technique

• Ensure that all necessary materials and per-
sonnel are readily available at the bedside 
before beginning the procedure. Clinical dete-
rioration of the patient must be anticipated 
when the decision is made to proceed with a 
pericardiocentesis.

• If the clinical situation allows, position the 
patient in a recumbent 30–45 degree angle to 
promote inferior and apical pooling bringing 
the effusion closer to the anterior chest wall.

• In an anxious patient without signs of overt 
hemodynamic compromise, short-acting med-
ications can be considered.

• Every effort to maintain procedural sterility 
must be ensured. All individuals participating 
in the procedure must wear sterile gloves, hat, 
mask, and gown.
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• Ensure the ultrasound probe is placed in a 
sterile sheath.

• Antiseptically prepare the skin from the chest 
to the abdomen using a chlorohexidine-based 
solution and then drape the site with sterile 
towels.

• Anesthetize the skin at the selected site with a 
local anesthetic.

• Use a local anesthetic and a small gauge nee-
dle to anesthetize along the anticipated trajec-
tory. Use ultrasound guidance for this to avoid 
potential injury to underlying anatomical 
structures.

• Using continuous ultrasound guidance, care-
fully advance a sheath-covered needle attached 
to a saline-filled syringe toward the pericar-
dium, while using gentle continuous negative 
suction, until the pericardial sac is entered and 
fluid is obtained.

• Once fluid is obtained, gently advance the 
sheath over the needle and withdraw the 
needle.

• Confirm placement of the needle in the peri-
cardial space by injecting agitated saline 
through the catheter under direct ultrasound 
visualization, observing for formed micro-
bubbles in the pericardial sac (Figs.  17.3 
and 17.4).

• Gently advance guidewire through the sheath 
and then remove the sheath over the guidewire 
(Figs. 17.5 and 17.6).

• Make a small “nick” incision at the wire inser-
tion site and then gently introduce the dilator 
over the wire.

• Remove the dilator over the guidewire and 
then insert the catheter over the guidewire 
(Figs. 17.7 and 17.8).

• Inject agitated saline again into the pericardial 
sac to confirm placement of the catheter.

• Drain the pericardial fluid using gentle syringe 
suction (Fig. 17.9).

• Remove catheter and hold pressure at the site.
• Obtain follow-up echocardiogram and CXR.
• Provide low-dose analgesics if the patient is 

hemodynamically stable.

Fig. 17.3 A4C view injecting agitated saline through the 
catheter under direct ultrasound visualization, observing 
for formed microbubbles in the pericardial sac. (https://
doi.org/10.1007/000-2rp)

Fig. 17.4 Short-axis injecting agitated saline through the 
catheter under direct ultrasound visualization, observing 
for formed microbubbles in the pericardial sac. (https://
doi.org/10.1007/000-2rq)

Fig. 17.5 Hybrid views to visualize the guidewire within 
the pericardial space (https://doi.org/10.1007/000-2rm)
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 Specific Techniques

 PoCUS-Guided Subxiphoid/Subcostal 
Technique
Using a 30-degree angle, insert the sheathed nee-
dle into the skin below the xiphoid process and 
1  cm to the left of the costoxiphoid angle 
(Fig.  17.10). Using continous ultrasound guid-
ance, identify the site of the largest effusion and 
any underlying structures. With the transducer 
pointed under the xiphoid process and aimed 
cephalad, slowly advance the sheathed needle 
toward the left shoulder while maintaining gentle 
continuous negative suction. Once fluid is 

obtained and the catheter is in place, connect the 
syringe and catheter to a drainage bag via a three- 
way stopcock. Completely drain pericardial fluid 
by manual syringe suction. Continue to assess the 
patient for hemodynamic stability.

 PoCUS-Guided Apical Technique
Palpate for the apex and use PoCUS to identify 
the site of the largest apical effusion and any 
underlying structures. Using continuous ultra-
sound guidance, with the transducer placed just 
inferior and lateral to the left nipple, insert the 
sheathed needle into the intercostal space below 
and 1 cm lateral to the apical beat (Fig. 17.11). 
Slowly advance the sheathed needle toward the 

Fig. 17.6 Hybrid views to visualize the guidewire within 
the pericardial space (https://doi.org/10.1007/000-2rs)

Fig. 17.7 Hybrid view demonstrating presence of 
 catheter within the pericardial space (https://doi.org/ 
10.1007/000-2rt)

Fig. 17.8 A4C view of catheter in pericardial space 
(https://doi.org/10.1007/000-2rv)

Fig. 17.9 A4C view demonstrating removal of 1 l of 
pericardial fluid (https://doi.org/10.1007/000-2rw)
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right shoulder while maintaining gentle continu-
ous negative suction until fluid is obtained.

 PoCUS-Guided Parasternal Technique
Use PoCUS ultrasound to identify the site of the 
largest parasternal effusion and underlying struc-
tures. Using continuous ultrasound guidance, 
with the transducer left of the sternum in the third 
or fourth intercostal space, insert the sheathed 
needle perpendicularly into the fifth intercostal 
space 1  cm lateral to the sternal border 
(Fig. 17.12). Slowly advance the sheathed needle 
over the upper border of the rib while maintain-
ing gentle continuous negative suction until fluid 
is obtained.

 Equipment (Figs. 17.13, 17.14, 
and 17.15)

Pericardiocentesis Tray:
• Skin antiseptic  – (Chloraprep or 

povidone-iodine)
• Sterile Transparent Fenestrated Drape

Fig. 17.10 Subxiphoid/subcostal technique

Fig. 17.11 Apical technique

Fig. 17.12 Parasternal technique
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• One 20–25G needle for local anesthesia 
infiltration

• Local anesthetic (e.g., 1–2% lidocaine)
• Scalpel – #11 Blade
• 4 × 4 Gauze
• 18-gauge Teflon-sheathed needle (with a 

length of 5–8 cm)
• Syringes – 10, 20, and 50 mL
• 0.035  mm  J-tipped guidewire of sufficient 

length
• 5F to 8F dilator or introducer sheath

Other Supplies:
• Echocardiography with phased array probe 

(however, curvilinear and in some instances a 
linear probe may be used)

• Sterile gown and gloves
• Sterile mask and surgical cap/bouffant
• Sterile isotonic saline for bubble confirmation 

and catheter flush
• Sterile probe cover with sterile ultrasound gel
• 5F to 8F, 65 cm pigtail catheter with multiple 

side holes

Fig. 17.13 Pericardiocentesis tray
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 Complications

Major complications for echo-guided or 
fluoroscopic- guided pericardiocentesis range 
from 0.3% to 3.9% with minor complications 
ranging from 0.4% to 20%. Major complications 
include death, laceration of the coronary arter-
ies or intercostal vessels, injury of the cardiac 
chambers, ventricular arrhythmias, pneumoperi-
cardium, pneumothorax requiring chest tube 
placement, puncture of abdominal organs, and 
pericardial decompression syndrome [17, 35, 
39, 40].

Pericardial decompression syndrome is a rare 
but potentially fatal syndrome with a 30% mor-
tality that is characterized by hemodynamic dete-
rioration and/or pulmonary edema after an 
uncomplicated pericardial drainage and is often 
associated with unexplained development of ven-
tricular  dysfunction with an onset of 1–2  days. 
The mechanism remains poorly understood but 
may be related to abrupt withdrawal of the entire 
effusion, and a proposed preventative measure is 
to initially remove enough pericardial fluid to 
relieve tamponade and then to prolong the drain-
age via a drainage catheter [41, 42].

Fig. 17.14 Sterile personal protective equipment

R. G. Baeten and D. L. Alexander



187

Although this has become less common, elec-
trocardiographic monitoring with an electrode 
attached to the needle for guidance (ST eleva-
tions seen when needle contacts myocardium) 
has fallen out of favor as the risk of current leak 
could induce ventricular fibrillation [43].

Minor complications include supraventricular 
arrhythmias, pneumothorax without hemody-
namic sequelae, and temporary vasovagal hypo-
tension [34].

 Keys to Success, Perils, and Pitfalls

Intracardiac blood will clot, whereas blood that 
has transmigrated into the pericardial space will 
not as it is fibrin free [44]. Two common false 
positives which can be mistaken for a pericardial 
effusion by users of PoCUS include pleural effu-
sion and pericardial fat pads. To distinguish a 
pleural effusion, the descending aorta may be 
used as a landmark in the parasternal long-axis 
view. A pericardial effusion will be anterior, 
whereas a pleural effusion will be inferior to this 
structure. Concerning a pericardial fat pad, peri-
cardial fluid is typically anechoic, while a fat pad 
will appear echoic and may have a mottled 
appearance. Additionally, fat pads also move in 

concert with the myocardium without competing 
with the cardiac chambers for space within the 
pericardium [15] [45]. Finally, difficult pericar-
diocentesis should be anticipated in patients with 
prior median sternotomy, obesity, cardiac cham-
ber enlargement/dilation, or loculated pericardial 
effusions [46].

 CPT Coding

• 33010. Pericardiocentesis; initial
• 76930-26. Ultrasonic guidance for pericardio-

centesis, imaging supervision, and interpreta-
tion; professional component

• 93308-26. Transthoracic echocardiogram; 
limited or follow-up

 Summary

Pericardiocentesis is an important, potentially 
life-saving procedure that is no longer limited to 
cardiologists [47]. The diagnosis of tamponade or 
significant pericardial effusion should be estab-
lished in a timely fashion. PoCUS, which includes 
cardiac ultrasound, can be expeditiously per-
formed by APPs [48]. Effective management is 
essentially limited to pericardial fluid evacuation 
as the use of volume expansion may be of little 
benefit and potentially harmful [27]. Procedural 
guidance with ultrasound is often readily avail-
able, even in resource limited settings [49].
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