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Introduction: Pericardial tamponade requires timely diagnosis and management. It carries a high mortality rate.
Objective: This review incorporates available evidence to clarify misconceptions regarding the clinical presenta-
tion, while providing an in-depth expert guide on bedside echocardiography. It also details the decision-making
strategy for emergency management including pericardiocentesis, along with pre- and peri-procedural pearls
and pitfalls.
Discussion: Pericardial effusions causing tamponade arise fromdiverse etiologies across acute and sub-acute time
courses. The most frequently reported symptom is dyspnea. The classically taught Beck’s triad (which includes
hypotension) does not appear commonly. Echocardiographic findings include: a pericardial effusion (larger
size associated with tamponade), diastolic right ventricular collapse (specific), systolic right atrial collapse (sen-
sitive), a plethoric non-collapsible inferior vena cava (sensitive), and sonographic pulsus paradoxus. Emergent
pericardiocentesis is warranted by hemodynamic instability, impending deterioration, or cardiac arrest. Emer-
gent surgical indications include type A aortic dissection causing hemopericardium, ventricular freewall rupture
after acute myocardial infarction, severe chest trauma, and iatrogenic hemopericardium when bleeding cannot
be controlled percutaneously. Pre-procedure management includes blood products for patients with traumatic
hemopericardium; gentle intravenous fluids to hypotensive, hypovolemic patients with consideration for vaso-
active medications; treatment of anticoagulation, coagulopathies, and anemia. Positive-pressure ventilation and
intravenous sedation can lower cardiac output and should be avoided if possible. Optimal location for
echocardiography-guided pericardiocentesis is the largest, shallowest fluid pocket with no intervening vital
structures. Patient positioning to prevent hypoxia and liberal amounts of local anesthesia can facilitate patients
remaining still. Safe needle guidance and confirmation of catheter placement is achieved using low-depth sono-
graphic views, injection of agitated saline, and evaluation of initial aspirate for hemorrhage. Pericardial fluid
should be drained slowly to avoid pericardial decompression syndrome.
Conclusion: An understanding of the pathophysiology, clinical presentation, echocardiographic findings, and
time-sensitive management of pericardial tamponade is essential for emergency physicians.

© 2022 Elsevier Inc. All rights reserved.
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1. Introduction

Under normal circumstances, physiologic serous fluid existswithin the
pericardial sac and acts as lubrication for the heart. A pericardial effusion
refers to when this fluid exceeds 15-50 mL [1]. Pericardial tamponade re-
fers to hemodynamic instability and clinical symptoms owing directly to
that effusion. This occurs when the pressure exerted on one or more car-
diac chambers by the pericardial effusion (i.e. the intrapericardial pres-
sure) exceeds the pressures within the cardiac chambers (i.e. the
intracardiac pressure), leading to obstruction of normal chamber filling.
NJ 07103, USA.
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The development of tamponade physiology is dependent on the rate
of accumulation of the pericardial fluid and the pericardial compliance
[2]. For example, with an acute effusion, the pericardial sac has not
had time to develop compensatory compliance, so a rapid increase in
intrapericardial pressure leads to tamponade physiology. The pericar-
dial stretch limit can be reached quickly, even with as little as 50 mL
[3,4]. In contrast, with a chronic effusion, the pericardial sac is able to
develop compliance over time, so much larger fluid volumes (up to
two liters) [2,5] can be tolerated before development of tamponade
physiology requiring drainage. As the pericardial compliance eventually
approaches its limit, small additional increases in volume cause rela-
tively larger increases in intrapericardial pressure (Fig. 1, top-center).
 Medical Center Poriya from ClinicalKey.com by Elsevier on 
t permission. Copyright ©2022. Elsevier Inc. All rights reserved.
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Fig. 1. Infographic delineating the pathophysiology and echocardiographic findings of pericardial tamponade (echocardiography graphic design by Linda Qiu MD).
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As pulmonary vascular resistance is lower than systemic vascular re-
sistance, the right-sided cardiac chambers normally operate at lower
pressures compared to the left-sided chambers. In pericardial tampon-
ade,when the right atrium(RA) and right ventricle (RV) collapse during
ventricular systole and diastole, respectively (i.e. when they are at their
lowest pressures), there is decreased preload to the right side of the
heart. The decrease in right ventricular stroke volume transmits along
its circuit to the left side of the heart, ultimately leading to decreased
cardiac output.

The spectrumof disease in pericardial tamponade ranges from slight
elevations of intrapericardial pressure causing only subtle hemody-
namic effects to severe hemodynamic compromise from obstructive
shock [6]. If left untreated, this pathophysiology can lead to cardiac ar-
rest and death.

2. Methods

The authors searched PubMed and Google Scholar for articles using
the title keywords “cardiac tamponade” OR “pericardial tamponade.”
The search was conducted from the databases’ inception to February
1, 2022. The literature search was restricted to studies published in En-
glish, with a focus on the emergencymedicine, critical care, and cardiol-
ogy literature. Supporting citations of included articles were also
reviewed. Authors decided which studies to include by consensus.
When available, guidelines and systematic reviews and meta-analyses
(SRMAs)were preferentially selected. Thesewere followed sequentially
by randomized controlled trials, prospective studies, retrospective stud-
ies, case reports, and other narrative reviews.

3. Discussion

3.1. Demographics and outcomes

Pericardial tamponade is a rare but life-threatening condition. In a
national inpatient sample database of 216 million admissions from
160
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2008-2014, 0.05% of patients (5 cases per 10,000) were diagnosed
with pericardial tamponade [7]. Emergency physicians must be aware
of the various potential etiologies for a pericardial effusion causing tam-
ponade and the patients who are at risk (Table 1) [5,8-21]. A meta-
analysis consisting of 17,022 patients with pulmonary, infectious, car-
diac, renal, or neoplastic disease found that 19.5% of patients had a peri-
cardial effusion [22]. In a retrospective review of 322 patients with
moderate-large effusions (> 1 cm end-diastolic diameter) (see
Section 3.4.1), the etiology arose from an already knownmedical condi-
tion in 60% of cases [11]. Similarly, in another retrospective review of
153 emergency department (ED) patients with point-of-care ultra-
sound (POCUS) scans showing a pericardial effusion, 62.5% carried his-
torical features suggesting the presence of an effusion [23].

Some of these effusions, especially the larger ones, eventually lead to
tamponade physiology. A retrospective study of 187 hospitalized pa-
tients diagnosed with a pericardial effusion found that moderate-large
effusions (circumferential; >1 cm end-diastolic diameter) were more
likely to develop tamponade (based on the authors’ hemodynamic
criteria) or have a drainage procedure than small effusions (73% vs.
5%) [24]. These events usually occurred on the same day that the effu-
sionwas diagnosed. For patients with end-stage renal disease on hemo-
dialysis, a larger effusion size is also predictive of tamponade and
development of hemodynamic compromise [25-31]. In patients with
large idiopathic chronic pericardial effusions, four separate studies of
100, 45, 28, and 22 patients found that 8 (8%), 0 (0%), 8 (29%), and 2
(9.1%) of patients developed tamponade at median follow-up of 4
years, 10 months, 7 years, and 2 years, respectively [32-35]. In the two
largest studies, the effusion regressed in 39 (39%) and 2 (4.5%) of pa-
tients, respectively [32,33].

In general, short-term survival depends mostly upon early diagnosis
and relief of tamponade, whereas long-term survival depends on the
underlying primary illness [36]. In-hospital mortality rates for pericar-
dial tamponade can be subdivided by etiology (Table 2). In a study of
78 patients with acute myocardial infarction and free wall rupture (i.e.
the tamponade etiology with the highest in-hospital mortality rate),
edical Center Poriya from ClinicalKey.com by Elsevier on 
ermission. Copyright ©2022. Elsevier Inc. All rights reserved.



Table 1
Etiologies of pericardial effusions causing tamponade.

Etiology Percentage of Cases

Malignancy 15-65%
Idiopathic 4-37%
Infectious/inflammatory 4-31%
Iatrogenic 3-35%
Metabolic 1-33%
Bleeding/anticoagulation 2-31%
Autoimmune/vasculitis 1-14%
Acute myocardial infarction 1-12%
Decompensated thyroid disease 1-10%
Aortic dissection 1-4%
Traumatic 1-2%

Table 3
Symptoms in pericardial tamponade.

Symptom Percentage of Cases

Dyspnea 66-90%
Chest pain 12-74%
Fever 7-70%
Abdominal pain 12-61%
Orthopnea 23-51%
Lethargy/weakness 3-14%
Syncope 3-6%
Palpitations 3%
Headache 2%
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the majority of patients (83.3%) presented already in cardiac arrest and
died in 100% of cases [37]. For those patients presenting with a sudden
change in clinical condition,moderate-massive effusion (by the authors’
unspecified criteria), and pericardiocentesis showing bloody fluid
(9.0%), the mortality rate was 85.7% and typically occurred within 4.5
hours. These patientsmay benefit from surgery within that time period.
Patients with normal vital signs, moderate-massive effusion, and peri-
cardiocentesis showing bloody fluid (7.7%) were found to have a
16.7%mortality rate. In the long-term, pericardial tamponade stemming
from a malignant effusion (i.e. the most common effusion etiology of
tamponade) carries a 1-year mortality rate between 68-89%
[10,14,15,17]. The cause of death in these patients is generally from
the end-stage neoplastic disease, not necessarily the effusion itself
[5,13].
3.2. Emergency department presentation

3.2.1. Symptoms
Though patients will be unable to provide a history if obtunded or in

cardiac arrest, a variety of presenting complaints have been reported,
most commonly dyspnea (Table 3) [21,40-46]. Clinical symptoms may
appear less often in patients with low-flow tamponade, which is gener-
ally attributed to hypovolemia [47]. Nevertheless, symptoms will vary
depending on the etiology of the effusion itself, and there is no “classic”
presentation.

The classic teaching for the diagnosis of pericardial tamponade had
involved Beck’s triad. The initial data came from two cases published
in 1935: an acute triad was described as “falling arterial pressure, rising
venous pressure and a small quiet heart”, whereas the chronic triadwas
described as “ascites, high venous pressure and a quiet heart” [48].
However, a subsequent 2007 SRMA reviewed studies of patients with
known tamponade or who were referred for pericardiocentesis of a
known effusion [40]. Hypotension, jugular venous distention, and muf-
fled heart sounds occurred in only 14-35%, 53-88%, and 24-34% of cases,
respectively. In an ED-based study, the sensitivities of hypotension, jug-
ular venous distention, and muffled heart sounds for a pericardial effu-
sion causing tamponade (based on electronic medical record diagnosis)
were 37.5%, 12.5% and 37.5%, respectively [23]. The sensitivity of one el-
ement of Beck’s triad to diagnose pericardial tamponade was 50%, and
no patients with tamponade had all three elements.
Table 2
In-hospital mortality rates for various etiologies of pericardial tamponade.

Etiology In-Hospital Mortality Rate

Acute myocardial infarction 70-100% [13,17,37-39]
Aortic dissection 65% [9]
Bleeding/anticoagulation 40% [17]
Malignancy 16% [17]
Iatrogenic 10% [17]
Infectious/inflammatory 8% [17]
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Although pericardial tamponade represents an acutely dangerous
condition, patients (especially those with malignant effusions) may
present with symptoms that have been ongoing for up to one week
[17,49,50]. The variations and subtleties in the patient presentation
can lead to early failure in making the diagnosis. Moreover, the pericar-
dial effusionmay be found by an echocardiogramperformed for reasons
other than a clinical suspicion for tamponade [49]. Nevertheless, the re-
ported frequency of non-specific symptoms and physical examination
findings prior to making the diagnosis has decreased over time, which
one study’s authors attribute to an improvement in cardiovascular im-
aging and a high index of suspicion [49].

3.2.2. Vital signs

3.2.2.1. Blood pressure.Hypotension is traditionally taught as being pres-
ent in patients with pericardial tamponade. However, a systolic blood
pressure (SBP) < 100 mmHg only occurs in 14-35% of patients with
non-traumatic pericardial tamponade [19,42-44]. In a retrospective re-
view of 342 patients who underwent pericardiocentesis for a clinically
significant pericardial effusion, only 9.6% had SBP ≤ 90 mmHg [45].

An assessment of six studies comprising 235 patients with pericar-
dial tamponade found that SBP ranged between 127-144 mmHg [51].
In an ED-based study of 205 patients diagnosed with tamponade who
underwent pericardiocentesis within 24 hours of ED presentation (ex-
cluding trauma patients and those who received cardiopulmonary re-
suscitation), the mean SBP was 106 mmHg [21]. In the ED-based study
of 153 patientswith a pericardial effusion, the sensitivity of hypotension
for tamponade (based on electronic medical record diagnosis) was
37.5% [23]. Another retrospective study of 46 patients who underwent
percutaneous pericardiocentesis found that hypotensionwas 24% sensi-
tive and 83% specific for tamponade (based on the presence of diastolic
chamber collapse) [42].

Hypotension is especially uncommon when the effusion develops
over days toweeks [40,41,51,52]. Increased sympathetic tone canmain-
tain SBP even as cardiac output decreases [53]. High levels of circulating
catecholamines in response to hemodynamic stress can even produce
hypertensive tamponade [52,54]. The previously mentioned assess-
ment of six studies reported that 27-43% of patients with pericardial
tamponade had SBP ≥ 140 mmHg [51].

3.2.2.2. Heart rate. Since cardiac compression by a pericardial effusion
limits diastolic filling and stroke volume, a compensatory tachycardia
develops in an attempt to maintain cardiac output. The 2007 SRMA
found that a heart rate>100 beats perminute occurred in 65-88% of pa-
tientswith pericardial tamponade [40]. In the ED-based study of 205 pa-
tients diagnosed with tamponade who underwent pericardiocentesis
within 24 hours of ED presentation, the mean heart rate was 100
beats perminute [21]. In the ED-based study of 153 patientswith a peri-
cardial effusion, a heart rate > 100 beats per minute was 69% sensitive
for a pericardial effusion causing tamponade (based on electronic med-
ical record diagnosis) [23]. Lastly, the retrospective study of 46 patients
whounderwent percutaneous pericardiocentesis found that a heart rate
> 100 beats per minute was 88% sensitive and 67% specific for
edical Center Poriya from ClinicalKey.com by Elsevier on 
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Table 5
Electrocardiogram findings in patients with pericardial tamponade.

Electrocardiogram Findings Percentage of Cases (%)

Tachycardia 47-88% [40,41,45]
Low-voltage QRS complexes 22-56% [19,42-45,57]
ST-segment elevation 18-30% [19,57]
Electrical alternans 3-21% [19,43,45]
PR-segment depression 18% [43]
Atrial arrhythmias 0-9% [19,43,58]

[40] is an SRMA that obtained statistics for heart rate based on physical examination (i.e.
a tachycardic patient would presumably show tachycardia on ECG).
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tamponade (based on the presence of diastolic chamber collapse) [42].
Of note, tachycardia may be blunted by beta-blockade or conduction
system disease.

3.2.2.3. Respiratory rate. Only one study included in the 2007 SRMA re-
ported statistics for respiratory rate. It found that tachypnea was pres-
ent in 80% of patients with pericardial tamponade [40]. In the ED-
based study of 205 patients diagnosedwith tamponadewhounderwent
pericardiocentesis within 24 hours of ED presentation, the mean respi-
ratory rate was 21 breaths per minute [21]. Of note, tachypnea may not
be present late in the disease course if there is respiratory muscle fa-
tigue.

3.2.3. Physical examination
Physical examination findings in patients with pericardial tampon-

ade vary widely and are poorly predictive (Table 4). The assessment
and interpretation of some findings (e.g. jugular venous distention)
can differ even amongst experienced physicians [55,56].

3.3. Emergency department evaluation

3.3.1. Electrocardiogram
Electrocardiogram (ECG) findings vary in pericardial tamponade,

with tachycardia being the most common finding (Table 5).

3.3.2. Chest radiography
The 2007 SRMA included four studies in which an enlarged cardiac

contour was present on chest radiograph in 68-100% of cases with peri-
cardial tamponade [19,42,44,57]. In patients with hemodynamic insta-
bility or concerning symptoms for whom transport poses a risk, only a
portable chest radiograph will be feasible.

3.4. Point-of-care echocardiography

Suspicion for pericardial tamponade is raised by clinical evaluation,
with confirmation by bedside echocardiography [59]. Guidelines from
the American Heart Association, American College of Cardiology,
American Society of Echocardiography (ASE), and European Society of
Cardiology (ESC) posit echocardiography as the first-level diagnostic
tool in the evaluation of suspected pericardial disease [60,61]. There
are certain echocardiographic findings suggesting tamponade physiol-
ogy of which emergency physicians should be aware (Fig. 1) [59].
Since these findings are reflective of hemodynamic compromise, their
presence even in hemodynamically stable patients can help identify
those who are at risk for disease progression. Of note, the predictive
values of these echocardiographic findings for tamponade are heavily
influenced by the disease prevalence in a given population [62]. There-
fore, they must be interpreted in the context of the patient’s pretest
probability based on clinical history, symptoms, vital signs, and physical
examination.

In the ED-based study of 205 patients diagnosed with tamponade
who underwent pericardiocentesis within 24 hours of ED presentation,
patients who underwent the procedure within 12 hours had had a
Table 4
Physical Examination Test Characteristics in Patients with Pericardial Effusions Causing Tampo

Physical Examination Finding Percentage of Cases (%)

Elevated jugular venous pressure 41-88 [42-45]
Muffled heart sounds 3-34 [19,43]
Pulsus paradoxus 36-98 [19,43,44,45,57,58]

–[19,43,44,57,58]weredescribed in an SRMA [40]. To determine thepresence or absence of tam
to pericardiocentesis, one study upon both clinical findings and a pericardial effusion diagnose
–[23] determined the presence of tamponade based on electronic medical record diagnosis.
–[42] determined the presence of tamponade based on diastolic chamber collapse.
-[45] evaluated patients with symptomatic pericardial effusions. Echocardiography found that
parietal pericardium, 64% had systolic right atrial collapse, 58% had diastolic right ventricular c
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shorter time to POCUS than those who did so within 12-24 hours (48
vs. 78minutes, respectively) [21]. Three other separate retrospective re-
views have evaluated patients with clinically significant pericardial ef-
fusions (non-iatrogenic, non-traumatic, and penetrating cardiac injury
proven at operation or autopsy, respectively) [45,63,64]. They all also
found that use of POCUS was associated with lower time-to-diagnosis
and time-to-pericardiocentesis. In the first study (n = 263), there was
no statistical difference in hemodynamic profile between the POCUS
and departmental echocardiography groups [45]. In the second study
(n = 73), the POCUS group had a lower average SBP than the other-
imaging group (117.6 mmHg vs. 134.6 mmHg), but this difference
would not be clinically significant on its own to raise concern for tam-
ponade [63]. Studies assessing POCUS in penetrating cardiac injury
have also shown improved outcomes such as survival rate and neurolo-
gic outcome (as per the Glasgow Outcome Score) [64-68].

3.4.1. Pericardial effusion
ASE recommendations and an American College of Emergency Phy-

sicians (ACEP) position statement support the use of emergency
physician-performed POCUS to visualize a pericardial effusion (of only
15-35 mL) in both themedical and trauma settings [1,69]. In a prospec-
tive ED-based study of 515 patients with high-risk medical and trau-
matic criteria for the diagnosis of pericardial effusion, POCUS scans by
trained emergency physicians were 96% sensitive, 98% specific, and
97.5% accurate for the presence of an effusion against the reference
standard of one cardiologist’s review [70]. In another prospective obser-
vational study that included 67 cardiac POCUS scans (8 with an effu-
sion), emergency physicians with no prior POCUS experience who
underwent a 4-hour training program performed scans with 88% sensi-
tivity and 98% specificity for pericardial effusion, also compared to the
reference interpretation of one blinded cardiologist [71].

A pericardial effusion should be classified by its hemodynamic im-
pact, size, distribution, onset, and composition (Table 6). ASE and
EuropeanAssociation of Cardiovascular Imaging (EACVI) guidelines rec-
ommend estimating effusion size by the end-diastolic diameter be-
tween the visceral and parietal pericardium (i.e. the parietal
separation distance) (Table 7) [1,72]. Seeing an evenly distributed effu-
sion from multiple sonographic views increases the predictive value of
this size estimation [1]. In the ED-based study of 205 patients diagnosed
with tamponade who underwent pericardiocentesis within 24 hours of
ED presentation, 58% of effusions were large, 35% were moderate, and
nade.

Sensitivity (%) Specificity (%)

13-88 [23,42] 83 [42]
24-38 [23,42] 100 [42]
80-98 [42, 57] 40-100 [42, 57]

ponade, three studies based their designation upon the clinical andhemodynamic response
d by echocardiography, and one study upon echocardiographic findings alone.

90% were circumferential, 67% had 2 cm end-diastolic diameter between the visceral and
ollapse, and 29% had sonographic pulsus paradoxus.
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Table 6
Classification model for pericardial effusions.

Hemodynamic
Impact

Size Distribution Onset Composition

Hemodynamically
stable

Trivial
Localized adjacent to
specific chamber(s)

Acute Blood

Hemodynamically
unstable

Small Circumferential Subacute Transudate

Moderate Chronic Exudate
Large Air

Gas
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7%were small (based on a board-certified cardiologist’s report) [21]. In-
terestingly, in the retrospective review of 342 patients who underwent
pericardiocentesis for a clinically significant pericardial effusion, larger
effusions (> 2 cm end-diastolic diameter) were found more often
from a non-procedural etiology than from an iatrogenic and procedural
etiology (78% vs. 30%) [45].

Due to the time-sensitive management and potentially suboptimal
sonographic views in often-distressed patients with pericardial tam-
ponade, a simple and more practical size categorization can also be de-
termined qualitatively (Fig. 2) (Video 1) (Table 7) [1-3,59,73,74]. For
determining the presence, size, and distribution of a pericardial effusion,
it is important to acquire multiple cardiac views. An effusion may ap-
pear in one cardiac view but not in another, and what can appear as a
small effusion in one view could actually appear large in another, and
vice versa (Video 2). Pericardial fluid generally appears first posteriorly
to the left ventricle (LV), moves apically and anteriorly as the fluid vol-
ume increases, and finally progresses laterally and posteriorly to the left
atrium (LA) [75]. Compared to simple serous fluid that appears an-
echoic, hemorrhagic or purulent contents may appear more echogenic
[76]. Of note, the pulmonary expansion associatedwith deep inspiration
in dyspneic patients will decrease the amount of cardiac tissue lying
close to the chest [77], aswell as cause posterior displacement and rota-
tion of the heart [78]. Whereas the parasternal views thus appear less
pronounced during inspiration, downward movement of the dia-
phragm improves access to the subxiphoid views [77].

Caution is needed to distinguish a pericardial fat pad from a pericar-
dial effusion (Fig. 3) (Video 3) [59]. The former will generally have a
“stippled” appearance and be located in the anterior atrioventricular
groove, best visualized in the parasternal long-axis (PLAX) and
subxiphoid long-axis (SXLA) views [79]. In contrast, an effusion (usually
anechoic) will typically collect in the most dependent pericardial loca-
tion. Moreover, a pericardial fat pad adheres to the myocardium and
thus moves in synchrony with the heart throughout the cardiac cycle
[79]. Conversely, an effusionwill alternatingly appear smaller and larger
as the adjacent cardiac chamber expands and contracts within the peri-
cardium whose space they share.

Another masquerade of a pericardial effusion is a left-sided pleural
effusion [59] (Fig. 4a) (Video 4a). In the PLAX view, a pericardial effu-
sion will appear anterior to the descending aorta, whereas a pleural ef-
fusion will appear posterior to it [80]. Additionally, whereas a
pericardial effusion may appear circumferentially around the heart, a
pleural effusion will not cross the midline. As confirmation, the left
lungbase should also be assessed for the presence of the pleural effusion
(Fig. 4b) (Video 4b). Thirdly, in the SXLA view, abdominal ascites may
mimic a pericardial effusion, but they can be differentiated by their
Table 7
Quantitative and qualitative size categorization of pericardial effusions.

Size Estimated Volume Appearance

Trivial < 50 mL Only in systole
Small 50-100 mL Systole and diastole
Moderate 100-500 mL Circumferential
Large > 500 mL Qualitatively large
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locations outside and within the pericardium, respectively (Fig. 5)
(Video 5). Acquiring other abdominal views of ascites can further
point to that diagnosis. Lastly, cardiac tumors can appear as echo-free
spaces along the epicardium [81]. Similar to a pericardial fat pad, these
tumors will move in concert with the myocardium throughout the car-
diac cycle.

3.4.2. Diastolic right ventricular collapse
When the intrapericardial pressure exceeds the right ventricular in-

tracardiac pressure, the RV will collapse. Intrapericardial pressure (P) is
proportional to pericardial fluid volume (V) multiplied by the stiffness
of the pericardial sac (ΔP/ΔV) [59]. In early tamponade, the RV might
only collapse during expiration, when positive intrathoracic pressure
decreases preload to the right side of the heart (i.e. with resultant de-
creased intracardiac pressure). Even with disease progression, collapse
of the RVmay occur over a shorter duration during inspiration (i.e. neg-
ative intrathoracic pressure, increased venous return, and increased in-
tracardiac pressure) than during expiration. In general, the longer the
duration of right ventricular collapse, the more severe the tamponade
[82,83]. The outflow region of the RV generally compresses earlier
than does the basal portion.

This finding has been shown to be 48-60% sensitive and 75-90% spe-
cific for pericardial tamponade, though the determination of what con-
stitutes tamponade has varied between studies [57,84-88]. In the ED-
based study of 205 patients diagnosedwith tamponadewhounderwent
pericardiocentesis within 24 hours of ED presentation, diastolic right
ventricular collapse was found in 85% of patients [21]. In the 342 pa-
tients who underwent pericardiocentesis for a clinically significant peri-
cardial effusion, right ventricular collapse was found more often from a
non-procedural etiology than from an iatrogenic and procedural etiol-
ogy (62% vs. 33%) [45]. Moreover, in the retrospective study of 187 hos-
pitalized patients diagnosed with a pericardial effusion, 64% of patients
having amoderate-large effusion (circumferential; >1 cm end-diastolic
diameter) showed diastolic right ventricular collapse compared to only
4% in small effusions (seen only posteriorly) [24].

It is critical to determine the timing of right ventricular collapse in
the cardiac cycle. Whereas right ventricular free wall contraction
would be normal if occurring during systole (i.e. when the atrioventric-
ular valves are closed), its collapse during diastole (i.e. when the atrio-
ventricular valves are open) suggests tamponade. This assessment is
best performed in the apical 4-chamber (A4C) and SXLA views that pro-
vide optimal simultaneous visualization of the atrioventricular valves
and entire right ventricular free wall (Fig. 6) (Video 7). The PLAX
view, as well as the parasternal short-axis (PSAX) and subxiphoid
short-axis (SXSA) views (particularly at the aortic valve level), visualize
mostly the outflow region.

Unfortunately, patients with pericardial tamponade often present
with tachycardia [23,40,42], making it difficult to determine if the atrio-
ventricular valve opening and right ventricular freewall collapse are oc-
curring simultaneously. The easy solution is to use the ultrasound cine
loop to cycle between consecutive still frames from a frozen image or
saved 6-second clip. Furthermore, in the A4C and SXLA views, the tri-
cuspid valve (TV) and right ventricular free wall are located close to-
gether and can usually be visualized simultaneously. Similar proximity
relationships exist between the PSAX and SXSA views (which only visu-
alize a portion of the right ventricular free wall) and the mitral valve
(MV). Alternatively, in the PLAX view, the MV and right ventricular
End-Diastolic Diameter Between Visceral and Parietal Pericardium
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< 1 cm
1-2 cm
> 2 cm

edical Center Poriya from ClinicalKey.com by Elsevier on 
ermission. Copyright ©2022. Elsevier Inc. All rights reserved.



Fig. 2. A trivial, small, moderate, and large pericardial effusion in the parasternal long-axis view. For the large effusion, a dotted line delineates the end-diastolic diameter between the
visceral and parietal pericardium. Using the baseline scale along the right side of the image as reference, this distance qualitatively appears to be > 2 cm.
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outflow tract (RVOT) are located further apart. A helpful strategy for this
view entails using M-mode due to its higher temporal resolution, with
the beam directed through the center of the RVOT free wall and the
tip of the anterior MV leaflet (Fig. 7). Themovement of these two struc-
tures will be depicted on the y-axis over time (i.e. the x-axis), allowing
determination of whether the RVOT’s collapse is truly occurring during
diastole.

The RVwill be less likely to demonstrate diastolic collapse (and thus,
tamponade physiology) in the presence of a higher baseline
intrapericardial pressure (Video 6). This would be the case for cor
pulmonale and pulmonary hypertension (PH) (inwhom30% of patients
develop a pericardial effusion [89,90]), severe left ventricular failure, or
Fig. 3. A pericardial effusion and pericardial fat pad in the subxiphoid long-axis view (PEff
= pericardial effusion, PF= pericardial fat pad, RVFW= right ventricular freewall, RV=
right ventricle).
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other etiologies of right ventricular hypertrophy [58,82,83,91-96]. Alter-
natively, right ventricular collapse will occur more readily if the cham-
ber’s intracardiac pressures are lower, such as with hypovolemia
[83,97,98].
3.4.3. Systolic right atrial collapse
When the intrapericardial pressure exceeds the right atrial intracar-

diac pressure, the thin-walled RA will collapse. The right atrial pressure
has the lowest pressure during systole than does any other chamber of
the heart during systole or diastole. Therefore, its collapse is the earliest
echocardiographic sign of tamponade [99]. Though the determination of
what constituted tamponade varied between studies, this finding has
been shown to be 50% sensitive for tamponade early in the disease pro-
cess, but up to 100% sensitive with its progression [84,85,100,101]. Its
specificity ranges from 33-100% [84,85,100-102]. These values trend
higher when the duration of right atrial collapse lasts >⅓ of the cardiac
cycle [57,101,103,104]. Otherwise, collapse during < ⅓ of the cardiac
cycle may simply reflect normal atrial contraction in diastole [85,101].

In the ED-based study of 205 patients diagnosed with tamponade
who underwent pericardiocentesis within 24 hours of ED presentation,
systolic right atrial collapse was found in 70% of patients [21]. In the 342
patients who underwent pericardiocentesis for a clinically significant
pericardial effusion, right atrial collapse was found more often with
non-procedural than iatrogenic and procedure-related effusions (71%
vs. 41%) [45]. Moreover, in the retrospective study of 187 hospitalized
patients diagnosed with a pericardial effusion, systolic right atrial col-
lapsewas found in 86% of patients havingmoderate-large effusions (cir-
cumferential; >1 cm end-diastolic diameter) compared to only 10%
with small effusions (seen only posteriorly) [24].

Systolic right atrial collapse is best assessed in the A4C and SXLA
views that provide optimal visualization of the TV and entire right atrial
free wall (the PSAX and SXSA views at the aortic valve level visualize
less of the free wall) (Image 8) (Video 8). Use of an offline software
that provided field-by-field analysis to determine a quantitative right
atrial inversion time index (i.e. number of video fields showing right
edical Center Poriya from ClinicalKey.com by Elsevier on 
ermission. Copyright ©2022. Elsevier Inc. All rights reserved.



Fig. 4. PLAX) A small pericardial and a left-sided pleural effusion in the parasternal long-axis view (*= pericardial effusion, Ao = descending aorta). Left mid-axilla) A left-sided pleural
effusion at the mid-axillary lung base. Rather than being filled with air and subject to sonographic artifacts, the lung tissue is actually visualized in this patient due to compressive atelec-
tasis.
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atrial collapse divided by the total number of video fields per cardiac
cycle) > 0.34 was shown to improve specificity and predictive value
for tamponade [101]. A similar albeit less precise evaluation can con-
ceivably be derived on standard ultrasound machines using the ultra-
sound cine loop.

Compared to their left-sided counterparts, the RA and RV will col-
lapse more readily from elevated intrapericardial pressure due to their
lower baseline intracardiac pressures (3-5mmHg and 15-25mmHg, re-
spectively). The lack of any right-sided chamber collapse carries a 90%
negative predictive value for tamponade [85]. Some exceptions include
infectious and/or loculated pericardial effusions [105-108], post-
surgical complications [109-112] leading to a compressive pericardial
blood clot [113], and large left-sided pleural effusions [114-118]. For in-
stance, a loculated effusion or blood clot adjacent only to the LV would
lead to the LV’s collapse, thereby decreasing preload and resultant car-
diac output without any right-sided heart compression. In the 342 pa-
tients who underwent pericardiocentesis for a clinically significant
pericardial effusion, a regional effusion was found more often with
iatrogenic and procedure-related compared to non-procedural effu-
sions (16% vs. 2%) [45]. Post-surgical regional tamponade may occur
early (within 24 hours, due to surgical bleeding or cardiopulmonary
Fig. 5. Both ascites (denoted “A”) and a circumferential pericardial effusion (the anterior
portion denoted “P”) visualized within the same subxiphoid long-axis view. The ascites
lies outside the hyperechoic pericardium, whereas the effusion lies within it (adapted
with permission from Abhilash Koratala MD, NephroPOCUS.com).
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bypass-induced coagulopathy) or late (up to 5-7 days after cardiac
surgery due to excessive mediastinal drainage or post-pericardiotomy
syndrome) [1]. Nevertheless, a retrospective survey of 4,561 postopera-
tive patients found that only 48 (1%) had moderate-large effusions (by
unspecified criteria), with 36 of those causing tamponade [119].

3.4.4. Plethoric and non-collapsible inferior vena cava
When compressed by the elevated intrapericardial pressure from a

pericardial effusion, the RA is unable to accommodate incoming preload
from the inferior vena cava (IVC). Hence, analogous to the sensitivity of
systolic right atrial collapse, a plethoric IVC with minimal respirophasic
variation is 95-97% sensitive for tamponade, though the definition of
tamponade has varied between studies [1,84,93,120,121]. Exceptions
include patients with low-pressure tamponade, who do not have signif-
icant venous congestion yet still benefit from pericardial aspiration
[122]. In the ED-based study of 205 patients diagnosedwith tamponade
who underwent pericardiocentesis within 24 hours of ED presentation,
a plethoric IVC was found in 70% of patients [21]. In the retrospective
study of 187 hospitalized patients diagnosedwith a pericardial effusion,
a plethoric IVC with blunted respirophasic variation was present in 75%
of patients having a moderate-large effusion (circumferential; >1 cm
end-diastolic diameter), compared to only 32% when the effusion was
small (seen only posteriorly) [24].

The long-axis of the IVC can be visualized inferior to the xiphoid pro-
cess in the sagittal plane (Fig. 9) (Video 9). The diameter is evaluated
just proximal to the hepatic vein inflow that lies between 0.5-3.0 cm
from the IVC-RA junction [123]. The use of M-mode is not recom-
mended, because inadvertently placing the beam obliquely to the
long-axis of the IVC (versus perpendicularly) will overestimate IVC di-
ameter and underestimate its collapsibility. The opposite will occur
(i.e. an underestimated diameter and overestimated collapsibility) if
the transducer is not placed (or does not remain) along the IVC’s long-
axis during the evaluation [123].

ASE guidelines define a plethoric IVC as having diameter > 2.1 cm
with < 50% respirophasic variation [1,123]. However, in the time-
sensitive context of evaluating symptomatic patients, a qualitative bi-
nary assessment of plethoric and non-collapsible versus thin or collaps-
ible is sufficient [59].

3.4.5. Respirophasic variation in mitral and tricuspid inflow velocities as a
surrogate for pulsus paradoxus

Under normal circumstances, spontaneous inspiration and associ-
ated chest cavity expansion draw air into the lungs due to the negative
intrathoracic pressure. Increased lung oxygen content leads to a de-
crease in pulmonary vascular resistance, thereby facilitating increased
edical Center Poriya from ClinicalKey.com by Elsevier on 
ermission. Copyright ©2022. Elsevier Inc. All rights reserved.
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Fig. 6. Diastolic right ventricular collapse from large pericardial effusions in the parasternal long-axis, parasternal short-axis, apical 4-chamber, and subxiphoid long-axis views.
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blood flow through the right side of the heart to the pulmonary arterial
system. As the two ventricles occupy the same spacewithin the pericar-
dial sac, an increase in filling of the RV is normally associated with a
minimal (< 5%) decrease in filling of the LV [92].

With pericardial tamponade from an evenly distributed effusion, an
elevation in intrapericardial pressure (generally > 15 mmHg when se-
vere) leads to equalization of the right and left ventricular end-diastolic
pressures (i.e. within 5mmHg) [1]. Since the ventricles now also compete
with the effusion for space within the pericardial sac, the effects of ven-
tricular interdependence are more pronounced. An increase or decrease
Fig. 7.A)M-mode of diastolic right ventricular collapse in the parasternal long-axis view. Note h
the timing of the mitral valve opening (i.e. diastole). B) No diastolic right ventricular collapse. N
terior mitral valve leaflet is open.
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in the diastolic volume of one ventricle will have the opposite effect on
the volume of the other ventricle. Accordingly, with the increased right-
sided cardiac filling associated with inspiration, the RV cannot fully ex-
panddue to the effusion, and therewill be further bulging of the interven-
tricular septum towards the LV than normal. As a result, there will be
decreased blood flow through the left side of the heart, with a resultant
drop in stroke volume. This manifests as the abnormally large decrease
in inspiratory SBP > 10 mmHg seen with pulsus paradoxus.

An echocardiographic surrogate for the changes in blood flow
through the left and right sides of the heart is the measurement of
ow the inwardmovement of the right ventricular outflow tract freewall correspondswith
ote how the right ventricular outflow tract free wall does not bow inwards when the an-
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Fig. 8. Systolic right atrial collapse from large pericardial effusions in the apical 4-chamber and subxiphoid long-axis views. Note the invagination of the right atrial free wall when the
tricuspid valve is closed (i.e. during systole).
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blood flow velocities through the MV and TV, respectively [124,125].
These velocities, along with their variation over several heartbeats be-
tween inspiration and expiration, can be obtained using pulsed wave
Doppler in the A4C view (Fig. 10). In this orientation, blood through
the atrioventricular valves will flow roughly in the same direction as
the soundwaves emitted from the transducer, providing the largest ob-
tainable Doppler shift (i.e. Doppler shift FD ∝ cos(θ); cos(0°) = 1).

Under normal circumstances, the peak respirophasic variation in E-
wave mitral inflow velocity is approximately 5% [125]. In spontaneously
breathing patients with pericardial tamponade, there will be an approxi-
mately > 30% inspiratory decrease in blood flow velocity through the
MV and > 60% inspiratory increase through the TV [1,46,59,61,
85,124,126,127]. Themagnitude of this respiratory variation is not predic-
tive of pericardial pressure or severity of hemodynamic compromise [128].
This finding may also appear with marked dyspnea, severe chronic ob-
structive pulmonary disease, and pulmonary embolism [129]. In the ED-
based study of 205 patients diagnosed with tamponade who underwent
pericardiocentesis within 24 hours of ED presentation, exaggerated mitral
inflow velocity variability was found in 78% of patients [21]. In the 342 pa-
tientswhounderwent pericardiocentesis for a clinically significant pericar-
dial effusion, respirophasic transvalvular flow variation was found more
often with non-procedural than with iatrogenic and procedure-related ef-
fusions (33% vs. 15%) [45]. Of note, for patients receiving positive-pressure
ventilation, sonographic pulsus paradoxus is not as useful for determining
Fig. 9. A plethoric and non-collapsible inferior vena cava visualized draining into the right
atrium in the subxiphoid long-axis plane.
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whether an effusion is causing tamponade. In an experimental study of
subjects receiving positive-pressure ventilation, respirophasic variation in
MV inflow velocity was greater than normal (36%), decreasedwith a peri-
cardial effusion (29%), and decreased even further with tamponade (16%)
[130]. Since the left ventricular filling gradient in pericardial tamponade is
already compromised by cardiac compression, the respiratory variations in
pleural and pericardial pressures due to positive-pressure ventilation have
minimal effect.

3.5. Emergency department management

The ultimate management of pericardial tamponade is drainage of
the effusion. Just as even a small amount of additional fluid can push
the intrapericardial pressure above the intracardiac pressure (i.e. caus-
ing tamponade), drainage of a small amount of fluid can relieve tam-
ponade due to the steep pericardial pressure-volume relationship
(Fig. 1, top-center). After drainage, the cardiac chambers can fully ex-
pand, allow incoming preload, and thereby produce sufficient stroke
volume and cardiac output. The procedure’s timing (i.e. emergent, ur-
gent, or elective) and technique (i.e. percutaneous pericardiocentesis
or surgical drainage) depend on certain considerations.
Fig. 10. Exaggerated respirophasic variation of mitral valve inflow velocity as a surrogate
for pulsus paradoxus.
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Table 8
Indications for emergent [8,127,131,132] and urgent (while admitted) [8,132-140] peri-
cardiocentesis.

Emergent Urgent

Hemodynamic shock
Purulent, tuberculous, or neoplastic
effusion

Impending cardiac arrest
Human immunodeficiency virus or
other immunosuppression

Cardiac arrest
Loculated effusion not amenable to
percutaneous drainage

Rapidly deteriorating patients with
iatrogenic hemopericardium

Symptomatic despite medical
treatment
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3.5.1. To drain or not to drain
For a patient with a pericardial effusion, the emergency physician

must decide whether the effusion requires drainage, and if so, whether
the procedure must be performed emergently versus urgently (within
12-48 hours while admitted) (Table 8). These decisions depend on the
clinical presentation, changes in hemodynamic status over time, risk-
benefit ratio of the procedure, and echocardiographic findings [8]. In
brief, the emergency physician must perform the pericardiocentesis in
the ED when any delay could lead to the patient’s hemodynamic col-
lapse and death.

For those patients with tamponade but not in hemodynamic shock,
the ESC published a triage strategy in 2014 that provides a numerical
score corresponding to the risk and likelihood of developing obstructive
shock and hemodynamic compromise [8]. First, the etiology is assessed
for its association with large effusions (e.g. malignancy). Second, the
clinical presentation is assessed for highly symptomatic patients (e.g.
orthopnea without rales) who are acutely worsening, and with con-
cerning vital signs or physical examination findings. Third, bedside
echocardiography is assessed for a circumferential pericardial effusion
and other sonographic signs of tamponade. Suggestive ECG (e.g. low
voltage) and chest radiograph (e.g. cardiomegaly) findings fall under
this step as well. Higher scores call for immediate drainage, whereas
lower scores allow delay for up to 12-48 hours. If the hospital has lim-
ited experience with pericardial drainage, transfer to a specialized insti-
tution is indicated so long as the patient is clinically stable [8].

Regardless of this numerical score, the ESC advocates that certain in-
dications warrant urgent surgical management (Table 9) [8,141]. For
patientswith aortic dissection ormyocardial rupture, pericardiocentesis
may cause an increase in SBP from a temporary rise in cardiac output.
This can lead to worsening of the dissection with potential aortic rup-
ture and recurrent pericardial bleeding, respectively [142-145]. How-
ever, if surgical management is not promptly available for an aortic
dissection or the patient is unlikely to survive transfer to the operating
room, controlled percutaneous drainage of very small amounts of
hemopericardium (raising the SBP to the lowest acceptable level ~ 90
mmHg) can be attempted as a stabilizing measure [146-150].

In hemodynamically stable patients with pericardial effusions, an-
other author group previously developed a stepwise pathway-based al-
gorithm in 2011 for quantifying the need for pericardial drainage [151].
They used the CHASER mnemonic for entry into this pathway: Chest
pain, Hypotension or Arrest, Shortness of breath, Echocardiographic or
other imaging finding of pericardial effusion, and Right-predominant
Table 9
Indications for urgent surgical mnagement regardless of pericardial effusion etiology,
patient presentation, and echocardiographic findings

Indications for Urgent Surgical Management of Pericardial Tamponade

Type A aortic dissection causing hemopericardium
Ventricular free wall rupture after acute myocardial infarction
Severe chest trauma
Iatrogenic hemopericardium when bleeding cannot be controlled percutaneously
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heart failure. Echocardiographic parameters included pericardial effu-
sion etiology, size, and findings suggestive of hemodynamic compro-
mise. The following year, the same author group retrospectively
evaluated this tool in hospitalized patients with moderate-large effu-
sions (≥ 1 cm end-diastolic diameter) and no hemodynamic compro-
mise on admission [152]. The pericardial effusion scoring index
obtained from the initial presentation (i.e. initial medical contact lead-
ing to evaluation for pericardial effusion) showed a high accuracy in
identifying patients who required pericardial drainage at a mean
follow-up of 2.5 days later.

For patients with moderate-large effusions (≥ 1 cm end-diastolic di-
ameter), another author group in 2021 retrospectively derived and in-
ternally validated a simplified tool to predict the risk of pericardial
drainage or death attributed to tamponade within 24 hours [46]. Vari-
ables incorporated into a numerical score included SBP < 100 mmHg,
pericardial effusion diameter, diastolic right ventricular collapse, and
> 25% respirophasic variation of the mitral inflow velocity. The need
for drainage within 24 hours was risk-stratified as low (8.1%), interme-
diate (63.8%), or high (93.7%), respectively.

Though emergent drainage of a large pericardial effusion without
hemodynamic compromise is not indicated in the ED, these patients
nonetheless warrant coordination with consulting services (i.e. cardiol-
ogy) for conservative management and monitoring over time, or per-
haps elective drainage [132,134,135,153].

3.5.2. Contraindications to pericardiocentesis
There are no absolute contraindications to pericardiocentesis in the

setting of pericardial tamponade causing hemodynamic shock. How-
ever, several relative contraindications exist (Table 10) [8,154]. Never-
theless, two such examples—thrombocytopenia (< 50,000 103 cells/
μL) and coagulopathy (INR ≥ 1.5)—did not demonstrate an association
with major bleeding complications in a retrospective review of 1,196
echocardiography-guided pericardiocentesis procedures performed by
experienced cardiologists [155]. Moreover, platelet transfusion in
thrombocytopenic patients does not appear to modify the risks of peri-
cardial drainage [156,157].

3.5.3. Management considerations preceding emergent pericardiocentesis
First, in the brief time interval between diagnosis and emergent

drainage, hemodynamics andend-organ perfusion should be optimized.
For a patient with penetrating injury to the chest causing cardiac rup-
ture and hemorrhagic shock, blood products should be administered
emergently [158]. For patients with non-traumatic tamponade, admin-
istration of 250-500mL intravenous fluids (IVF) over 10minutes should
be considered in dehydrated hypovolemic patients with an SBP <
100 mmHg [141,159-163]. In these patients, volume expansion may
lead to a rise (albeit modest) in arterial pressure and cardiac output.
An increase in cardiac output from receiving IVF has also been predicted
by a resting heart rate > 109 beats per minute, but not by a larger peri-
cardial effusion size, presence of right atrial or ventricular collapse, or
raised jugular venous pressure [159,160].

As a caution against liberal IVF administration, an increase in arterial
pressure could be offset by an increase in left ventricular end-diastolic
pressure causing pulmonary edema [160,164]. Moreover, in a reflection
of increased ventricular interdependence occurring with pericardial
Table 10
Relative contraindications to pericardiocentesis

Relative Contraindications to Pericardiocentesis

Uncorrected coagulopathy
Ongoing anticoagulant therapy with INR > 1.5
Thrombocytopenia < 50,000 cells/μL
Posterior pericardial effusion
Loculated pericardial effusion
Effusion responding to anti-inflammatory treatment
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tamponade, volume expansion of the right-sided chambers may lead to
compression of the left-sided chambers with a corresponding drop in
cardiac output [161]. Therefore, volume expansion above 500 mL is
not recommended unless the patient clearly remains hypovolemic.

Furthermore, due to a decreased stroke volume in pericardial tam-
ponade, cardiac output becomes dependent on compensatory tachycar-
dia. If the heart rate fails to increase appropriately, the use of inotropy
for inducing tachycardia can be considered [165]. Experimental studies
have examined the potential role of various inotropes and vasopressors
in tamponade [166,167], with some supporting the use of the β-
adrenergic agent isoproterenol due to its positive inotropy (via β1

receptors), peripheral vasodilation to reduce systemic vascular
resistance (via β2 receptors), and positive chronotropic effects [168-
171]. Unfortunately, isoproterenol may not be readily available in all
ED’s. A more widely available and better option may be low-dose epi-
nephrine (0.01-0.5 mcg/kg/min), which works more specifically as an
inotrope (via β1 receptors) with some vasoconstrictive effects (via α1

receptors), which minimizes potential hypotension.
Second, anticoagulation, coagulopathies, and anemia must be

treated as quickly as possible, preferably prior to pericardial drainage
[8]. Third, elevated blood pressure readings should not be treated ag-
gressively. A medication-induced decrease in blood pressure, along
with relief of the sympathetic surge following pericardial drainage,
may together contribute to significant hypotension and hemodynamic
compromise [51,172].

Fourth, it may be tempting to place a dyspneic patient on positive-
pressure non-invasive ventilation. However, when the associated in-
crease in intrathoracic pressure decreases preload to the right heart, it
also decreases intracardiac pressures and renders those chambers
more susceptible to collapse from the elevated intrapericardial pressure.
This leads to a further decrease in cardiac output than would be ex-
pected from just positive-pressure ventilation. The positive end-
expiratory pressure (PEEP) also compresses the heart, vena cavae, and
pulmonary vasculature, which leads to reduced filling of both right-
and left-sided cardiac chambers [167,173]. Furthermore, endotracheal
intubation and invasive ventilation pose even greater risks, as the
cardiovascular-depressing induction and sedation agents contribute to
hypotension and decreased cardiac output [174]. Therefore, mainte-
nance of spontaneous ventilation is recommended [173,175,176], with
dissociative agents such as ketamine of potential use for performing
the pericardiocentesis [177]. During this time, hypercarbia should be
avoided, as it increases pericardial pressure and (through respiratory
acidosis) decreases cardiac performance [178].

If non-invasive or invasive ventilation cannot be avoided, drainage of
pericardial fluid should ideally be performed beforehand [173,179].
Otherwise, initiation of positive-pressure ventilation should at least be
delayed until pericardial drainage is imminent [173,175,176,179]. For
the intubation itself, an awake intubation ( i.e. airway topicalization
followed by gently-induced sedation and analgesia) can be used to
avoid the deleterious effects on cardiac output by the typical dosing
for induction and sedation agents [176,179]. Once intubated, higher re-
spiratory rates (and therefore smaller tidal volumes) can help avoid the
high-inspiratory airway pressures associated with decreased cardiac
output in tamponade [167].

3.5.4. Where to drain the effusion
The optimal location for a pericardiocentesis is the site at which the

visualized fluid pocket is largest and shallowest, with no intervening or-
gans or vital structures.Multiple echocardiographic views should be ob-
tained in order to determine this site. Pushing too hard with the
transducer and indenting the skin will provide falsely shorter estimated
distances to the effusion. Prior studies have varied in their support for
the PLAX, A4C, and SXLA approaches [180-184]. One ED-based retro-
spective study of 166 pericardial effusions diagnosed by POCUS found
that the skin-to-effusion distance the needle must travel was least in
the A4C (2.5 cm) and PLAX (2.7 cm) views, as compared to the SXLA
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view (5.6 cm) [185]. As determined by Clinical Ultrasound Fellowship-
trained physicians, they also found a lower predicted complication
rate for the PLAX (20.2%) and A4C (31.9%) views, as compared to the
SXLA view (79.7%). The most frequently predicted complications for
each of the views were poor image quality precluding a safe procedure
(30.0%), inability to access the fluid collection (26%), and liver puncture
(83.7%), respectively.

Using the PLAX or A4C approaches may raise concern for needle
puncture of the lung and an iatrogenic pneumothorax. However, if the
lung lies in the proposed needle path, this will be made clear by the
sonographic artifacts of lung tissue such as A-lines. Encountering lung
tissue will be more likely in patients with chronic obstructive pulmo-
nary disease in whom lung hyperinflation obscures the parasternal
views, inwhich case the SXLA approachwould bewarranted.Moreover,
for the parasternal approach, care must be taken to avoid the internal
thoracic artery (also known as the internal mammary artery) that
runs approximately 1-3 cm lateral to the left sternal border [154]. The
needle should also enter at the superior border of the rib to avoid injur-
ing the neurovascular bundle inferiorly. As an interesting caveat, though
the A4C approach risks ventricular puncture due to proximity to the LV,
this chamber’s thicker wall is more likely to self-seal after inadvertent
puncture than will other chambers.

Though thrombocytopenia and coagulopathy are only relative con-
traindications to pericardiocentesis, the SXLA approach should ideally
be avoided in these patients so as to avoid liver injury and associated
bleeding. For patients in cardiac arrest, the PLAX approach may be pre-
cluded by ongoing chest compressions, defibrillation pads, and other re-
suscitative activities. The SXLA approach may thus be a safer and more
realistic option in cardiac arrest [186].
3.5.5. Pearls and pitfalls for the pericardiocentesis procedure
Pericardiocentesis in the ED has classically been performed with the

subxiphoid approach using anatomical landmarks, with a long needle
directed towards the left shoulder at a 30° angle to the skin [141]. How-
ever, echocardiography can reveal the location and depth of the effu-
sion, intervening structures, and therefore, the ideal entry site. In the
echocardiography-assisted method, the operator plots the needle tra-
jectory first and then separately advances the needle along this path.
In the echocardiography-guided method, the needle is visualized
throughout the entire process of puncturing the skin, advancing to-
wards the effusion, and draining it. The complication rate for pericardio-
centesis is much lower when using ultrasound assistance or guidance
(0.5-3.7%) as compared to blind or using electrocardiogram assistance
(15–20%) [180,187-195].

There are several key considerationswhen setting up the pericardio-
centesis procedure [144,154,196-198]. First, elevating the head of the
bed to the semi-reclined position prevents pericardial fluid from gravi-
tating posteriorly, as it would in a supine patient. Secondly, this position
may also prevent hypoxia and respiratory distress, which facilitates the
safety of the procedure by helping the patient remain still. Thatwill also
be supported by injecting liberal amounts of local anesthesia (without
epinephrine) along the planned needle tract. Third, intravenous seda-
tion should be avoided in hemodynamically unstable patients, as re-
moving the patient’s sympathetic drive can lead to a precipitous drop
in SBP.

Fourth, decreasing the depth of the visual field increases the pulse
repetition frequency (and thereby the frame rate),which enhances nee-
dle visualization. Whereas diagnosis and characterization of a pericar-
dial effusion call for echocardiographic visualization of all cardiac
structures, safe needle guidance requires only seeing the desired effu-
sion pocket, which is optimized with less depth in a given view
(Fig. 11) (Video 10). If the fluid pocket is superficial enough (within ap-
proximately 5 cm depth), the high-frequency linear transducer can be
used to provide the optimal resolution. This transducer is already com-
monly used for other ED procedural skills requiring needle guidance
edical Center Poriya from ClinicalKey.com by Elsevier on 
ermission. Copyright ©2022. Elsevier Inc. All rights reserved.



Fig. 11. Pericardiocentesis of an anterior pericardial effusion at low depth (providing optimal needle visualization) using the linear (adaptedwith permission fromAhad AlhassanMD) and
curvilinear transducers.
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such as peripheral [199,200] and central line placement [201],
arthrocentesis [202], and abscess drainage [203].

Of note, the phased array transducer used for echocardiography is
not well-suited for needle guidance. Whereas the piezoelectric crystals
of single-element transducers (e.g. linear and curvilinear) are lined up
to emit sound waves in a fixed direction (i.e. towards the needle), the
scan lines of the phased array transducer emanate in a fan-like forma-
tion from the narrow beam point in the center of the transducer face.
A differential timed excitation of these piezoelectric crystals causes
the beam to be electronically steered and swept through tissue without
movement of the transducer itself. Therefore, a smaller proportion of
these sound waves encounter the needle directly to be reflected back
to the transducer. Instead, the visual “slice” depicted on the screen in-
corporates all the views insonated from the fan-like emanation of
sound waves, and not just those structures to which the transducer is
physically pointing.

The next critical safety checkpoint is proper advancement of the
pericardiocentesis needle into the pericardial space. First, the plastic
cannula tip sits approximately 1 mm proximal to the needle tip visual-
ized under ultrasound guidance. Therefore, the needle should be ad-
vanced into the effusion by that amount prior to advancing the
cannula. Second, the needle or catheter location should be confirmed
prior to attempted aspiration of the effusion. This is best achieved by vi-
sualizing the needle or catheter within the effusion using multiple
Fig. 12.Administration of agitated saline to confirmpericardiocentesis catheter placement
in the pericardial space. In this apical 4-chamber view using the phased array transducer,
bubbles produced by the agitated saline appear outside and lateral to the left-sided heart
chambers (adapted with permission from Robert Jones DO).
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echocardiographic views. A supplementary confirmation technique en-
tails injecting up to 10 mL of agitated saline and visualizing the bubbles
within the pericardial space (Fig. 12) (Video 11) [196,204,205]. In the
event that a cardiac chamber is inadvertently perforated, the catheter
should not be removed until another drainage catheter is properly
placed into the pericardial space. If the bleeding persists, surgical repair
is needed. Third, if the needle is not long enough or cannot reach the ef-
fusion for other reasons, or aspiration through the narrow catheter does
not seem feasible (e.g. purulent or clottedmaterial), then surgical drain-
age is indicated [8].

Once aspiration begins, a hemorrhagic appearance to the fluid war-
rants that 5-10 mL be expelled onto a gauze pad to examine for small
blood clots. If there are no clots, the blood is likely from the pericardial
space, as the pericardial mesothelium carries intrinsic fibrinolytic and
anti-clotting properties [206]. Conversely, if clots are present, this indi-
cates that either the needle is intracardiac from an inadvertent puncture
(blood carries a higher hemoglobin and hematocrit than pericardial
fluid), or the clots occurred due to fresh bleeding from an aortic dissec-
tion, myocardial rupture, or traumatic hemopericardium (Fig. 13)
(Video 12) [207]. In either case, aspirationmust be ceased immediately.
In the latter scenario, further drainage will allow SBP to rise and pro-
moteworsening of the aortic dissection (with potential rupture) or ven-
tricular rupture. As a caveat, aspirated effusion contents can be falsely
negative for hemorrhage due to clotted blood products impeding
Fig. 13. Traumatic hemopericardium in the subxiphoid long-axis view. Note the hyper-
echoic clotted blood adjacent to the apex of the heart.
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aspiration through the catheter. Additionally, in anticoagulated pa-
tients, the aspirated contents may take a longer time to coagulate into
clots. Lastly, a myocardial or coronary artery puncture may initially re-
main clinically silent and later present with delayed hemopericardium.

As aspiration continues, the pericardial fluid should be drained
slowly. Though more often associated with surgical drainage, a rapid
evacuation of > 1 L of fluid can lead to pericardial decompression syn-
drome [8,184,208-212]. With a mortality of 29% in 35 cases found be-
tween 1983-2013 [208], this condition manifests immediately or up to
within 48 hours as cardiogenic pulmonary edema and left-, right-, or
biventricular heart failure. It may occur with up to 5% of all pericardio-
centesis procedures and is likely underreported [184]. A theorized
mechanism is that increased right ventricular preload and chamber en-
largement (from removal of the compressive pericardial fluid) distends
the muscle fibers and thereby reduces right ventricular systolic func-
tion. In conjunction with a persistent catecholaminergic peripheral va-
soconstriction, right ventricular compression upon the LV leads to
acute left ventricular pressure overload [209]. Patients with chronic
PH and right ventricular dysfunction have a particularly high risk for
mortality after pericardial drainage [213]. The already pressure-
overloaded RV can now enlarge even further, resulting in further septal
bowing into the LV and decreased left ventricular preload. Additionally,
the reduction in diastolic coronary bloodflow associatedwith right ven-
tricular overdistention leads to chamber ischemia. Treatment for this
condition is supportive.

Finally, once initial drainage is completed, the catheter should ide-
ally be left in place (or guided in using Seldinger technique if only a nee-
dle was used initially) while it continues to drain > 25 mL per day
[8,73,134,196,214]. This will help achieve complete pericardial drain-
age, as well as facilitate adherence between the visceral and parietal
pericardial layers to prevent the effusion from reaccumulating [134]. In-
termittent drainage is recommended, with saline left within the cathe-
ter to prevent its occlusion [197]. The pericardial effusion recurrence
rate for extended drainage is 12-24% compared to 27-55% after simple
pericardiocentesis [215,216].

4. Conclusions

Pericardial tamponade is a life-threatening condition requiring
timely diagnosis and management. Effusions arise from varying etiolo-
gies and can develop into tamponade acutely or sub-acutely. The clinical
presentation most often includes dyspnea. Though classically taught,
Beck’s triad does not actually appear commonly. Echocardiographic
findings consist of a pericardial effusion (larger size more often associ-
ated with tamponade), diastolic right ventricular collapse (specific),
systolic right atrial collapse (sensitive), a plethoric and non-collapsible
IVC (sensitive), and respirophasic changes in themitral and tricuspid in-
flow velocities that reflect pulsus paradoxus. The decision and timing
for performing a pericardiocentesis depend on clinical presentation,
patient hemodynamics, effusion etiology, and sonographic findings.
Patientswith hemodynamic instability, impendingdeterioration, or car-
diac arrest warrant emergent ED pericardiocentesis. Emergent surgical
indications include type A aortic dissection causing hemopericardium,
ventricular free wall rupture after acute myocardial infarction, severe
chest trauma, and iatrogenic hemopericardium when bleeding cannot
be controlled percutaneously.

Certain management considerations leading up to the procedure
include administration of blood products to patients with traumatic
hemopericardium; gentle IVF administration to hypotensive, hypovole-
mic patients with consideration for vasoactive medications such as
epinephrine; and treatment of anticoagulation, coagulopathies, and
anemia. Positive-pressure ventilation will decrease cardiac output, and
intravenous sedation can remove the patient’s sympathetic drive main-
taining their blood pressure. Both of those interventions should be
avoided if possible. The optimal location for echocardiography-guided
pericardiocentesis is the largest and shallowest fluid pocket with as
171
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few intervening organs and vital structures as possible. For the proce-
dure itself, elevating the head of the bed to the semi-reclined position
to prevent hypoxia, as well as using liberal amounts of local anesthesia,
will help the patient remain comfortable and still. Safe needle guidance
and confirmation of proper catheter placement should be undertaken
using low-depth sonographic views, injection of agitated saline, and
evaluation of the initial aspirate for a hemorrhagic appearance. Finally,
the pericardial fluid should be drained slowly over time to prevent peri-
cardial decompression syndrome.
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