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Chapter 7
Cardiac Tamponade in the ER

Carlos Jerjes-Sanchez and Alejandro Trevino

7.1 The Scope of the Problem

Cardiac tamponade is a condition caused by several clinical conditions which can
eventually lead to cardiovascular collapse as a final event. High-clinical suspicion is
paramount in order to identify these patients and provide timely treatment. In cur-
rent times, with percutaneous cardiovascular interventions becoming more readily
available and with early discharges being emphasized, we may see more of these
patients presenting to the emergency room (ER).

7.2 Prevalence

The prevalence of cardiac tamponade varies depending on the etiology and degree
of pericardial effusion. Table 7.1 lists the main etiologies of cardiac tamponade and
their prevalence. In a study including 322 patients with moderate to severe pericar-
dial effusion, the prevalence of cardiac tamponade was of 37% [1]. An older study
in patients undergoing pericardiocentesis documented cardiac tamponade in 48% of
the cohort; however, the sample size was small [2]. Although it varies through stud-
ies, the most common causes of an effusion resulting in tamponade are malignancy
26—44%, idiopathic 8-27%, iatrogenic 14-21%, and post-cardiac surgery 9-28%.
During atrial fibrillation, a study with more than 5000 patients found an incidence
close to 1%, being more frequent in patients who underwent ablation with radiofre-
quency when compared to cryoballoon [3].
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Table 7.1 Etiology of cardiac tamponade [1, 2, 4, 5]

Malignancy 26-44%
Acute idiopathic 8-27%
Iatrogenic effusion (post procedure) 14-21%
Post-cardiac surgery 9-28%
Acute myocardial infarction 4-10%
Uremia 4-12%
Connective tissue disease 4-12%
Viral 2-14%
Tuberculous/purulent 10-26%
Radiation induced 14%
Other causes trauma, aortic dissection, pneumopericardium, medications NA
(anticoagulants, procainamide, hydralazine, isoniazid)

Percentages from reference [2] include patients with tamponade; references [1, 4, 5] include
patients who underwent pericardiocentesis with no specification about tamponade and causative
etiology

7.3 High-Clinical Suspicion in the ER

There should be a high index of suspicion of cardiac tamponade in patients who
have had a recent cardiac procedure, history of malignancy, chest trauma, or other
clinical conditions (Table 7.1) and have elevated jugular venous pressure (JVP) on
clinical examination. Suspicion should be even higher if they present with hypoten-
sion or borderline blood pressure measurements. A quick bedside echocardiogram
in the ER can determine if further detailed testing is needed. If these patients are
not identified promptly early on their presentation, they can decompensate quickly.
We recommend early thoracentesis in the setting of atrial or ventricular collapse by
echocardiography, even in the case of clinical stability patients with severe pericar-
dial effusion.

7.4 Risk Factors

The likelihood of a pericardial effusion developing cardiac tamponade depends on
several factors, for which understanding the underlying pathophysiology is of criti-
cal importance. In a normal heart, intrapericardial pressures (IPP) are lower than
intracardiac pressures at baseline and have physiologic changes in response to intra-
thoracic and intracardiac pressures. The presence of greater than the normal fluid in
the pericardial space increases the IPP, the extent to which it will do so depends on
the pressure-volume relationship, which itself depends on the time frame in which



7.4 Risk Factors 127

the fluid accumulated. In acute effusions resulting from cardiac injury, for example,
the pericardial reserve volume is low, and small amount of fluid as low as 100-
200 cc may increase IPP significantly.

In chronic effusions the pericardium has time to adapt and become more elastic,
increasing the pericardial reserve volume and allowing a greater amount of fluid
to accumulate before the IPP exceeds intracardiac pressures. Increased IPP results
in underfilling of the right atrium, producing a decrease in ventricular dimensions
and cardiac output. Progressive increases in IPP eventually lead to equalization of
intrapericardial and intracardiac pressures, impairing cardiac output and resulting
in cardiovascular collapse as a final event [6]. Cardiac tamponade has a progressive
course which can be classified into several stages. Table 7.2 describes the events that
occur in each of these four stages.

Some conditions causing pericardial effusion are more likely to evolve into
cardiac tamponade than others. Table 7.3 compares conditions that are likely, less
likely, and very unlikely to progress to pericardial effusion.

Table 7.2 Stages of cardiac tamponade [7, 8]

Stage Hemodynamic/clinical effect

Preclinical IPP equals right atrial pressure but is lower than

left atrial pressure

Normal JVP

No hypotension or tachycardia
Perfusion preserved

Initial tamponade/compensated IPP equals left atrial pressure

Pulsus paradoxus present <20 mmHg
Elevated JVP

No hypotension or tachycardia

Mild RA, RV collapse

Moderate tamponade/compensatory IPP > 10-12 mmHg

mechanisms activated Elevated JVP >15 mmHg

Signs of right chamber compression

Tachycardia, dyspnea
Prominent pulsus paradoxus

Adequate perfusion

Advanced tamponade/decompensated | Sinus tachycardia and tachypnea
JVP >20 mmHg
Decreased stroke volume

Hypotension with clear pulsus paradoxus

Decreased perfusion

RA right atrium, RV right ventricle, /PP intrapericardial pressure, JVP jugular venous pressure
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Table 7.3 Progression to cardiac tamponade based on etiology [7]

Likely to progress to pericardial effusion

Iatrogenic hemopericardium

Postcardiotomy syndrome

Neoplastic

Infectious (tuberculosis, cytomegalovirus, human
immunodeficiency virus, enteroviruses)

Post-traumatic

Renal

Pericardial effusion from aortic dissection

Pericardial effusion from myocardial rupture
post-myocardial infarction

Less likely to progress to pericardial
effusion

Autoimmune disease

Autoreactive pericardial effusion

Thyroid disorders

Late/early pericarditis post-myocardial infarction

Other etiologies (chylopericardium, cholesterol
pericarditis)

Very unlikely to progress to pericardial
effusion

Transudates in heart failure or pulmonary
hypertension

Transudates in last trimester of normal pregnancy

7.5 Clinical Presentation

7.5.1 Main Clinical Characteristics

* Dyspnea

e Tachypnea

e Syncope

e Tachycardia

e Hypotension

e Pulsus paradoxus

* Jugular venous distension

* Lung fields clear to auscultation
* Muffled heart sounds

7.5.2 Physical Exam

A physical exam is of great importance, given the diagnosis of cardiac tamponade is
a clinical one, and imaging studies should be confirmatory. A systematic review cal-
culated a pooled sensitivity for physical exam findings in cardiac tamponade: pulsus
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paradoxus 82%, tachycardia 77%, hypotension 26%, diminished heart sounds 28%,
and JVD 76% [9].

In cardiac tamponade, inspiration results in an increased filling of the right atrium
and ventricle, producing septal shifting toward the left ventricle (LV) and decreas-
ing its filling. These changes result in a decreased cardiac output, producing a drop
of systolic blood pressure during inspiration manifested as pulsus paradoxus. Pulsus
paradoxus is usually measured with a sphygmomanometer by inflating the brachial
cuff above the systolic pressure and deflating it slowly. A note is taken when the first
Korotkoff sound is heard, and as the cuff continues to deflate, the Korotkoff sounds
will only be present during expiration initially; careful attention must be paid to
when the Korotkoff sounds are heard both during inspiration and expiration, mark-
ing the second and final measurement.

Pulsus paradoxus is present when the difference between the first and second
measurements is greater than 10 mmHg. A physiologic measurement should pro-
duce a difference of less than 6 mmHg. A value greater than 10 mmHg has a sen-
sitivity of 98% and a specificity of 70%; if the cutoff is increased to 12 mmHg, the
specificity increases to 83% [9]. Pulsus paradoxus can also be present in different
pathologies listed in Table 7.4. The absence of pulsus paradoxus in the presence of
cardiac tamponade may be due to several cardiac conditions in which the intracar-
diac pressure and flows are modified. These conditions include left ventricular (LV)
or right ventricular (RV) dysfunction, LV hypertrophy, aortic regurgitation, atrial
septal defect, extreme hypotension, local cardiac adhesions, and acute LV myocar-
dial infarction [10, 11].

The acute cardiac compression triad, also known as Becks triad, consists in
hypotension, JVD, and diminished heart sounds. While it is frequently mentioned
when entertaining a diagnosis of cardiac tamponade, clinicians must be aware that
the population initially studied included surgical patients with intrapericardial hem-
orrhage from cardiac trauma, myocardial rupture from myocardial infarction, and
aortic or coronary rupture [12]. Medical patients commonly present with a slower
accumulating effusion evolving into cardiac tamponade, in which the absence of
Becks triad should not rule out the diagnosis [13].

Table 7.4 Other causes of
pulsus paradoxus [10, 11]

Acute asthma

Chronic obstructive pulmonary disease exacerbation
Severe pericardial effusion

Hypovolemic shock

External cardiac compression Figure

Restrictive cardiomyopathy

Constrictive pericarditis

Tracheal compression

Tension pneumothorax

Compressive pleural effusions

Tricuspid atresia
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Fig. 7.1 (a) Baseline chest X-ray. (b) Chest X-ray 3 weeks after placement of dialysis catheter;
notice the water bottle appearance

7.5.3 Chest X-ray

Chest X-ray can provide initial clues to the presence of a large pericardial effu-
sion, but it is not diagnostic and does not provide information as to whether cardiac
tamponade is present. Findings include an enlarged heart in a “water bottle” shape
(Fig. 7.1) compared to previous (sensitivity 71%, specificity 41%), a pericardial fat
stripe (sensitivity 12%, specificity 94%), and a predominant left-sided pleural effu-
sion (sensitivity 20%, specificity 100%) [14]. A systematic review found a pooled
sensitivity of 89% for cardiomegaly in the diagnosis of cardiac tamponade [9].

7.5.4 Electrocardiogram

The presence of low voltage in the ECG should raise suspicion for cardiac tampon-
ade, as seen in a study where 61% of the patients with cardiac tamponade had low
voltage but was not present in stable patients with large pericardial effusions [15].
However, other studies have shown lower sensitivities with low QRS voltage; a
systematic review found a pooled sensitivity of only 42% [9].

7.5.4.1 Transthoracic Echocardiogram

The findings seen on echocardiography reflect the effects increased intrapericardial
pressure has on intracardiac pressures (Fig. 7.2). They are summarized in Table 7.5.

Inferior vena cava dilatation measured during M mode greater than 2.1 cm with
less 50% collapse in diameter with inspiration can be found in up to 92% of patients.
The same study showed a sensitivity of 97% with a specificity of 40%, as it can
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Fig. 7.2 2D echocardiogram showing a large pericardial effusion in (a) apical four chamber and
(b) short axis

Table 7.5 Echocardiographic findings in cardiac tamponade

2D M-mode Inferior vena cava dilatation >2.1 cm with <50% collapse with inspiration
echocardiography Right atrium diastolic collapse
Right ventricular diastolic collapse
Increased right ventricular and decreased left ventricular dimensions with
inspiration
Septal bounce
Swinging of the heart

Doppler Decreased left ventricular outflow tract velocities and respiratory
variation

Decrease >30% of mitral peak E inflow velocity with inspiration
Decrease >60% of tricuspid peak E inflow velocity with expiration

Decrease in diastolic flow, in expiration absence of diastolic flow,
diastolic flow reversal, or absence of forwarding flow

Decrease >30% of mitral peak E inflow velocity with inspiration

be present in other conditions that increase systemic venous pressure [16]. On M
mode, an increase in RV dimensions with a subsequent decrease in LV dimensions
during inspiration can be observed [17].

Chamber collapse observed on 2D echocardiography is usually the result of the
intrapericardial pressure being higher than the intracardiac pressure and lasts until
the pressures are reversed again. Diastolic right atrial (RA) collapse is assessed in
cardiac tamponade starting at the peak for the R wave. When the RA collapse lasts
more than one-third of the cardiac cycle (right atrial time index >0.34; right atrial
time index = # of frames with RA collapse/# of frames in duration of cardiac cycle)
, it has a sensitivity of up to 94% and a specificity and positive predictive value of
100% [18, 19]. Another study showed a much lower sensitivity of 68%, a specificity
of 66%, and a positive predictive value of 52% [20].

RV diastolic collapse (Fig. 7.3) is usually observed at the end of the T wave and
is present when there has been a decrease of 20% in cardiac output without hypo-
tension [21]. It can have a sensitivity of 92% and specificity and positive predictive
value of 100% [22]. The severity of the cardiac tamponade is related to the length
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of RV collapse during the cardiac cycle [23]. Another study showed a much lower
sensitivity of 60%, specificity of 90%, and positive predictive value of 77%. The
presence of collapse of both chambers had a sensitivity of 45%, specificity of 92%,
and positive predictive value of 74% [20].

Hemodynamic changes to respiratory patterns can be observed in Doppler echo-
cardiography. As a result of decreased cardiac output, there are decreased flow
velocities through the left ventricular outflow tract, as well as a decrease in veloci-
ties with inspiration. Reflecting decreased LV filling, there is a decrease in mitral
peak E inflow velocity during inspiration, with the lowest value being on the initial
beat of inspiration (mitral peak E velocity is highest during expiration). A decrease
in mitral peak E inflow velocity during inspiration of more than 30% is usually
considered diagnostic (Fig. 7.4).

In the tricuspid valve, the exact opposite changes occur given the increased flow;
with expiration there is a decrease of tricuspid peak E inflow velocity, with the low-
est being the initial beat during expiration (tricuspid peak E velocity is highest dur-
ing inspiration). A decrease in tricuspid peak E inflow velocity during expiration of

Fig.7.3 (a) M mode is showing right ventricular diastolic collapse marked with an asterisk; notice
the RV is nearly touching the interventricular septum during mitral valve opening. (b) 2D echocar-
diogram showing RV collapsed during diastole

Fig. 7.4 Pulsed wave
Doppler show there is a
decrease in the mitral peak E
inflow velocity during
inspiration greater than 30%
when compared to expiration
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>60% (it will be a negative value) is suggestive of cardiac tamponade. Both values
are calculated: (expiration-inspiration)/expiration. It is important to take into con-
sideration that these findings by themselves do not confirm the diagnosis of cardiac
tamponade and additional parameters need to be analyzed [19, 20, 24, 25].

Hepatic vein Doppler velocities also provide clues suggesting the presence of
cardiac tamponade; velocities are lower in the 2040 cm/s range. There is a predom-
inance of systolic flow over diastolic flow; with expiration there can be the absence
of diastolic flow, diastolic flow reversal, or no forward flow in advanced tamponade.
The presence of hepatic flow changes has a sensitivity of 75%, specificity of 91%),
and positive predictive value of 82% [19, 20, 26].

7.5.5 Computed Tomography

Computed tomography is not the initial diagnostic tool to evaluate pericardial tam-
ponade. However it’s a commonly performed test which can provide valuable infor-
mation. Real-time cine cardiac CT can show similar findings as echocardiography,
such as chamber collapse and septal bounce. Additionally, it can help delineate the
anatomy in pericardiocentesis, identify loculated effusions, and assess the presence
of compressive hematoma or calcified pericardium [27]. Findings on non-cardiac
CT that can be seen in cardiac tamponade include increased diameter of the vena
cava compared to the aorta and reflux of contrast into the inferior vena cava and
hepatic veins [28]. However, these findings can be seen in pathologies that increase
the right ventricular pressure and are not specific for cardiac tamponade.

7.5.6 Differential Diagnosis

During the initial presentation in the ER, the differential diagnosis can be wide; it
includes conditions that increase right-sided pressures resulting in elevated JVP and
may produce hypotension conditions which should include heart failure, pulmonary
embolism, constrictive pericarditis, large pleural effusions impairing cardiac filling,
mediastinal hematomas impairing cardiac filling, and advanced cirrhosis.

7.6 Treatment

7.6.1 Medical Management

If there is evidence of cardiac tamponade, medical management has a limited role in the
treatment of cardiac tamponade. While a patient is awaiting pericardiocentesis, intrave-
nous fluids are commonly given to expanding right-side chambers. However, there is
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evidence that overhydration in these patients may be harmful. Fluid resuscitation with
250 ml up to 500 ml produced an increase in cardiac output, cardiac index, and systolic
blood pressure; with higher intracardiac pressures, elevated heart rates, lower systolic
blood pressure, and cardiac index as predictors of a >15% increase in CI as a response
to fluid administration. After the 500 ml cutoff, pulmonary capillary wedge pressure,
pulmonary pressure, right atrial pressure, and intrapericardial pressure continue to rise,
decreasing cardiac output and resulting in pulmonary edema [29]. Therefore, if fluid
administration is planned, it should be performed in a judicious manner.

7.6.2 Pericardiocentesis

The presence of pericardial effusion producing cardiac tamponade physiology usu-
ally warrants drainage of the pericardial effusion via pericardiocentesis or a surgical
approach. Pericardiocentesis may be a better option in emergent cases, as it can
be performed with fewer delays and can also be performed at bedside if needed.
An exception is a hemopericardium secondary to myocardial rupture from myocar-
dial infarction and secondary to type A aortic dissection, where pericardiocentesis
should not delay surgical treatment. In these cases, there is a concern that perform-
ing pericardiocentesis can worsen the patient’s condition by elevating blood pres-
sure, worsening aortic tear, and increasing the gradient between the false lumen
and pericardial effusion, thus increasing the size of the effusion [30]. However, in
patients with type A aortic dissection, it has been shown that removal of a small
amount of fluid (average fluid removal 40 cc) can help stabilize patients awaiting
surgery [31]. In patients with cardiogenic shock, pericardiocentesis should be per-
formed urgently. Patients with chest trauma, purulent pericarditis, loculated effu-
sions, and iatrogenic effusions with uncontrollable bleeding should also generally
be drained via a surgical approach. In stable patients with a diagnosis of cardiac
tamponade, timing of drainage may be an element of the debate. There are scoring
systems to help guide decision-making of when to perform pericardiocentesis. The
European Society of Cardiology published a triage strategy to aid the timing of peri-
cardiocentesis, where a score > 6 warrants urgent pericardiocentesis and a score < 6
pericardiocentesis can be delayed for up to 12/48 hours (Fig. 7.5).

There are several approaches to perform pericardiocentesis, and the decision
on which one to use should be made depending on the location of the effusion as
seen on echocardiography or computed tomography. The three main approaches
used are left apical, subxiphoid, and left parasternal. In general, it is recommended
to perform pericardiocentesis guided by echocardiography, as it has been shown
to be successful with a relatively low risk of complications [32]. Fluoroscopy has
been used for many years to guide pericardiocentesis, with the subxiphoid approach
being more common during this modality. It is commonly used when pericardial
tamponade develops during cardiac procedures. Although not readily available in
all hospitals, CT-guided pericardiocentesis can be a useful tool, especially when
echocardiographic windows are suboptimal [33]. The technical aspects of pericar-
diocentesis are detailed in the procedures chapter.
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Evidence of cardiac tamponade

Malignant disease

Tuberculosis

Recent radiotherapy

Recent viral infection

Recurrent PE, previous pericardiocentesis
Chronic terminal renal failure
Immunodeficiency or immunosuppression
Hypo- or hyperthyroidism

Systemic autoimmune disease

Step 1
Score the aetiology
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. Dyspnea/Tachypnea
. Orthopnea (No rales on lung auscultation)
. Hypotension (SBP <95 mmHg)
. Progressive sinus tachycardia (in the
absence of medications afecting HR,
Step 2 hypothyreosis and uremia)
Score the clinical . Oliguria
presentation b Pulgus paradoxus >‘10 mmHg
. Pericardial chest pain
. Pericardial friction rub
. Rapid worsening of symptoms
. Slow evolution of the disease

Cardiomegaly on chest x-ray

Electrical alternans on ECG
Microvoltage in ECG

Circumferential PE (>2 cm in diastole)
Moderate PE (1-2 cm diastole)

Small PE (<1 cm in diastole), no trauma
Right atrial collapse > 1/3 of cardiac cycle
IVC >2.5 cm, <50% inspiratory collapse
Right ventricular collapse

. Left ventricular collapse

. Mitral/tricuspid respiratory flow variations
. Swinging heart
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Step 3
Score the imaging

S appool =
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2
3.
4.
5.
[
7.
8.
9.

Urgent surgical management
(regardless of the score)

Calculate the . Type A aortic dissection
P . Ventricular free wall rupture after acute
cumulative score

myocardial infarction

(sum of scores from steps 1+2+3) . Severe recent chest trauma

. latrogenic haemoperacardium when the
bleeding cannot be controlled percutaneously

Urgent pericardiocentesis Pericardiocentesis
(immediately after can be postponed
contraindications are ruled out) (for up to 12/48h)

Fig. 7.5 Algorithm by the European Society of Cardiology to aid decision-making regarding the
timing of pericardial drainage
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Table 7.6 ESC recommendations for the diagnosis and treatment of cardiac tamponade [34]

Recommendations COR | LOE

In a patient with clinical suspicion of cardiac tamponade, echocardiography is I C
recommended as the first imaging technique to evaluate the size, location, and
degree of hemodynamic impact of the pericardial effusion

Urgent pericardiocentesis or cardiac surgery is recommended to treat cardiac I C
tamponade

Judicious clinical evaluation including echocardiographic findings is recommended | I C
to guide the timing of pericardiocentesis

A triage system may be considered to guide the timing of pericardiocentesis b |C
Vasodilators and diuretics are not recommended in the presence of cardiac m | C

tamponade

ESC European Society of Cardiology, COR a class of recommendation; LOE level of evidence

Table 7.6 summarizes the most important recommendations on the diagnosis and
treatment of cardiac tamponade, according to the ESC.

7.7 Additional Clinical Practice Takeaways

e The diagnosis of cardiac tamponade is a clinical one.

e The most common causes are malignancy, iatrogenic, and post-cardiac surgery.

e The presence of a pulsus paradoxus >10 mmHg is suggestive of cardiac
tamponade.

e Echocardiographic finding suggestive of cardiac tamponade include dilated and
not collapsible IVC, right chamber collapse, mitral peak E velocity during inspi-
ration with a >30% decrease when compared to expiration, tricuspid peak E
velocity during expiration with a >60% decrease when compared to inspiration,
hepatic systolic flow reversal, septal flattening, and swinging of the heart.

e Pericardial drainage either by pericardiocentesis or surgical is generally the treat-
ment; hemodynamic status and etiology guide the urgency of the procedure.
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