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Cardiac Tamponade, Constrictive
Pericarditis, and Restrictive

Cardiomyopathy

James A. Goldstein, M.D.*

The pericardium envelopes the cardiac chambers
and under physiological conditions exerts subtle
functions, including mechanical effects that enhance
normal ventricular interactions that contribute to
balancing left and right cardiac outputs. Because the
pericardium is non-compliant, conditions that cause
intrapericardial crowding elevate intrapericardial
pressure, which may be the mediator of adverse
cardiac compressive effects. Elevated intrapericar-
dial pressure may result from primary disease of the
pericardium itself (tamponade or constriction) or
from abrupt chamber dilatation (eg, right ventricu-
lar infarction). Regardless of the mechanism leading
to increased intrapericardial pressure, the resultant
pericardial constraint exerts adverse effects on car-
diac filling and output. Constriction and restrictive
cardiomyopathy share common pathophysiological
and clinical features; their differentiation can be
quite challenging. This review will consider the
physiology of the normal pericardium and its dy-
namic interactions with the heart and review in
detail the pathophysiology and clinical manifesta-
tions of cardiac tamponade, constrictive pericarditis,
and restrictive cardiomyopathy. (Curr Probl Cardiol
2004;29:503-67.)
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ericardial Anatomy

T he pericardium is a bilayered, flask-shaped sac structured of an
inner visceral layer made up of a thin elastic membrane of
mesothelial cells and a thick, stiff outer parietal layer consisting

redominantly of collagen and elastic fibers.1-3 Between the two pericar-
ial layers is a potential “space” that normally contains a small (approx-
mately 20 ml) amount of pericardial fluid which physiologically resem-
les an ultrafiltrate of plasma. The pericardium envelops the cardiac
hambers but does not directly attach to them at any point (Fig 1).4

nstead, at the base of the heart, the serous pericardium reflects up and
round the great vessels, forming the pericardial sinuses and recesses. The
ericardium is in the shape of an inverted U and the cul-de-sac enclosed
etween the limbs of the U lies behind the left atrium and is known as the
blique sinus. The passage between the venous and arterial mesocardia,
hat is, that between the aorta and pulmonary trunk anteriorly and the atria
osteriorly, is the transverse sinus. The upper recess, the transverse sinus,
s a small tubular recess reflecting the pericardial outpouchings necessary
o allow entrance of the superior vena cava and exit from the pericardium
f the pulmonary trunk and aorta. The oblique sinus is a larger pericardial
utpouching in which the pericardium splits to permit passage of the four
ulmonary veins and the vena cavae. It is noteworthy that the left atrium
LA) is not entirely an “intrapericardial” structure. The pericardium has
mportant ligamentous attachments to surrounding thoracic structures.
he external fibrous layer of the pericardium is anchored to the dia-
hragm by the pericardiophrenic ligament and to the sternum by the
ariable sternopericardial ligaments. Posteriorly, the fibrous pericardium
s bound by loose connective tissue to the structures of the posterior
ediastinum. These connections provide structural support for the heart
ithin the thoracic cage and thereby limit excessive cardiac motion,
articularly with changes in body position. The main arterial supply of the
ericardium is the pericardiophrenic artery, a branch of the internal
horacic artery. Venous drainage occurs by way of pericardiophrenic
eins which are tributaries of the brachiocephalic veins. Sensory enerva-
ion is provided by the phrenic nerves with vasomotor enervation from the
ympathetic trunks.

ericardial Functions
Although an intact pericardium is not critical to maintenance of

ardiovascular function (as evidenced by the innocent effects of incision
nd subsequent lack of pericardial closure after surgery), potentially
04 Curr Probl Cardiol, September 2004
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mportant subsidiary functions have been attributed to the pericardium.1-4

hese include (a) limitation of intrathoracic cardiac motion; (b) balancing
ight and left ventricular output through diastolic and systolic interac-
ions; (c) buffering of positional changes in chamber filling and therefore
utput; (d) suction filling; (e) limitation of acute dilatation; (f) lubricant
ffects that minimize friction between cardiac chambers and surrounding
tructures, and (g) lymphatic/immunological functions, mediated in part
hrough anatomic barriers that help prevent spread of infection from
ontiguous structures, especially the lung.

ompliance Properties of the Normal Pericardium
The most important physiological role of the pericardium relates to its
echanical interactions with the cardiac chambers it encompasses.
levated intrapericardial pressure (IPP) is the mechanism by which the

IG 1. A diagram of the long axis of the heart at right angles to the outlets shows the
rrangement of the pericardium. The outer fibrous sack is firmly attached to the great arteries
nd veins at the base. The heart itself invaginates a second sack, the serous pericardium. The

wo layers of this serous membrane, however, are densely adherent to other structures. The
nner layer (visceral) is attached to the surface of the myocardium as the epicardium. The outer
ayer (parietal) is attached to the fibrous pericardium. Effectively the pericardial cavity is located
etween the tough fibrous layer and the surface of the heart. Within this cavity are two recesses:

ransverse and oblique sinuses. As shown in the diagram, the transverse sinus is in the inner
eart curvature while the oblique sinus is behind the diaphragmatic aspect of the left atrium,
imited by the attachments of the pulmonary veins. Hurst JW. Anatomy of the normal heart and
ts response to disease. In: Atlas of the Heart. Hagerstown, MD: Lippincott, 1998:Part I:1.2.
urr Probl Cardiol, September 2004 505
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ericardium exerts adverse pathophysiological effects. Therefore, an
ppreciation of the normal physiologic effects of the pericardium on
ardiac chamber compliance is essential to understanding its influence
nder pathophysiologic conditions.
The pericardium must accommodate the cardiac chambers and has a

mall capacitance reserve volume that allows for a modest amount of
hamber dilatation. Under physiologic conditions the pericardium be-
aves as a relatively fixed and inelastic sac exhibiting stiff non-compliant
ressure–volume characteristics.2,4-8 The normal pericardium has a small
apacitance reserve (150-250 ml) whereby initial increments in intraperi-
ardial volume results in trivial increases in IPP. However, owing to the
nelastic nature of the fibrous parietal layer, acutely the pericardial sac is
tiff and non-compliant and once this capacitance has been exceeded,
urther increases in intrapericardial volume result in steep increments in
PP. The compliance characteristics of the pericardium are an aggregate
eflection of the intrinsic compliance of the pericardial layers (predomi-
antly the stiff parietal layer), the volume of the pericardial space itself,
nd the combined volume of the cardiac chambers contained within the
ericardium. Therefore, IPP reflects the total intrapericardial volume
chamber volumes plus fluid, clots, or masses in the intracardial space)
elative to the compliance of the pericardial layers.
Normally, IPP closely tracks intrapleural and right atrial (RA) pressure.
he pericardium acts as a hydrostatic system, equally distributing
ydrostatic forces over the surface of the cardiac chambers; this favors
quality of end diastolic transmural pressures throughout the ventricles
nd therefore uniform stretch of muscle fibers (thereby tending to balance
reload), which permits the Frank–Starling mechanism to operate uni-
ormly at all intraventricular pressures.5,6 The presence of the pericardium
lso constantly compensates for changes in inertial and gravitational
orces by distributing them evenly around the heart providing a mutually
estrictive interpericardial chamber which favors balanced output from
oth ventricles when this is integrated over several cardiac cycles.
The parietal pericardium makes potentially important contributions to
entricular interactions. It may be speculated that the presence of the
arietal pericardium helps maintain a functionally optimal cardiac shape,
ince after pericardiectomy the heart tends to be more spherical.
Even in the absence of the pericardium, pressure or volume overload of
ne ventricle influences the compliance and filling of the contralateral
hamber via septal mediated diastolic interactions.1,6-8 The normal peri-
ardium is less compliant than the myocardium and limits cardiac
istention, thereby more tightly coupling the ventricles and enhancing
06 Curr Probl Cardiol, September 2004
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uch interactions. A major function of Starling’s law is to maintain nearly
qual time-averaged outputs from the right and left ventricles to keep a
roper volume equilibrium between the pulmonary and systemic circu-
ations. The pericardium by influencing the effects of diastolic pressure
nd dimensions between the ventricles may facilitate balancing right and
eft ventricular output.1 Even under physiologic conditions, intact peri-
ardium influences chamber interactions and increased chamber volumes
ay contribute to diastolic non-compliance. In experimental animal
odels, after removal of the pericardium, the ventricular pressure volume

urves shift to the right reflecting increased compliance.7 However, with
he pericardium intact, the curve shifts to the left whereby, although
ressure changes at the beginning of any increase in pericardial fluid tend
o be small (unless the rate of increase is rapid) as the result of the
ericardial reserve volume that is provided by the normal slight slackness
f the membrane and its major pericardial sinuses, once this reserve
olume has been met pressure begins to rise quite rapidly. However, the
ncrease in pericardial contents that produces steep rises in intrapericar-
ial pressure applies to acute and relatively acute changes only. As the
eart size increases over a long period, the corresponding slow increase
n pericardial size is effected by gradual stretch and subsequent pericar-
ial hypertrophy.1,2,4-8

athophysiology of Elevated Intrapericardial
ressure
Elevation of IPP may result from primary disease of the pericardium

tself, either secondary to accumulation of fluid within the pericardium
effusion resulting in tamponade) or increased stiffness of the pericardial
ayers (constrictive pericarditis). However, any factor that stresses intra-
ericardial volume, whether that results from fluid accumulation within
he pericardial sac (effusion) or acute chamber dilatation (eg, acute left
entricular (LV) dilatation secondary to mitral regurgitation, or right
entricular (RV) dilatation secondary to RV infarction), will result in an
ncrease in IPP, depending on the compliance characteristics of the
ericardial layers.9-12

Regardless of whether increased intrapericardial volume results from
ffusion or acute chamber dilatation, the magnitude of IPP elevation will
e influenced by several common factors, the most important of which are
he extent of intrapericardial volume “overload” and the rapidity with
hich it develops (Fig 2). In experimental animals, effusion of 200-300
l of saline into the pericardium exceeds its reserve capacitance volume,

eyond which further instillation of intrapericardial fluid results in rapid
urr Probl Cardiol, September 2004 507
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nd striking increases in IPP. Similarly, in man sudden accumulation of
odest amounts of pericardial fluid (eg, coronary or ventricular perfora-

ions) or abrupt severe chamber dilatation (eg, RV infarction) result in
arked increases in IPP that can result in acute compressive hemody-

amic effects. However, given time the pericardium is compliant and can
tretch to accommodate even large increases in its contents (whether from
hamber dilatation or pericardial fluid) with no significant increase in
PP.2-8 Nevertheless, even with chronic effusions (but not chamber
ilatation), a point is reached at which the pericardium meets the limit of
ts unstressed capacitance, whereupon the pericardium operates on a steep
egment of its pressure volume curve, at which time even small additional
ncrements in intrapericardial volume result in sharp increases in IPP with
evere and often precipitous hemodynamic consequences. Elevated IPP,
hether from effusion or abrupt chamber dilatation, exerts adverse
emodynamic effects by limiting chamber filling through compressive

IG 2. Pericardial pressure–volume (or strain–stress) curves are shown in which the volume
ncreases slowly or rapidly over time. In the left-hand panel, rapidly increasing pericardial fluid
rst reaches the limit of the pericardial reserve volume (the initial flat segment) and then quickly
xceeds the limit of parietal pericardial stretch, causing a steep rise in pressure, which becomes
ven steeper as smaller increments in fluid cause a disproportionate increase in pericardial
ressure. In the right-hand panel, a slower rate of pericardial filling takes longer to exceed the

imit of pericardial stretch, because there is more time for the pericardium to stretch and for
ompensatory mechanisms to become activated. Spodick DH. Acute cardiac tamponade.

Engl J Med 2003;349:684-90.
08 Curr Probl Cardiol, September 2004
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ffects (disproportionately on the right heart), whereby external pressures
ictate that whatever filling can be achieved must occur at elevated
ressures, resulting in backward (diastolic) failure and preload reductions
hat limit forward output (systolic limitations).

ertinent Aspects of Atrial Waveforms, Venous
low Patterns, and Normal Respiratory Physiology
An appreciation of atrial waveform hemodynamics, the physiology of

he venous circulations, and the dynamic effects of intrathoracic pressure
ITP) and respiratory motion on cardiovascular physiology is critical to
nderstanding pericardial pathophysiology. Analysis of the atrial wave-
orms yields insight into cardiac chamber and pericardial compliance.12,13

he atrial waveforms are constituted by two positive waves (A and V
eaks) and two collapsing waves (X and Y descents) (Fig 3). The atrial

IG 3. Mechanics of atrial wave forms. Kalmanson D, Veyrat C, Chiche P. Atrial versus
entricular contribution in determining systolic venous return. A new approach to an old riddle.
ardiovasc Res 1971:(3)293-302.
urr Probl Cardiol, September 2004 509
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wave is generated by atrial systole following the P wave on ECG. Atrial
echanics behave similar to ventricular muscle; thus the strength of atrial

ontraction is reflected in the rapidity of the A wave upstroke and peak
mplitude. The X descent follows the A wave and is generated by two
vents: the initial decline in pressure reflects active atrial relaxation,
hereas the latter descent component reflects pericardial emptying during
entricular systole (systolic intrapericardial depressurization, which is
xaggerated in conditions of pericardial crowding, for the only point in
he cardiac cycle in which there is “pericardial room” is when the
entricles are maximally emptied and therefore pericardial volume and
PP are at their nadir). During ventricular systole, venous return results in
trial filling and increments in pressure, which peak with the V wave,
hose height reflects atrial pressure–volume compliance characteristics.
he subsequent diastolic Y descent represents atrial emptying and
epressurization; the steepness of the Y descent is influenced by the
olume and pressure in the atrium just prior to AV valve opening (height
f the V wave) and resistance to atrial emptying (AV valve resistance and
entricular–pericardial compliance).
Venous return to both atria is inversely proportional to the instantaneous

trial pressure, which is itself dependent on atrial compliance.12,13 Normal
PP is subatmospheric, nearly equal to intrapleural pressure, and de-
reases during inspiration. Intrapericardial pressure also tracks RA
ressure and shows fluctuations that are associated with cardiac cycle. In
eneral, the intrapericardial pressure increases when cardiac volume is
reater and decreases when intracardiac volume decreases.1 Under
hysiological conditions, venous return to both atria is biphasic, with a
ystolic peak determined by atrial relaxation (corresponding to the “X”
escent of the atrial and jugular venous pressure (JVP) waveforms) and a
iastolic peak determined by tricuspid valve (TV) resistance and RV
ompliance (corresponding to the “Y” descent of the atrial and JVP
aveforms).
Intrapericardial pressure both approximates and varies with pleural
ressure. The inspiratory decrement in pleural pressure normally reduces
ericardial, RA, RV, wedge, and systemic arterial pressures slightly.
owever, IPP decreases somewhat more than right atrial pressure,

hereby augmenting right heart filling and output.14-18 Under physiologic
onditions, respiratory oscillations exert profound and complex effects on
ardiac filling and dynamics. However, the effects on the right and the left
eart are disparate, owing to differences in the anatomic relationships of
he respective venous return systems to the intrapleural space (Fig 4).15,16

he entire left heart and its tributary pulmonary veins are entirely
10 Curr Probl Cardiol, September 2004
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ntrathoracic. In contrast, although both right heart chambers are intratho-
acic, the tributary systemic venous system is extrapleural. Normally,
nspiration induced decrements in intrathoracic pressure are transmitted
hrough the pericardium to the cardiac chambers. On the right heart, these
ecrements in ITP enhance the filling gradient from the extrathoracic
ystemic veins to right atrium, thereby enhancing the caval RA gradient
nd augmenting venous return flow by 50-60%, which increases right
eart filling and output. Since pleural pressure changes are evenly
istributed to the left heart and pulmonary veins, the pressure gradient
rom the pulmonary veins to the left ventricle shows minimal change with
espiration; therefore early diastolic transmitral filling pressure as well as

IG 4. The top half of the figure represents the normal situation where changes in intrathoracic
ressure are transmitted to both the pericardial sac and the pulmonary veins. The effective filling
radient (EFG) changes only slightly during respiration. The bottom half of the figure represents
ardiac tamponade where changes in intrathoracic pressure are transmitted to the pulmonary
eins but not to the pericardial sac. The EFG falls during inspiration. Abbreviations: Insp,
nspiration; PC, pulmonary capillaries; PV, pulmonary veins; LA, left atrium; LV, left ventricle.
unnell IL, Holand JF, Griffith GT, Greene DG. Hemodynamics during induced cardiac

amponade in man. Am J Med 1960;25:640-6.
urr Probl Cardiol, September 2004 511
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V filling are essentially unchanged throughout the respiratory cycle.
owever, left heart filling, stroke volume, and aortic systolic pressure
ormally decrease with inspiration (up to 10-12 mmHg), a phenomenon
ermed (normal) pulsus paradoxus or paradoxical pulse. The mechanisms
esponsible for this normal inspiratory oscillation in aortic pressure
nclude ventricular competition for intrapericardial volume related to
eftward septal displacement induced by augmented right heart filling,
ncreased LV “afterload” imposed by the differential effects of decrease
TP on the heart relative to the extra-thoracic great vessels, and inspira-
ory delay of augmented RV output through the lungs.14-18

maging of the Pericardium
Echocardiography is the imaging modality most often used for the

nitial evaluation of pericardial disease, especially in patients suspected of
ffusion and tamponade. Although an excellent tool for delineation of
hamber and valve structure and function as well as the presence of
ffusion, restricted acoustic window limits the usefulness of this modality
or imaging of the entire pericardium. Echocardiography may be partic-
larly limited with respect to delineation of pericardial thickness, locu-
ated or eccentric effusions, and regional hematomas. Transesophageal
cho imaging allows better visualization of the pericardium, and respira-
ion-correlated Doppler techniques are particularly useful in the diagnosis
f constrictive physiology. However, because of a narrow field of view,
ven transesophageal echo is limited in evaluation of pericardial thick-
ess.
Computed tomography (CT) and magnetic resonance (MR) imaging
ffer distinct advantages in imaging the pericardium.19 Both modalities
rovide a larger field of view than echo, thus allowing examination of the
ntire chest and detection of associated abnormalities in the mediastinum
nd lungs. CT and MR imaging provide excellent anatomic delineation
nd precise localization of pericardial abnormalities. An advantage of CT
ver other modalities is the ability to detect pericardial calcification, a
nding indicative of constrictive pericarditis in patients with constrictive
r restrictive physiologic features. Disadvantages of CT include use of
ntravenous iodinated contrast and ionizing radiation. Also, in some cases,
T may have difficulty differentiating pericardial fluid from thickened
ericardial tissue. MR imaging provides comprehensive images of the
ericardium without the use of iodinated contrast or radiation. MR is also
uperior to both CT and echocardiography with respect to its ability to
haracterize pericardial effusions and pericardial masses. Therefore, CT
r MR imaging should be used when findings at echo are non-diagnostic
12 Curr Probl Cardiol, September 2004
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r difficult to interpret, particularly when searching for or interrogating
oculated or hemorrhagic pericardial effusions and assessing pericardial
hickness.19

ardiac Tamponade
Cardiac tamponade is a life-threatening hemodynamic condition result-

ng from pericardial effusions that increase IPP sufficiently to externally
ompress and restrict cardiac chamber filling, constrain cardiac output,
nd induce backward failure. Pericardial effusion may be a result of
nfection, inflammation, neoplasms, metabolic disorders, and anatomic
eaks due to perforations. The most common causes include effusions
econdary to neoplasm, idiopathic pericarditis, acute myocardial infarc-
ion (pericarditis and/or cardiac rupture), catheter- or pacemaker-induced

yocardial perforation of the right atrium or ventricle, coronary perfo-
ations after percutaneous interventions, and cardiac surgery. Importantly,
n the present era pericardial fluid accumulating with peri-infarction
ericarditis and after surgical pericardiotomy may be influenced by the
resence of anticoagulants (heparin, coumadin, and anti-platelet agents)
hich may both exacerbate the volume of accumulation and result in

ransformation of serous/serosanguinous effusions into frankly bloody
ffusions and intrapericardial hematoma.

athophysiology of Cardiac Tamponade
Hemodynamic consequences reflect the volume of the effusion, rapidity
f its accumulation compliance of the pericardium and myocardium,
ardiac compensatory mechanisms (contractility and heart rate), and total
lood volume.3,20-23 The pericardium behaves acutely as a stiff, noncom-
liant shell. As pericardial fluid accumulates, there is an initial gradual
ise until pericardial reserve volume is reached, at which point there is a
harp increase in the slope of pressure rise attributable to the stiff parietal
ayer; the slope is even sharper if pericardial layers are abnormal because
f inflammation or fibrosis. For any magnitude of effusion, the interval
ver which it accumulates is a critical determinant of hemodynamic
mpairment (Fig 2). Thus, acutely developing effusions of even 300 to
00 ml (eg, related to pacemaker-induced chamber perforation) can
bruptly elevate IPP and induce tamponade. However, given time, the
ericardium can stretch and exhibit compliance. Accordingly, slow
ccumulation of fluid (even in amounts greater than 1 L associated with
eoplasms) may be tolerated with little or no hemodynamic compromise.
t some point, however, even chronic effusions can accumulate suffi-
urr Probl Cardiol, September 2004 513
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iently to encroach on the limits of pericardial compliance. Then, even
mall increments in intrapericardial volume sharply increase IPP and
ompromise hemodynamics.
Increased IPP acts as an external resistance to filling of the cardiac

hambers. As IPP increases beyond 8-10 mmHg, thus exceeding normal
lling pressure, the ventricles are deprived of preload, thereby limiting
hamber filling and cardiac output.20-30 Hemodynamically significant
ffusions compress the cardiac chambers, particularly the thinner more
ompliant right heart chambers, throughout diastole. As the ventricles
egin to relax at the end of systole, they are initially constrained by the
levated IPP, with further increases in restraint as pericardial volume is
ncreased by progressive ventricular filling, resulting in a pattern of
rogressive pandiastolic resistance. Although chamber volumes are mark-
dly decreased, evident by echocardiography as diminished chamber
olumes with chamber compression (Fig 5), filling pressures are mark-
dly increased, reflecting not only the actual transmural distending
ressure within the ventricle but also the external resistance of the
ericardium.26 As IPP increases, venous pressure is increased to maintain
ardiac filling and prevent collapse of the cardiac chambers. Although the

IG 5. Two-dimensional echo subcostal view of patient in tamponade due to large pericardial
ffusion (PE) compressing the right atrium (RA, single arrow) as well as the RV free wall (double
hite arrows). The RV cavity has minimal preload (dark arrow) as does the left ventricle (LV).
14 Curr Probl Cardiol, September 2004
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easured filling pressures by physical exam and invasive hemodynamic
ssessment reveal increased filling pressures, echocardiography demon-
trates that chamber volumes are remarkably reduced. This disparity
etween measured filling pressure and true preload or distending (trans-
ural) pressure is a reflection of the fact that fluid-filled catheters
easure pressure, not volume. Measured pressure reflects the actual

olume exerting transmural descending pressure plus the IPP and also the
ffect of chamber and compliance itself. Thus in any cardiac condition,
he actual measured filling pressure only reflects true preload assuming
hat chamber compliance, the pericardial space, and the pericardial layers
re otherwise normal. For example, if effusion has elevated IPP to 15
mHg and the estimated JVP or measured RA pressure is 17 mmHg, the

rue distending or transmural filling pressure is only 2 mmHg, reflecting
he hypovolemic predicament of the cardiac chambers despite elevated
eck veins.

emodynamics of Cardiac Tamponade
These hemodynamic effects are reflected as elevated RA pressure with
prominent systolic X descent and a blunted diastolic Y descent (Fig 6).
his pattern is due to rapid filling of the right atrium from a high-pressure
enous system during ventricular systole, when there is “spare room” in
he intrapericardial space, and to restricted filling of the ventricles during
iastole owing to the compressive effects of elevated IPP.20,23,24,30 The Y
escent is blunted reflecting impaired emptying of the right atrium
ttributable to the pandiastolic resistance to RV filling; the RA A-wave is
ugmented reflecting enhanced atrial contraction into the stiff non-
ompliant right ventricle. The prominent X descent can be considered as
wo components, a sharp early X descent reflecting enhanced atrial
elaxation associated with augmented atrial contraction, with the latter
ortion of the X descent sharp as well reflecting systolic intrapericardial
epressurization as the ventricles empty during systole, thereby reducing
ntrapericardial volume; in fact, the sharp latter portion of the X descent
eflects that this is the only period in which the pericardium is “relatively”
mpty and at time of which atrial filling has its best chance to be
ccommodated within the crowded pericardium.
The intracardiac volumes are decreased on both sides of the heart but

he diastolic filling pressures are elevated and equalized throughout the
ardiac chambers, reflecting the common effects of the elevated IPP as
ell as intensification of ventricular interactions between right and left
eart. This equalization pattern may be altered if the effusion is loculated
r non-concentric and pericardial resistance not equally distributed to all
urr Probl Cardiol, September 2004 515
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ardiac chambers and by intrinsic cardiopulmonary disease in which the
A diastolic pressure is elevated out of proportion to the wedge pressure,
o doubt reflecting the patient’s lung disease and elevated pulmonary
esistance. Similarly, patients with intrinsic left ventricular disease may
uffer hemodynamic compromise from a pericardial effusion, though the
eft ventricular filling pressure is greater than that of the right heart
hambers. Owing to marked reductions in intracardiac preload, stroke
olume is reduced and ultimately results in elicitation of neurohormonal
ompensatory responses to maintain output and blood pressure through
ncreased sympathetic and catecholamine stimulation resulting in in-

IG 6. Hemodynamic record of a patient with cardiac tamponade before (A) and after (B)
emoval of 480 ml of pericardial fluid. Before pericardiocentesis, there is equal elevation of
ericardial (IPP) and right atrial (RA) pressures. Pulsus paradoxus (15 mmHg) is evident on the
emoral artery (FA) pressure tracing. Note the absent Y descent on the RA tracing. After removal
f pericardial fluid, pericardial and right atrial pressures decrease and the pulsus paradoxus
isappears. Pericardial pressure becomes subatmospheric with inspiration. Hoit BD. Pericardial
isease and pericardial heart disease. In: Stein’s Internal Medicine, 5th ed. St. Louis, MO:
osby, 1998:chapter 27.
16 Curr Probl Cardiol, September 2004
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reased contractility, tachycardia, and vasoconstriction. Most impor-
antly, sinus tachycardia reflects exhaustion of compensatory mechanisms
nd signals not only the presence of a hemodynamically important
ffusion, but may herald impending hemodynamic collapse.

ulsus Paradoxus in Cardiac Tamponade
In patients with cardiac tamponade, pulsus paradoxus, defined as an

nspiratory decrease in systolic blood pressure greater than 10 mmHg, is
characteristic finding and ominous sign of hemodynamic compromise.
his pathological paradoxical pulse is induced by complex respiratory
ffects on cardiac filling20,22-24,28-33 including opposite effects on the right
nd left hearts and intensification of ventricular interactions (Figs 4, 6).
nder conditions of hemodynamically significant effusion, the pericar-
ium is crowded and intrapericardial space is limited, with increased IPP
ightly coupling the two ventricles. Under these conditions, increased
lling on one side of the heart results in a concomitant decrement in
lling on the contralateral chamber. In patients with hemodynamically
ignificant effusions, the intracardiac and systemic venous pressures are
arkedly elevated but inspiratory augmentation of venous return is intact

nd is one major mechanism for pulsus paradoxus, as inspiratory preload
xpansion of the right heart competes for space in the crowded high-
ressure pericardium and thus compresses the left heart through ventric-
lar interaction across the septum. In tamponade the respiratory variation
n pulmonary wedge pressure is larger than that in IPP, resulting in
educed pulmonary wedge–pericardial pressure gradient with inspiration.
ince pericardial pressure approximates LV diastolic pressure in severe

amponade, inspiration thereby results in a larger decrement in wedge
ressure than LV pressure, reducing the gradient for LV filling. The result
s an inspiratory decrease in mitral valve flow and LV filling. Together
hese inspiratory effects result in reduced LV preload, stroke volume, and
ardiac output manifest as pulsus paradoxus.33 At moderate levels of
ardiac tamponade, these can be measured as a drop in aortic systolic
ressure of greater than 15 mm of mercury; in more end-stage hemody-
amic embarrassment, the pulse can be felt to disappear in muscular
rteries by palpation. It is important to consider the conditions that must
xist for pulsus paradoxus, including pericardial resistance that effects
oth ventricles and intact atrial and ventricular septa as well as sponta-
eous generation of negative intrathoracic pressure with respiration.
ccordingly, absence of these conditions such as may be seen in

symmetric tamponade (eg, loculated effusions or compressive hemato-
as), patients on mechanical ventilation, or those with atrial–ventricular
urr Probl Cardiol, September 2004 517
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eptal defects should not be expected to manifest paradoxical pulse
espite the presence of hemodynamically embarrassing infusions. It is
mportant to note that other mechanisms may contribute to paradoxical
ulse beyond intraventricular competition for preload, including inspira-
ory effects on pulmonary venous pooling and differential effects on LV
nd aortic pressure as may be seen in COPD. Therefore, paradoxical pulse
s not pathognomonic for cardiac tamponade, as other conditions may
esult in exaggerated respiratory oscillations, including intrapericardial
rowding due to RV infarction or massive pulmonary embolus, as well as
arked ITP swings associated with severe reactive airway disease and

ension pneumothorax. The phenomenon may be difficult to detect when
he patient is extremely tachycardiac, has an irregular rhythm such as
trial fibrillation, or is on a ventilator. (Fig 7)

linical Presentations
Pericardial effusion produces a continuum of pressure increments in the
ericardium and therefore a spectrum of hemodynamic and clinical
anifestations. It is important to note that a large pericardial effusion

oes not necessarily equate with hemodynamic significance and most
mportantly that even a relatively modest effusion by echo can result in
evere hemodynamic embarrassment, the actual impact of the pericardial

IG 7. Mechanism of pulsus paradoxus.
uid on intrapericardial pressure elevation being the key as one considers

18 Curr Probl Cardiol, September 2004
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he volume of pericardial fluid relative to the acuity of its development
nd its result in increased pericardial pressure. Thus it is critical that any
ffusion documented by echo be correlated with the clinical, echocardio-
raphic, and hemodynamic parameters to determine its hemodynamic
ignificance.
Hemodynamically significant effusion may present symptomatically as
yspnea, predominant right heart failure, unexplained sinus tachycardia,
nd hypotension or be detected as asymptomatic cardiomegaly or unsus-
ected effusion by ultrasound. With tamponade, a constellation of these
anifestations may be present. The most severe form presents as low

ardiac output hypotension with clear lungs and distended neck veins. On
hysical exam, the sine qua non of cardiac tamponade is elevation of JVP
ressure reflecting elevated right atrial pressure. Elevated IPP greater than
0 mmHg will be evident as increased JVP with a sharp X descent
reflecting systolic intrapericardial depressurization coincident with ven-
ricular emptying), but a blunted Y descent (reflecting pandiastolic
esistance to RV filling because of the resonant interplay of ventricular
lling in a confined space with external pressure transmitted to the atria
nd ventricle by the tense effusion). The waveforms are best delineated by
iming the most visually dramatic collapse of the JVP to the carotid
pstroke. Collapse that occurs coincident with the carotid upstroke is the
ystolic X descent. That following the carotid peak is the diastolic Y
escent. In patients in sinus rhythm who are breathing spontaneously,
athological pulsus paradoxus is evident, best measured by initially
etermining peak systolic pressure over several beats, then inflating
he blood pressure cuff to this level during quiet held expiration, and
hen slowly deflating the cuff with held full inspiration and defining
he systolic drop. Profound tamponade may result in palpable paradox,
vident by marked diminution or frank disappearance of the brachial
ulse with inspiration. Activation of cardiac compensatory mecha-
isms maintaining cardiac output and blood pressure becomes clini-
ally evident with evolving tamponade, most notably sinus tachycar-
ia and peripheral vasoconstriction. When these compensatory
echanisms can no longer sustain cardiac output, low output and

ypotension develop rapidly. Although cardiac tamponade elevates
lling pressures, cardiac volumes are reduced. Thus, the precordium is
uiet. Despite the fact that left and right heart falling pressures are
levated and equalized, the amount of fluid in the pulmonary veins is
odest. Accordingly, the lungs are typically clear despite sometimes

rofound dyspnea.
urr Probl Cardiol, September 2004 519
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on-Invasive Evaluation
The chest X-ray typically shows cardiomegaly, often with a “water
ottle shape.” Lung fields are characteristically oligemic. The ECG may
how diffuse low-voltage and nonspecific ST-T changes. Large effusions
esult in decreased voltage in the precordial leads and in the most severe
ases there may be electrical alternans with every other QRS complex
emonstrating beat-to-beat variations in R-wave height attributable to the
winging of the heart within a large and typically compromising effusion.

chocardiography of Effusions
Two-dimensional echocardiography is a crucial tool to detect pericardial

ffusions, establish its extent and location, assess hemodynamic significance,
nd guide therapeutic pericardiocentesis. It is important to emphasize that the
ere presence of an effusion even when large does not indicate hemody-

amic significance. Since the rapidity of pericardial fluid accumulation and
he compliance of the pericardium influence the pressure elevation for any
iven fluid volume, effusion volume alone does not determine hemodynamic
ignificance. Therefore, the presence of an effusion must be related to other
chocardiographic parameters of cardiac filling and transvalvular flow and
ust be correlated with the clinical features.
The earliest echocardiographic indicator of hemodynamic compromise

s right heart chamber diastolic compression, which may precede other
hanges such as pulsus paradoxus. The right heart chambers, because of
heir thinner and more compliant characteristics, will manifest the first
igns of hemodynamically significant effusion as evidenced by compres-
ion of these chambers in diastole when their filling volume is lowest and
herefore the effects of the external pericardial constraint are greatest.34-37

hese signs appear first as RV free wall collapse early in diastole,
eflecting the brief period when IPP is greater than RV transmural
istending pressure. This can be detected on echo as a flattening of the
ormally anteriorly oriented curvature of the free wall or as a frank
urvature reversal as the compression becomes more severe. Collapse of
he RA occurs in late diastole when this chamber is maximally emptied.
s IPP increases further, the chamber volumes on the right heart become
arkedly reduced and ultimately chamber volumes in the LA and LV will

lso be reduced. In certain cases the compressible left atrium may show
igns of collapse but the LV rarely does, since it is thicker walled and less
ompliant and will show signs of preload reduction but not frank free wall
ompression. In the most extreme cases of tamponade the heart will be
een swinging within the pericardial fluid on a beat-to-beat basis, a
20 Curr Probl Cardiol, September 2004
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nding which correlates with electrical alternans. Acutely, even relatively
odest volumes of effusion accumulating acutely may result in severe

iastolic chamber compression and hemodynamic embarrassment. Con-
ersely, even a very large effusion (great than 1 L) may accumulate over
ime and with stretching the pericardium can become compliant and
ccommodate such a large effusion without increments in intrapericardial
ressure; in such cases there will be a large effusion but no evidence of
hamber collapse.
Effusions may be both anterior and posterior in location. However, it is

mportant to emphasize that some effusions are loculated and therefore
ot free-flowing during pericardiocentesis. Furthermore, asymmetric
ffusions may develop, resulting in localized compressive effects. Also,
ffusions may reflect intrapericardial hematoma, with such clot either free
n the pericardial space or adherent to the epicardium which gave rise to
t from contained rupture of a chamber or coronary artery. Furthermore,
ot every echo free space around the heart necessarily represents a
ericardial effusion. Important differential diagnostic considerations in-
lude pleural effusion, dilated thoracic aorta, giant atrium or atrial
ppendage, or an enlarged coronary sinus. Pleural effusions, not an
nusual concomitant finding in cancer patients, are the most important to
ifferentiate. They may be large and unbounded and occupy the medias-
inum both laterally and posteriorly. Establishment that the effusion is
oth anterior and posterior to the pericardium (with the thoracic aorta in
etween as well) is most helpful in differentiation.
Doppler echocardiography has enhanced our understanding of the patho-
hysiology of hemodynamic compromise with cardiac tamponade and in
articular provided insights as to the mechanisms of pulsus paradoxus. In
amponade there is an inspiratory decrease in the pulmonary venous to LV
iastolic pressure which reduces transmitral Doppler flow, which also shifts
o increased filling during late diastole with greater dependence on atrial
ontractile contributions.32 Conversely there is a corresponding increase in
ricuspid valve flow and augmented right heart filling, which further com-
romises left heart filling through diastolic interactions mediated by the
eptum. Thus, in the presence of pericardial fluid, exaggerated respiratory
ariation in transvalvular flow is an important indicator of a hemodynami-
ally significant effusion. These flow variations correlate with pulsus para-
oxus and may precede chamber collapse.

nvasive Hemodynamic Evaluation
Before the wide availability of two-dimensional echocardiography,

nvasive hemodynamic evaluation was essential in assessing the hemo-
urr Probl Cardiol, September 2004 521
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ynamic significance of pericardial effusions. However, ultrasonography
as preempted the need for invasive hemodynamic assessment in most
atients. In compromised patients in whom echocardiography is defini-
ive, invasive studies before pericardiocentesis are unnecessary. Their
erformance may waste precious time in the case of a life-threatening
amponade. However, if the hemodynamic significance of large effusions
s not clear from physical examination and results of noninvasive studies
r when combined effusive and constrictive or restrictive physiology is
uspected, invasive hemodynamic assessments are often needed. The
emodynamic characteristics of tamponade have been discussed.

ssessment and Management of Pericardial
ffusions: Clinical Algorithms
Cardiac tamponade is a potentially life-threatening emergency that

esponds dramatically to properly performed and optimally timed peri-
ardial damage and decompensation. The most critical initial step in
anagement is establishing the magnitude of hemodynamic compromise

hrough integration of symptomatic manifestations, signs of physical
xamination, echocardiographic features, and hemodynamic characteris-
ics (Tables 1 and 2). Regardless of the circumstances, the hemodynamic
mpact of effusions can be categorized as follows.

A) Hemodynamically Unimportant Effusions
The earliest hemodynamic manifestation of elevated IPP is reflected in
A and JVP pressure. Therefore, if an effusion is present by ultrasound,

he key feature of physical exam is the presence or absence of JVP
levation (normal JVP �5-7 mmHg). Accordingly, in patients with a
emodynamically insignificant effusion, the neck veins will be flat, and
he blood pressure, heart rate, and respiratory rate are normal; clinical
tigmata of impaired perfusion are absent as is dyspnea. On ultrasound the
ffusion could in fact be large, but there will be no evidence of chamber
ompression nor exaggerated respiratory variation in transvalvular flows.

ABLE 1. Hemodynamic Characteristics of Cardiac Tamponade

Pandiastolic resistance to RV filling
Elevated RAP with prominent “X” but blunted “Y” descent
Equalization of diastolic pressures
Intracardiac volumes decreased
IVC, RA, RV compressed on echo
SV and CO are 2, SRV and HR 1
Inspiratory 1 venous return intact-pulsus paradoxus
Exaggerated resp variation in trans-valvular flows
22 Curr Probl Cardiol, September 2004
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B) Hemodynamically Significant but Compensated
ffusion
An early hemodynamically significant effusion will result in elevated

VP (8-12 mmHg), with a sharp X but blunted Y descent. Echocardiog-
aphy shows effusion with mild compression of the RA, and/or RV free
all. Doppler documents exaggerated respiratory variation of transval-
ular flows and therefore pathological pulsus paradoxus may be present
greater than 12-15 but less than 20 mmHg). When the effusion is modest
n hemodynamic significance, it will be fully compensated without
licitation of significant neurohormonal stimulation. Therefore there will
e neither tachycardia nor hypotension; perfusion is not compromised and
yspnea is absent.

C) Hemodynamically Severe Effusion with
ompensatory Mechanisms Maximally Activated
As the effusion becomes more hemodynamically embarrassing, neuro-
ormonal compensatory systems will be more intensely activated to try to
aintain cardiac output and blood pressure in the face of markedly

educed chamber preload. Accordingly, those patients will have markedly
levated JVP (�15 mmHg) and will begin to manifest signs of intense
eurohormonal stimulation including tachycardia. Patients may be short
f breath owing to impaired cardiac compliance (although interestingly

ABLE 2. Assessment of Hemodynamic Compromise in CT

Insignificant effusion:
● Flat neck veins
● Normal BP, HR, RR, good perfusion
● Effusion on echo, no chamber compression
Hemodynamically significant, compensated:
● 1 JVP
● Mild paradox, no hypotension, tachycardia
● Good perfusion
● Effusion with mild RV collapse
Hemodynamically severe, max compensation:
● 1 JVP
● Prominent paradox, 1 HR
● No hypotension - adequate perfusion
● Chamber collapse on echo
Hemodynamically severe, decompensated:
● 1 JVP
● Tachycardia, tachypnea
● Hypotension with paradox
● Chamber collapse, swinging heart
urr Probl Cardiol, September 2004 523
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he lungs are almost always clear despite elevated wedge pressure) and
he respiratory rate is elevated. Systemic vascular resistance will be
ncreased as vasoconstriction attempts to compensate for low output to
aintain blood pressure and therefore perfusion may be compromised,

lthough the patients will not yet be hypotensive. However, such patients
ill manifest prominent paradoxical pulse (�20 mmHg) and ultrasound

ypically reveals dramatic chamber collapse of the IVC, RA, and right
entricle with marked reduction of LV preload and prominent respiratory
ow variations.

D) Hemodynamically Severe Effusion, Decompensated
In its most hemodynamically extreme decompensated state, the com-
ensatory mechanisms are overwhelmed and patients manifest striking
levation of JVP (�20 mmHg), tachypnea, and dramatic palpable
aradox (pulse in the muscular arteries may frankly disappear during
nspiration). Despite pronounced sinus tachycardia, hypotension is strik-
ng and compromise of perfusion is evident clinically, often by altered
ental status and low urine output. Ultrasound shows prominent effusion
ith profound chamber collapse. However, of note, modest effusions that

ccumulate rapidly may produce such profound hemodynamic effects.
he heart may be swinging in the pericardium, giving rise to electrical
lternans affecting all components of the ECG waveform (P, QRS, and T
aves).

ardiac Tamponade: Variants and Special
ituations
The hemodynamic expression of pericardial fluid accumulation is

nfluenced by the volume and rapidity of fluid accumulation, fluid
haracteristics (serous to frank hematoma), anatomic distribution (eccen-
ric vs. concentric), integrity of the pericardial layers (inflamed, neoplastic
nvasion, fibrous), and the status of underlying chamber diastolic and
ontractile function. It is important to emphasize certain clinical scenarios
n which pericardial effusions develop with underlying anatomic and
athophysiologic conditions that may influence the hemodynamic, echo-
ardiographic, and clinical findings. These conditions offer special
hallenges in diagnosis and management.

diopathic Hemodynamically Insignificant Large
ffusions
Large pericardial effusions may be identified by echocardiography in

symptomatic patients, detected incidentally through cardiomegaly on chest
24 Curr Probl Cardiol, September 2004
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lm or by ultrasound.38-40 Absence of symptoms, normal JVP, and lack of
hamber collapse or exaggerated transvalvular respiratory flow variation
onfirm that such effusions are not hemodynamically significant. These
ffusions are labeled as idiopathic only after exhaustive clinical and serolog-
cal search for an identifiable cause (infection, neoplasia, chronic inflamma-
ory states, etc.). In such patients, routine pericardial drainage procedures
ave a low diagnostic yield, no clear immediate therapeutic benefit, and
imited influence on the evolution of the effusion.39 Prognosis is related to the
nderlying disease, not the pericardial involvement. Natural history studies
uggest that hemodynamically insignificant large effusions without underly-
ng severe systemic disease (eg, neoplasia) have a low incidence of devel-
ping cardiac tamponade and a good long-term outcome, with spontaneous
esolution of effusion in many cases. Initially, a conservative approach is
arranted. An empiric trial of anti-inflammatory agents is reasonable. Close

linical and echocardiographic follow-up should identify effusions that
ecome hemodynamically significant and allow timely intervention. Stan-
ard pericardiocentesis is successful long term in most cases40; therefore,
urgical pericardiectomy should be reserved for those having failed medical
anagement and catheter drainage.38

ow-Pressure Tamponade
“Low-pressure cardiac tamponade” is a condition in which a low-pressure

ffusion (in the range of 6-12 mmHg) exerts mild-to-moderate hemodynamic
ffects in relatively hypovolemic patients. In this entity, the effusion
quilibrates with right-sided diastolic pressures only; the less compressible
eft heart chambers tend to be unaffected.20,41 Characteristic respiratory
uctuations in transvalvular flow indicate the potential significance of these
ffusions. In such cases, the hemodynamic significance of the effusion may
e elicited by performance of a hemodynamically monitored “volume
hallenge” in the cath lab in which infusion of 500 ml to 1 L of saline may
esult in dramatic increases in filling pressure and respiratory flow variation
nd thereby delineate the early significance of such effusions.

eoplastic Cardiac Disease
The heart and pericardium are frequently involved in certain malignan-

ies. Involvement occurs from lung, breast, and hematologic malignan-
ies in more than 75% of cases. In patients with cardiac metastases, which
ay occur from direct invasion or by lymphatogenous and hematogenous

pread, the pericardium is involved in more than 70% of cases. The
ajority of pericardial metastases are clinically silent, though a signifi-

ant percentage (16%) of cases develop cardiac tamponade. Pericardial
urr Probl Cardiol, September 2004 525
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uid accumulation may result when metastasis to the pericardium leads to
ncreased serosal fluid elaboration. This may be copious in volume as well
s hemorrhagic. Epicardial metastases may also contribute to pericardial
uid accumulation. Normal removal of the fluid is impeded by lymphatic
nd venous obstruction due to the neoplastic involvement. Of great
oncern is that a substantial number of neoplastic tamponade cases are not
iagnosed before death. Hemodynamic compromise in cancer patients
ay result from a multitude of etiologies other than cardiac tamponade.
he differential diagnosis should include intrinsic primary cardiac dis-
ase, constrictive pericarditis from radiation or tumor encasement, che-
otherapeutic cardiomyopathy, and superior vena cava syndrome.
The management of malignant effusions is particularly challenging and

emains controversial.42-49 Such effusions tend to be large and compro-
ising. Compared to benign effusions, they are prone to early recurrence

ven after initial optimal catheter drainage. Treatment options include
ystemic chemotherapy, local radiotherapy, pericardiocentesis, pericar-
ial catheter placement with or without sclerosis, percutaneous balloon
ericardiotomy, and operative subxiphoid drainage with or without
ericardioperitoneal window, pleura pericardial window by thoracotomy,
r thoracostomy and pericardiectomy. It is important to consider that
atients with malignant pericardial effusions have a medium survival,
ypically less than 3 months.43-45 Prolonged catheter drainage (at least
4 h) is essential. Review of published non-randomized studies of
rainage techniques suggest a recurrence rate following percutaneous
atheter drainage of nearly 20%.42,43,45,46 Adjunctive measures including
clerotherapy (intrapericardial instillation of bleomycin and tetracycline)
ay diminish recurrences.43,45-48 Recurrent effusion is rare following

ubxiphoid drainage, but the morbidity and mortality associated with
pen drainage is substantial and a key consideration in these severely ill
atients with widespread metastases and limited longevity.42-44,48 The
evelopment of the less-invasive subxiphoid pericardial window ap-
roach has eliminated the risks and complications of general anesthesia
nd anterior thoracotomy, which are potentially very deleterious in cancer
atients. One potential advantage of open drainage is the ability to obtain
issue for histologic examination to confirm the diagnosis of malignancy.
alloon pericardiotomy is a catheter-based intervention employing stan-
ard pericardiocentesis techniques but utilizing a large valvuloplasty
alloon catheter to “rupture” a hole in the pericardium.49,50 Limited
xperience with this procedure suggests that it may be effective in at least
oderate term relief and prevention of recurrent effusions. Though

ttractive by not requiring general anesthesia and thoracotomy, even in
26 Curr Probl Cardiol, September 2004
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xperienced hands balloon pericardiotomy can result in morbidity and
ortality attributable to complications such as pleural effusion, pneumo-

horax, and infection. Although advocates of primary balloon pericardiot-
my or direct surgical windows argue that such measures may be
efinitive, they are employed only with appropriate reluctance because of
heir relatively high risk and often preterminal state of the patients. The
ecision for the needle vs. knife approach should most appropriately
nvolve institutional and individual experience with each procedure and
he biology of the patient. One strategy is to perform ultrasound after 24 h
f catheter drainage, following which, if the pericardium is dry, the
atheter is removed and the patient is reassessed clinically and by
ltrasound in 1 to 2 weeks. If the effusion recurs, repeat pericardiocen-
esis with sclerotherapy can be employed. If substantial effusion persists
fter the initial 24 h of drainage, experienced operators should perform
alloon pericardiotomy; if ineffective, a surgical window may be justi-
ed. Since the surgical approach may have lesser risk in experienced
ands than balloon pericardiotomy in inexperienced hands, surgery
hould be considered in some cases.

ffusions Developing After Percutaneous Coronary
nterventions
Coronary artery perforation is a rare but important complication of
ercutaneous revascularization that can result in pericardial effusion and
ardiac tamponade.51,52 Perforation may occur as a consequence of guide
ire advancement, balloon inflation or rupture, and utilization of atherec-

omy devices that alter the integrity of the vascular wall by tissue removal
PTCA, rotablator, laser). Perforations are classified angiographically as
ree perforations (free contrast extravasation into the pericardium) or
ontained perforations (localized crater of contrast outside the lumen).
erforations occur most commonly due to guide wire trauma. In general,
uide wire perforations are minor and inconsequential, rarely lead to
ardiac tamponade except in patients on glycoprotein IIb/IIIa antagonists,
nd can usually be managed simply by reversal of anticoagulation and, if
ecessary, prolonged balloon inflations. More serious breech of coronary
ntegrity may be seen with atherectomy devices such as the rotablator, in
ome cases resulting in free-flowing perforations leading to abrupt
amponade. Although previously such catastrophic perforations ulti-
ately required surgical repair, most can now be successfully managed

hrough deployment of covered stents. If hemodynamic compromise is
vident, urgent pericardiocentesis is necessary. Patients should be mon-
urr Probl Cardiol, September 2004 527
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tored for at least 12-18 h in a CCU and repeat ultrasound should be
erformed to assure no recurrent leak.

ericardial Disease in Patients with Acute
yocardial Infarction

Acute myocardial infarction (particularly anterior) may induce acute
ericarditis because of inflammation contiguous to zones of transmural
ecrosis. Fibrinous pericarditis occurs in virtually all patients with
ransmural acute myocardial infarction. The deposits may be limited to
he visceral and parietal pericardium immediately overlying the area of
ransmural necrosis or they may spread to involve the pericardial surfaces
iffusely. The mechanism of development of diffuse fibrinous pericarditis
n these patients is unclear but may be related to the presence of an
ssociated serosanguinous effusion.53,54 In patients suffering a transmural
yocardial infarction, pericardial effusion develops in nearly one-quarter

f the cases. Some effusions resolve slowly over several months. Acute
ericarditis developing weeks or months after acute MI (Dressler’s
yndrome) is presumed to be of autoimmune origin; a similar postperi-
ardiotomy pericarditis syndrome may occur early or late after open-heart
urgery. Dressler’s syndrome has become rare in recent years presumably
s a result of reperfusion therapy. It is likely that timely reperfusion
revents epicardial myocardial necrosis and hence results in a reduced
ikelihood of pericardial irritation following extensive myocardial infarc-
ion. Patients with extensive infarction who arrive too late for reperfusion
re presumably still candidates for the late development of this form of
uto-immune pericarditis. Identification of pericarditis associated with
cute MI may have implications with regard to anticoagulation and the
se of thrombolytic agents, for the presence of these effusions and their
ize may be exacerbated by the utilization of the anticoagulation regimens
hat are typically employed in these patients including heparin, fibrino-
ytic agents, glycoprotein IIb/IIIa inhibitors, oral antiplatelet agents, and
oumadin. Thus, an insult that in the pre-reperfusion era may have
esulted in a modest and clinically insignificant serous effusion now more
ommonly may result in a larger bloodier effusion that may be associated
ith hematoma, loculations, and tamponade, owing to the impaired
emostatic status (Fig 8). Although the presence of an effusion does not
bsolutely preclude use of anticoagulants, anti-platelet, or fibrinolytic
rugs, these agents must be used with caution and awareness of the risk
f induction of hemorrhagic pericardial effusion.
Acute pericarditis may mimic or be caused by acute transmural
yocardial infarction. In patients presenting with acute chest pain and
28 Curr Probl Cardiol, September 2004
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on-specific ECG changes in which initial differentiation of primary
cute pericarditis from acute myocardial ischemia or infarction may be
ifficult, noninvasive testing by two-dimensional echocardiography to
dentify wall motion abnormalities and subsequent evaluation of serial
CGs and cardiac enzymes can establish the correct diagnoses. It is

mportant to recognize that proximal aortic dissection may leak retro-
radely into the pericardium, resulting in pericardial irritation and
emodynamically significant effusion; such patients may not only com-
lain of chest pain, but may develop acute myocardial infarction from
issection-induced coronary occlusion.
The development of pericarditis is typically within 24 to 48 h of the

cute occlusion. In this time period, the differential diagnosis for chest
ain must include recurrent ischemia as well as impending myocardial
upture. The EKG may show new or worsening recurrent ST elevation,
hich may be indistinguishable from recurrent myocardial ischemia or

neurysm formation, the latter being particularly challenging since it is
hose patients with large anterior myocardial infarctions who present late

IG 8. MRI in patient with cardiac tamponade 10 days following late rescue PTCA for anterior
yocardial infarction. Pericardiocentesis yielded a modest amount of free blood that partially

mproved hemodynamics, but subsequent surgery revealed extensive intrapericardial compres-
ive hematoma (arrows) attributable to a partially contained apical rupture.
r unsuccessfully reperfused who end up with extensive myocardial

urr Probl Cardiol, September 2004 529
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amage that not only promotes aneurysm formation that may result in ST
levation but also is most likely to result in transmural injury associated
ith pericarditis.
Patients with transmural myocardial infarctions are also at risk for

upture of the LV or RV free walls that may result in abrupt and massive
eakage of blood from the chamber cavities into the pericardium (Fig 8),
ypically presenting as profound and abrupt hemodynamic collapse and
ften electrical mechanical dissociation. This catastrophic and often fatal
omplication may be heralded by recurrent chest pain, ST-T changes, and
ericardial rub in the hours before impending hemodynamic collapse. The
arietal pericardium may adhere to the underlying visceral pericardium at
he site of transmural infarction. If the pericardial adherence develops
efore ventricular free wall rupture occurs, then extravasation of blood
nto the pericardial space may be prevented, as the slow chamber leak is
artially contained by the adherent inflamed pericardium which “dams”
nd partially walls off the leak; the result is a false left ventricular
neurysm.53 Two-dimensional echocardiography may be able to initially
etect these sub-acute leaks as intramural hematoma tracking through the
nfarct zone. Nevertheless, substantial pericardial blood may accumulate
nd produce hemodynamically significant effusion which may be char-
cterized by both loculation, eccentric impression, and hematoma. This
ondition is termed “pseudo-aneurysm” and must be distinguished from
rue aneurysm by imaging techniques such as MRI that delineate the
ontour of the endocardium with the pericardium and the presence or
bsence of cavitary blood flow into the pericardial space.

ericardial Disease After Cardiac Surgical
ericardiotomy
Pericardial injury occurs in virtually 100% of patients undergoing the
ericardiotomy necessary to perform cardiac surgery, and nearly all cases
ave a friction rub; development of at least a small usually insignificant
ffusion is common.53,55-57 Pericardial injury attributable to the primary
ericardiotomy may be further exacerbated by inflammatory changes both
arly and late (Dressler’s syndrome) associated with these surgical
rocedures and owing to bleeding that may occur from various sites in the
perative field. This post-op pericardial inflammation probably contrib-
tes, at least in part, to post-op atrial fibrillation.
Although surgeons rarely primarily close the pericardium postopera-

ively, the pericardial layers adhere to the retrosternal space creating a
unctionally closed pericardium immediately after surgery. Effusion is
vident by ultrasound in nearly two-thirds of cases.56,57 Nevertheless,
30 Curr Probl Cardiol, September 2004
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ardiac tamponade is rare, but appears to be more common in those
atients undergoing valve surgery who are then anticoagulated, with such
ffusions typically presenting somewhat later in the postoperative course.
ostoperatively the pericardial fluid may be bloody and contain clot;
ericardial adhesions are often present and the pericardial layers are
nflamed and may heal with fibrous changes. Effusions developing
ostoperatively may not be concentric and are more frequently loculat-
d.57-59 Furthermore, there is an increased incidence of hemorrhagic
ffusions and frank hematomas that may also be eccentric in their
natomic distribution. These factors contribute to variable clinical,
chocardiographic, and hemodynamic findings. Accordingly, a spectrum
f post-op pericardial compressive disorders may be encountered over
ime including classic free-flowing tamponade, regional tamponade,
ubacute effusive–constrictive disease, and rigid constriction. Hemody-
amically significant effusions can be successfully managed with peri-
ardiocentesis and catheter drainage,59 with surgery reserved for active
leeding, evacuation of large hematomas, or relief of refractory loculated
ffusions.

egional Tamponade
Classic cardiac tamponade results when a free flowing effusion con-

entrically encompasses all of the cardiac chambers. Regional tamponade
Fig 9) occurs when loculated eccentric effusions or localized hematoma
roduces selective chamber compression.60-65 The effusion contents may
ary from serous fluid to frank clot; its consistency and physical
roperties may evolve over time from fully compressible fluid to inelastic
rganized hematoma. Postoperative adherence of anterior structures (RV,
A, and pericardium) to the anterior chest wall and the adhesions that
evelop promote regional posterior–lateral effusions, for there is little
oom for fluid collection anteriorly.63 Not surprisingly, loculated effu-
ions now most commonly develop due to fluid constrained within
ockets bordered by pericardial adhesions post-pericardiotomy. Regional
ompressing hematomas also occur most commonly in post-surgical
atients and post-MI where it may reflect contained perforation or
emorrhagic transformation of a benign effusion by anti-coagulants.
egional tamponade results in atypical hemodynamic findings, as only

he compressed chambers will manifest altered diastolic properties. Thus,
lthough low-output hypotension may develop from severe under-filling
f a single selectively compressed chamber (RA, RV, LA, or LV),
qualization of diastolic filling pressures is lacking and pulsus paradoxus
s absent. However, loculated effusion can also induce classic tamponade
urr Probl Cardiol, September 2004 531
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hrough tightening of the uninvolved pericardium.20 Because the hemo-
ynamics may be atypical, regional tamponade should be suspected in
ny patients who develop unexplained hypotension–low output following
I or cardiac surgery. Although standard two-dimensional echocardiog-

aphy may be sufficient to establish the diagnosis in some cases, in others
ith posterior or LA compression transesophageal echo or MRI scanning
ay provide superior delineation of all chambers.

anagement of Cardiac Tamponade
Pericardial tamponade is a true cardiac emergency requiring rapid diagno-

is and treatment. When clinical signs suggest a hemodynamically significant
ffusion, treatment should begin immediately with expansion of intravascular
olume and inotropic support if the patient is hypotensive.20,66 These
emporizing interventions are only a prelude to urgent definitive treatment.
hough steep pressure–volume characteristics of the pericardium can be
iciously compromising, this pathophysiology can also be exploited thera-

IG 9. Transesophageal echocardiogram showing a massive clot (6.5�5.8 cm) severely
ompressing the right atrium. Note the slitlike appearance of the right atrial cavity. Kochar GS,
acobs LE, Kotler MN. Right atrial compression in postoperative cardiac patients: detection by
ransesophageal echocardiography. J Am Coll Cardiol 1990;16:(2)511-6.
32 Curr Probl Cardiol, September 2004
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eutically; removal of even a modest amount of fluid from a tense effusion
ay allow the pericardium to descend to a more compliant slope. Regardless

f the underlying cause of a hemodynamically significant effusion, echocar-
iographically guided pericardiocentesis is the initial drainage procedure of
hoice.67,68 Pericardiocentesis provides prompt relief of hemodynamic com-
romise and may be lifesaving.
Pericardiocentesis can be performed either at the bedside or in a cardiac

are unit as well. In profoundly compromised patients, pericardiocentesis
hould be performed “on site” (emergency room, regular ward); in those
ith impending or manifest cardiovascular “collapse” (systolic blood
ressure � 70 mmHg with signs of cerebral hypoperfusion); or done
lindly if necessary even without echocardiographic monitoring. Al-
hough a skilled cardiologist can perform pericardiocentesis in any
linical setting—even in an out-patient area if the need for relief of
amponade is dire—I prefer to perform this potentially dangerous proce-
ure in the cardiac catheterization laboratory. In this setting, both rhythm
nd hemodynamic status can be meticulously monitored. Moreover, cath
ab personnel are accustomed to dealing with critically ill patients who
ay need urgent resuscitation at any time. The utilization of 2-D

ltrasound has eliminated the need for urgent right heart catheterization in
stablishing the diagnosis of cardiac tamponade. Echocardiographic
onitoring increases the safety, success, and efficacy of pericardiocen-

esis. Surgical intervention is now rarely required. In a patient with
linical compromise, urgent echocardiography should clearly establish
he presence and hemodynamic significance of a pericardial effusion and
ct as a guide for fluid removal by pericardiocentesis, in either a
onitored intensive care unit or a cardiac catheterization lab. In experi-

nced hands this procedure is highly successful and associated with
egligible morbidity and mortality. Two-dimensional echo guidance can
elp track needle placement in the pericardium and thus help avoid
aceration of critical and vulnerable structures such as the right ventricle
nd coronary arteries. Contrast visualization by injection of agitated
aline through the pericardiocentesis needle can further help establish
roper needle placement and assure optimal drainage.
After maximal drainage has been accomplished, a decision must be
ade regarding whether to leave the catheter indwelling over 12 to 36 h

or drainage of recurrent effusions. Such decisions are predicated in part
n the completeness of primary drainage and the suspected etiology of the
ffusion. Although nonneoplastic nonpurulent effusions that are com-
letely drained on first catheterization attempts do not necessarily require
ndwelling catheters, a sterilely placed indwelling catheter in place for 18
urr Probl Cardiol, September 2004 533
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o 24 h with repeat ultrasound to affirm lack of acute recurrence of
ffusion is safe and may avoid the need for repeat pericardiocentesis.
ncomplete initial drainage with substantial residual effusion is an
ndication for prolonged drainage. Evidence of purulent effusion neces-
itates urgent surgical drainage as well as aggressive antibiotic therapy.
mergency pericardiocentesis for catheter or pacemaker cardiac or
oronary perforation induced tamponade (along with reversal of antico-
gulation) often leads to hemodynamic stabilization and may be defini-
ive. Even if complete drainage is accomplished and effusion does not
ecur promptly, cardiac perforations require indwelling catheter drainage
or 24 h with repeat echocardiographic study over 1-4 h to be sure that
emostasis has been accomplished. In some cases of perforation, pericar-
iocentesis is only a temporizing measure. If a bloody effusion reaccu-
ulates 15 to 20 min after restoration of normal clotting, urgent surgical

epair is required. This is the case in nearly all patients with traumatic
ffusions caused by penetrating injuries, as well as chamber rupture
ost-infarction. The treatment of symptomatic malignant pericardial
ffusions has been discussed.

onstrictive Pericarditis
Constrictive pericarditis occurs when a thick, inelastic pericardium

ncases the heart and restricts filling, resulting in chronic biventricular
iastolic dysfunction, predominant right heart failure, and low systemic
utput.69-72 Constrictive pericarditis is most commonly the result of acute
ericarditis which, either in a single intense episode or multiple recurrent
ares, results in fibrocalcific thickening of the pericardium (Fig 10). This
rocess is typically indolent and slowly progressive, with clinical mani-
estations appearing months and often years after the initial inflammatory
nsult. Common identifiable causes include irradiation pericarditis (typi-
ally at least 4000 Rad to the chest mantle), hemorrhagic pericarditis, or
emopericardium (resulting from intense inflammation or, more com-
only, from traumatic hemocardium developing postsurgically or from

lunt chest trauma), and chronic inflammatory states including tubercu-
osis and uremia. Recent reports have emphasized changes in the
pectrum of constrictive pericarditis in the United States, characterized
hiefly by declining incidence of tuberculous pericarditis and an increase
n the frequency of cases resulting from therapeutic mediastinal irradia-
ion and developing post pericarditis following cardiac surgery.73-75

Pathologically, constriction results from fibro-calcific thickening of the
ericardium attributable to pericarditis resulting from a variety of differ-
nt injuries. Adhesions often occur between the visceral and parietal
34 Curr Probl Cardiol, September 2004
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ericardium and the myocardium. Either the thickening or the adhesions
ay be focal or diffuse.53 The thickening may involve both visceral and

arietal pericardial or only one of them. Thickening may be perfectly
oncentric (Figs 10 and 11) or be regionally uneven (Fig 12). Pericardial
hickening may occur in the absence of pericardial adhesions or adhesions
ay occur in the absence of pericardial thickening or the two may occur

ogether. When pericardial adhesions are diffuse, the pericardial space is
bliterated. This obliterative pericarditis may occur in the absence of
hickening of the parietal pericardium. Obviously, since its space is no
onger present, pericardial effusion, by definition, cannot be present in
hose with obliterative pericarditis. However, patients with focal pericar-
ial adhesions or in patients with diffuse pericardial thickening with
ither no adhesions or only focal adhesions, effusion may be present.53

Cardiac surgery is the most common cause of constriction. However,
verall, postoperative constriction is relatively uncommon with a conser-
ative incidence of 0.3%.70,71,73,74 Pericardial injury virtually always
ccompanies cardiac surgery and a small amount of bleeding into the
ericardium is not common. The presence of blood within the pericardial

IG 10. Cross section of heart shows thickened pericardium. Dhar SC, Hayes S, Cercek B,
ishbe MC. Images in cardiovascular medicine. Cardiac tuberculosis. Circulation 1998;
8(7):730.
ac by itself leaves no residua. The presence of blood, however,

urr Probl Cardiol, September 2004 535



s
b
t
o
o
o

d
o
a
a
a
p
m
f
a
p
m

F
m

5

uperimposed on injured pericardial surfaces can lead to adhesions
etween the pericardium with or without thickening of the layers
hemselves.53 After cardiac operations the pericardia become adherent to
ne another by fibrous adhesions. These adhesions may then lead to
bliterative pericarditis and constrictive physiology even in the absence
f thickening of the pericardial layers.53

Therapeutic irradiation continued to be an important cause of pericar-
ial disease, with the cardiac structures exquisitely sensitive to the effects
f irradiation, which may not become manifest for several decades.76 In
ddition, improved cancer cure rates have resulted in greater longevity
nd thus a likelihood of developing cardiovascular sequelae. Radiation
lways produces injury and repair of that injury may cause fibrous
roliferation. Although the endocardium, myocardium, and pericardium
ay be injured by high dose irradiation, the portion of the heart most

requently damaged is the pericardium. Pericardial effusion may develop
nd the pericardia are thickened by fibrous tissue. Pericardial injury
robably occurs in most patients receiving 4000 or more Rad to the
ediastinum. Fibrous thickening of the pericardia combined with peri-

IG 11. MRI in patient with multiple thoracotomies demonstrating extensive pericardial and
ediastinal fibrosis, resulting in severe concentric pericardial thickening (arrows).
36 Curr Probl Cardiol, September 2004



c
c
d
a
w
d

P

d
v

F
d
B
d
w
v
p
p
c
K
C

C

ardial effusion which is usually serous has been the most frequent
onsequence of disease occurring in about 5% of patients with Hodgkin’s
isease treated with high dose mediastinal irradiation. The coronary
rteries lying in the subepicardial adipose tissue may also be damaged
ith resulting coronary arterial luminal narrowing and ischemic heart
isease.53

athophysiology of Constriction
Constriction alters chamber compliance, resulting in biventricular
iastolic dysfunction. Atrial filling pressures are elevated reflecting both
entricular non-compliance and atrial constraint by the pericardium.

IG 12. A, Simultaneous right ventricular (RV) and left ventricular (LV) pressure recordings
emonstrating equalization of diastolic pressures and characteristic “dip and plateau” contour.
, Simultaneous right atrial (RA) and LV pressure recordings demonstrating equalization during
iastole and prominent X and Y descents in the RA tracing. C, Chest CT scan in a second patient
ith constrictive pericarditis demonstrating marked pericardial thickening anterior to the right
entricle (arrow). There is evidence of calcification within the pericardium. D, Portions of
ericardium removed at surgery from the second patient showing fibrous and organizing
ericarditis up to 2 cm thick. E, Microscopic section from second patient showing dense
ollagen characteristic of constrictive pericarditis (trichrome stain, �50). Vaitkus PT, Cooper
A, Shuman WP, Hardin NJ. Images in cardiovascular medicine. Constrictive pericarditis.
irculation 1996;93(4):834-5.
urr Probl Cardiol, September 2004 537
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hereas in cardiac tamponade a tense effusion imposes pandiastolic
esistance to ventricular filling, with constriction, early ventricular filling
s resistance-free (Fig 13). However, as the ventricles rapidly fill they

eet the inelastic resistance of the stiff pericardium, at which time filling
ressure rises rapidly to an elevated plateau (Fig 12). This hemodynamic
attern is manifest in the JVP and RA pressure waveforms as elevated
ean filling pressure with prominent A wave, reflecting rapid atrial

ransport of blood into the stiff RV and pericardial shell. They are both a
harp X descent due to accelerated atrial relaxation, with a sharp Y
escent reflecting the initial rapid resistance free early RV filling (Fig 12).
he RV waveform is similarly distinctive, with a “dip and plateau” or
square root” pattern reflecting the rapid ventricular relaxation and a
harp increase in filling pressure as the expanding ventricle meets the
onstraints of the pericardium (Figs 12 and 14). The RA, RV, pulmonary
apillary wedge, and LV filling pressures are elevated and equalized,
eflecting the common constraining effects of the pericardium (Fig 14).
he LV pressure waveform may exhibit a dip-and-plateau pattern similar

o that seen in the RV.
Increased pericardial resistance more tightly couples the two ventricles

IG 13. Tracings of left ventricular (LV), right ventricular (RV), and pulmonary capillary wedge
PCW) pressures obtained from a patient with constrictive pericarditis. Note the discordant
hanges in LV and RV pressures and the variability in the early diastolic PCW-LV gradient with
espiration. Hatle L, Appleton C, Popp R. Differentiation of constrictive pericarditis and
estrictive cardiomyopathy by Doppler echocardiography. Circulation 1989;79:357-70.
nd increases their interdependence. Pericardial constraint limits total

38 Curr Probl Cardiol, September 2004
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ardiac volume, consequently an increase in filling on one side of the
eart impedes contralateral filling through intensified septal mediated
nteractions. In contrast to cardiac tamponade, in which ITP is transmitted
hrough the pericardium and inspiratory augmentation of venous return
nd right heart filling are intact, in constrictive pericarditis, the inelastic
brocalcific pericardial shell isolates the heart from the lungs, and

herefore respiratory changes in intrathoracic pressures are not fully
ransmitted to the cardiac chambers. Thus, constriction results in disso-
iation of respiratory effects on intrathoracic and intracardiac pressures,
hereby inducing dynamic respiratory changes in diastolic ventricular
lling and flow patterns and ventricular systolic pressures.16,69-71,77,78

owever, the effects on right and left heart filling and pressures are
isparate, owing to differences in the anatomic–physiologic relationships
f their respective venous return systems to intrathoracic pressure
scillations. On the right heart, the superior and inferior vena cavae are
ntrathoracic and the right atrium and ventricle are completely intraperi-
ardial. The constrictive pericardial shell neither fully facilitates inspira-

IG 14. Right atrial (mean, RA) and pulmonary wedge (phasic, PCW) pressure tracings from a
atient with constrictive pericarditis. An arrow marks the beginning of the inspiratory phase of
ach respiratory cycle. Note that mean right atrial pressure increases during inspiration
Kussmaul’s sign). The pulmonary capillary wedge pressure is out of phase with right atrial
ressure and begins to fall during inspiration as right atrial pressure is rising. Grossman W,
aim D. Profiles of constrictive pericarditis, restrictive cardiomyopathy, and cardiac tampon-
de. Cardiac Catheterization, Angiography and Interventions 1991;Chapter 35:637.
urr Probl Cardiol, September 2004 539
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ory augmentation of right heart filling, nor accommodates whatever
eager increments in filling occur. Instead, the inspiratory gradient

reated between the extrathoracic systemic veins and intrathoracic but
xtrapericardial cavae, together with increased intra-abdominal pressure
ssociated with deep inspiration, augment venous return to the thoracic
age under conditions in which inspiratory augmentation of right heart
lling is impeded by the constricted pericardium. The result is an

nspiratory increase in jugular venous and right heart filling pressure
“Kussmaul’s sign,” the hemodynamic obverse of a paradoxical pulse)
Fig 15).
Anatomic–pathophysiologic relationships in the left heart are different.
he pulmonary veins are entirely intrathoracic: the left atrium is not fully

IG 15. Schematic of respiratory variation in transvalvular and central venous flow velocities in
onstrictive pericarditis. With inspiration, the driving pressure gradient from the pulmonary
apillaries to the left cardiac chambers decreases, resulting in a decrease in mitral inflow and
iastolic pulmonary venous (PV) flow velocity. The decreased left ventricular filling results in
entricular septal shift to the left (small arrow), allowing augmented flow to the right-sided
hambers shown as increased tricuspid inflow and diastolic hepatic venous (HV) flow velocity
ecause the cardiac volume is relatively fixed as a result of the thickened shell of pericardium.
he opposite changes occur during expiration (see text). D � diastole; LA� left atrium; LV � left
entricle; RA � right atrium; RV � right ventricle; S � systole. Oh JK, Hatle LK, Seward JB, et
l. Diagnostic role of doppler echocardiography in constrictive pericarditis. J Am Coll Cardiol
994;23:154-62.
40 Curr Probl Cardiol, September 2004
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ncased within the pericardium, owing to the pericardial reflection around
he pulmonary veins and the left ventricle is fully within the constricted
ericardium. Therefore, in constriction there is an inspiratory decrement
n pulmonary venous pressure which is not transmitted to the left
entricle, resulting in reduced transmitral pressure gradient and flow
elocity during inspiration.16,69-71,77-83 Because the cardiac volume is
elatively fixed in CP, there is a reciprocal relation between left and right
eart filling due to tight ventricular coupling. Therefore, the inspiratory
ecrease in LV filling allows a small relative increase in tricuspid inflow
nd RV filling (Table 3). These disparate effects on ventricular filling lead
o opposite directional changes in ventricular systolic pressures, with
nspiration inducing an increase in RV but a decrease in LV systolic
ressure (Fig 14). This phenomenon, called “ventricular discordance,” is
ndicative of enhanced ventricular interaction and may be the most
eliable hemodynamic indicator of constriction.83 As expected, the oppo-
ite changes occur during expiration, with increased left heart filling and
educed right heart filling, which decreases tricuspid inflow velocity and
eads to diastolic hepatic venous flow reversals. Pathological pulsus
aradoxus is seen in less than 30% of cases and likely reflects those in
hich the pericardium, though constricted, is still sufficiently compliant

or slight transmission of intrapleural pressure, which augments RV
lling, combined with the primary inspiratory decrement in LV filling,
hich together result in inspiratory reductions in LV preload. Thus,

lthough the patterns of pericardial constraint differ between CT and CP,
hey share the common pathophysiological effects of tight ventricular
oupling. Although when combined with the presence of other clinical
nd noninvasive findings these respiratory phenomenon may indicate
onstriction, limitations in specificity and sensitivity preclude definitive
iagnosis in individual patients based on these criteria alone, particularly
n the presence of atrial fibrillation, severe lung disease, or in patients
ith markedly elevated LA pressures.

ABLE 3. Hemodynamic characteristics of Constriction

Percardial resistance in later 2/3 diastole
Elevation and equalization of diastolic pressures.
VR biphasic: prominent “X” and “Y”.
RV dip and plateau.
2 Intracardiac volume, SV, CO.
INSP augmentation of VR blunted.
Kussmaul’s sign, consequence of 1IN VR to heart incapable of greater distension.
Pulsus paradoxus uncommon (33%).
Ventricular discordance
urr Probl Cardiol, September 2004 541
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onstrictive Pericarditis (CP): Clinical Presentations
Patients with CP suffer symptoms attributable to biventricular diastolic
ysfunction. Systemic venous congestion related to right heart non-
ompliance typically predominates, characterized by pedal edema, ab-
ominal swelling, and gastrointestinal symptoms related to hepatic/bowel
ongestion. The restricted ability of the atria limits the secretion of atrial
atriuretic factor, thereby impairing natriuretic and diuretic capabilities
nd thus exacerbating the tendency to congestion from salt and water
etention.84 Patients usually also complain of dyspnea on exertion
ttributable to left heart diastolic dysfunction. The stiff heart has limited
bility to increase cardiac output with exercise, resulting in fatigability.
atients with constriction may also complain of chest pain, which may
ave classic pericarditis features or be atypical. In patients with features
onsistent with the diagnosis of constriction or restriction, certain aspects
f the clinical presentation may suggest a greater likelihood of one
iagnosis. A history of previous cardiac surgery, tuberculosis, or medi-
stinal irradiation favors the diagnosis of pericardial constriction. How-
ver, tuberculosis pericarditis is now very uncommon, and mediastinal
rradiation has been shown to affect the heart in a variety of ways which
ay lead not only to constriction but also to cardiomyopathic processes,
hich may result in restrictive physiology. Similarly, patients with

nflammatory pericarditis may have associated myocarditis which can
esult in a combined pericardial–myocardial process that may result in a
ixed constrictive–restrictive physiology.
Vital signs with the patient at rest are typically normal, unless the
atient is in profound right heart failure, which results in reflex neuro-
ormonal activation and sinus tachycardia. Lower extremity edema,
onsistent with the magnitude of right heart failure, may be massive,
xtending to the buttocks and perineum. Upper extremities are not
dematous but may share muscle wasting secondary to cardiac cachexia
nd malabsorption caused by bowel venous congestion. Clear lung field,
arked elevation of the JVP with a distinctive prominent A wave, sharp
, and blunted Y descent (in contrast to tamponade with sharp Y descent)

re typical. Kussmaul’s sign, reflecting the most severe pericardial
on-compliance, is present in two-thirds of cases. The arterial pulse
pstroke and amplitude are usually normal, although in severe constric-
ion the amplitude may decline because of limited LV preload. Patholog-
cal pulsus paradoxus is seen in less than 30% of cases. The constricted
ericardium typically results in a very quiet precordium. An ausculatory
allmark is a pericardial knock—a diastolic filling sound corresponding
42 Curr Probl Cardiol, September 2004
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o the sudden cessation of ventricular filling that correlates with the end
f the early “dip” in the RV pressure waveform. The first heart sound is
ypically normal. The second heart sound may be widely split, attributable
o early aortic valve closure related to a decreased LV stroke volume,
specially with inspiration. Ascites and marked hepatomegaly may be
een unless the chronic passive congestion leads to cirrhosis, in which
ase the liver may be small. I have cared for patients with chronic
onstrictive pericarditis who were mistakenly labeled as having severe,
iventricular heart failure for a substantial period of time. Chronic
eripheral edema, distended neck veins, cachexia, jaundice, and ascites
ith marked hepatomegaly can be seen in chronic constrictive pericardi-

is, thereby resembling severe, biventricular heart failure and fooling the
linician. Since heart failure is common and constriction is unusual, the
atter condition is often misdiagnosed.

oninvasive Evaluation
The chest X-ray in both constrictions reveals a small cardiac silhouette

nd pericardial calcification may be evident (particularly in tuberculous or
ost-traumatic constriction). However, it is important to emphasize that a
alcific pericardium does not necessarily produce physiological constric-
ion and that constriction can occur in the absence of pericardial
alcification. In constriction the right superior mediastinum may be
nlarged owing to dilatation of the superior vena cava. Enlargement of the
eft atrium is not uncommon. Pleural effusion may be present (reflecting
hronic severe right heart failure), but even though pulmonary venous
ressure is chronically elevated, pulmonary infiltrates are uncommon. In
oth conditions, the ECG is nonspecific but often reveals diffuse low
oltage with nonspecific ST-T changes. Atrial arrhythmias including
trial fibrillation may be present, related to underlying myocardial
bnormalities, epicardial inflammation and calcification, as well as atrial
ilatation.

cho-Doppler Evaluation
Echocardiography typically demonstrates small ventricles with intact

ystolic function. However, in some cases LV contractility may be
mpaired and global ejection fraction is depressed. The atria may dilate
wing to the compliance abnormalities of the ventricles and appear
elatively large compared to the constricted ventricles. In constriction,
mpaired filling early in diastole may be manifest as “bounce” of the
nterventricular septum and/or LV posterior wall. An abnormal echo
ontour at the reflection of the pericardium to the posterior left atrial wall
urr Probl Cardiol, September 2004 543
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ay be seen. Engorgement of the systemic venous circulation may be
anifest as dilatation of the inferior vena cava and hepatic veins, with

lunted respiratory fluctuation (“plethora”).
CP results in characteristic respiratory variations in Doppler flow
elocities including �25% expiratory increase in mitral E velocity and
xpiratory decrease in hepatic vein diastolic flow velocity, �25%
ncrease in diastolic flow reversals compared with inspiratory velocity,
nd respiratory discordance of ventricular systolic pressures characterized
y inspiratory decrease in LV systolic pressure but increase in RV
ystolic pressure.77-83 Doppler echocardiographic data, in combination
ith clinical and hemodynamic findings, help establish the diagnosis of

onstriction. However, these Doppler findings may be non-specific and
ave not been sufficiently validated in a large number of patients to be
onsidered absolutely reliable in the critical differentiation of constriction
s. restriction.

maging Pericardial Thickness
In patients with chronic right heart failure, small ventricles, and dilated

tria, the most distinctive distinguishing feature delineating constriction
and differentiating it from restriction) is anatomical, not physiologic: In
atients with constriction, the pericardium is almost always thickened
whereas in restriction it is not). Therefore, anatomic documentation of
ericardial thickness in patients with constrictive–restrictive physiology
s crucial in differentiating these conditions. Normal pericardial thickness
s less than 2 mm and pericardial thickness is greater than 4 mm, and
hen accompanied by characteristic clinical and hemodynamic findings,

s suggestive and diagnostic of constrictive pericarditis. However, it is
mportant to emphasize that the presence of increased pericardial thick-
ess does not confirm physiologic constriction. In constriction, echocar-
iography may demonstrate pericardial thickening evident by M-mode as
wo parallel lines (representing two surfaces of the pericardium) separated
y a clear space from the posterior wall of the LV and/or free wall of the
V. Alternatively, the pericardium may appear as multiple dense echoes
osterior to the LV free wall. Although two-dimensional imaging may
onfirm thickening of the pericardial layers, limitations of near field
maging limits accurate imaging of the pericardium by ultrasound. Recent
tudies suggest transesophageal echo may be more promising.85 Both CT
Fig 12) and MRI (Fig 11) scanning techniques provide superior images
or assessing pericardial thickness and delineating its conformation
eccentric and concentric) around the heart.19 Both techniques show
xcellent correlation in measurement of pericardial thickness confirmed at
44 Curr Probl Cardiol, September 2004
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urgical exploration or by autopsy. MR imaging has a reported accuracy
f 93% for differentiation between constriction and restriction on the
asis of delineation of thickened pericardium � 4 mm.19 CT imaging has
he ability to delineate pericardial calcification (by CT score) as well as
hickness. However, comparative studies are lacking.

onstriction with Normal Pericardial Thickness
It is important to emphasize that even if pericardial thickness is normal
y imaging techniques, some patients may still have severe pericardial
onstriction proven by surgical exploration.71,86 In classic constriction, the
ormal size of the heart is encased within a rigid fibrocalcific pericardial
hell. However, even in such patients, progressive constriction may result
ot only from fibrocalcific thickening of the pericardial layers but also
rom shrinkage in pericardial volume. Normal pericardial thickness does
ot exclude constrictive pericarditis, for an inelastic fibrous visceral
picardium can physiologically constrict without demonstrable increase
n thickness. This explains the subset of patients with clinical and
emodynamic findings consistent with constriction but with normal
ericardial thickness by non-invasive imaging. One study of 143 patients
ith clinical constriction undergoing surgical exploration documented
ormal pericardial thickness in 18% of cases.86 Microscopically no such
atients had entirely normal pericardium, with histologic examination
evealing mild and focal fibrosis, inflammation, and calcification. In such
ases, constriction was a result of previous cardiac surgery, chest
rradiation, prior infarction, and idiopathic disease. Importantly, peri-
ardiectomy was equally effective in relieving symptoms regardless of
he presence or absence of increased pericardial thickness. Accordingly,
n patients with severe clinical manifestations, lack of increased pericar-
ial thickness and normal endomyocardial biopsy to exclude restrictive
ardiomyopathy, exploratory thoracotomy with provisional planned peri-
ardiectomy should be considered.

ccult Constriction
Significant pericardial disease can exist without overt clinical manifes-

ations. Occult constriction is identified by normal baseline hemodynam-
cs and normal left ventricular systolic function with a characteristic
esponse to rapid volume infusion in which administration of a liter of
ormal saline over 6 to 8 min can result in striking elevation of filling
ressures with a characteristic wave form including a sharp atrial X and
descent, ventricular dips and plateaus, and equalization and elevation of

iastolic filling pressures throughout the chambers. Close questioning of
urr Probl Cardiol, September 2004 545



s
a
d
n

E

c
c
f
m
h
1
i
o
t

F
o
T
s
C

5

uch patients often reveals unexplained fatigue, dyspnea, and chest pain
s the pattern of presentation. Pericardiectomy in such patients results in
ramatic improvement that correlates with the resolution of the hemody-
amic abnormalities.87

ffusive–Constrictive Disease
Effusive–constrictive pericarditis is a form of subacute constriction

haracterized by effusion into a free pericardial space associated with
onstriction of the visceral pericardium.88-93 Effusion contents may vary
rom serous fluid to frank clot; its consistency and physical properties
ay evolve over time from fully compressible fluid to inelastic organized

ematoma. The effusion may be concentric, regional, or loculated (Fig
6). Furthermore, over time the effusion contents may organize and the
nflamed pericardial layers may become stiffened. This dynamic spectrum
f physical properties interacts with changes in the intrinsic properties of
he healing pericardium, giving rise to a spectrum of hemodynamic

IG 16. Effusive constrictive pericarditis secondary to myobacterium tuberculosis in a 44-year-
ld man with symptoms of heart failure. Axial gadolinium-enhanced ECG-gated fat-saturated
1-weighted SE image shows an enhancing thickened pericardium (arrows) and a moderate-
ized pericardial effusion (*). Wang ZJ, Reddy GP, Gotway MB, Yeh BM, Hetts SW, Higgins
B. CT and MR imaging of pericardial disease. Radiographics 2003;23(Spec No.):S167-80.
46 Curr Probl Cardiol, September 2004
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atterns from pure tamponade through effusive–constrictive physiology
o pure constriction. Effusive–constrictive pericarditis is characterized by
ixed clinical and hemodynamic findings. In some cases a constrictive

picarditis underlies a free-flowing effusion. In patients with a scarred
igid visceral and parietal pericardial layers, tamponade can occur with
elatively modest fluid accumulation. The effusive–constrictive nature of
he physiology may only be fully revealed when pericardiocentesis fails
o completely reduce diastolic pressures (Fig 17).
Hancock suggested three types of compressive pericardial effects:

amponade, subacute “elastic” constriction, and chronic “rigid” constric-
ion.88,89 Effusive–constrictive pericarditis, one of the types of subacute
lastic constrictive processes, is characterized by effusion into a free
ericardial space associated with constriction of the heart by the visceral
ericardium. Effusive–constrictive pericarditis has been described and
ttributed to hemopericardium and serosal injury. It is most commonly
een post-pericardiotomy but can be seen with any post-inflammatory

IG 17. Right atrial and right ventricular pressure pulses, before and after removal of pericardial
uid, in a patient with subacute effusive–constrictive pericarditis that followed radiotherapy.
he right atrial pulse shows a predominant systolic descent (X � Y) initially and a predominant
iastolic descent (X � Y) after removal of fluid. The diastolic dip-plateau pattern in the right
entricular pulse is prominent only after removal of fluid, in association with the X � Y right atrial
ulse. Hancock EW. Subacute effusive–constrictive pericarditis. Circulation 1971;43:183-92.
urr Probl Cardiol, September 2004 547
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ericarditis from infection, irradiation, or uremia. Effusive–constrictive
isease results in a hybridized hemodynamic state with patterns that are
ntermediate between those of tamponade and constriction. The physical
xam and hemodynamic findings before pericardiocentesis resemble
amponade, with the characteristics of constriction revealed after pericar-
ial drainage results in only partial relief of the hemodynamic abnormal-
ties. Prior to pericardiocentesis, effusive–constrictive disease looks
emodynamically more like tamponade than constriction, with elevated
qualized filling pressures and a prominent paradoxical pulse, but in
ontrast to classical tamponade the Y descent may be preserved and a
ussmaul’s sign present, which may be indicators that a constrictive
hysiological component exists. The co-existent condition of fibroelastic
isceral constriction is confirmed when pericardiocentesis results in relief
f pulsus paradoxus but incomplete resolution of elevated filling pres-
ures, with hemodynamics developing more prominent atrial Y descents
nd ventricular “dip and plateau” characteristic of constriction. It is
mportant to emphasize that effusive–constrictive disease does not
nexorably progress to chronic constriction. In some cases the disease is
ransitory, reflecting the dynamic healing changes ongoing within the
nflamed pericardial sac. Thus, patients requiring pericardiocentesis for
linical relief of the effusion component should subsequently be treated
ith anti-inflammatory agents and followed clinically, as some cases will

esolve without requirement for surgical intervention.

ransient Constriction
Transient constrictive pericarditis occurs in 7-10 % of patients with

cute pericarditis.94 Such patients usually have a moderate amount of
ericardial effusion and as the effusion disappears, the pericardium
emains inflamed and noncompliant, resulting in constrictive hemody-
amics. Such patients typically present with dyspnea, peripheral edema,
ncreased JVP, and sometimes ascites, similar to patients with chronic
onstriction. It is important to recognize that transient constriction occurs
ost commonly following surgical pericardiotomy, with the constriction

asting 2 to 3 months before it gradually resolves either spontaneously or
n response to anti-inflammatory agents. Therefore, when hemodynamics
nd findings typical of constriction develop in patients with acute
ericarditis (surgical or other etiology), initial treatment should include
on-steroidal anti-inflammatory medicines for 2 to 3 weeks and if there is
o response, administration of steroids for 1 to 2 months. It is important
o exclude the presence of loculated effusions and hematoma.
48 Curr Probl Cardiol, September 2004
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anagement
Early diagnosis of constriction is important because if it is unrecognized

he patient may deteriorate clinically and if surgery is delayed the patient
ay have an increased risk of operative death. Because of the indolent

ature of the constrictive process, fatigability may be ignored or ascribed
o nonspecific causes until right heart failure develops. Patients with mild
ight heart failure can be managed initially with diuretics and venodilators
o relieve systemic venous congestion. However, most patients with
ubstantial right heart failure ultimately require complete surgical resec-
ion of the pericardium, usually involving a median sternotomy with full
ardiopulmonary bypass.
The outcome of surgery for chronic constriction has been influenced over

ime by changes in the underlying disease states and by evolution of surgical
echnique and management, with current operative mortality approaches
-10%.73,95-98 In comparison with an older historical series, results of
ericardiectomy in patients presenting between 1985 and 1995 showed a
hanging spectrum of constriction including older patients, previous open
eart surgery, and mediastinal irradiation as etiologies. Interestingly, opera-
ive mortality was significantly lower (6% vs. historical standards of nearly
5% perioperative mortality) attributable to improved anesthesia, medical
anagement, surgical techniques, and perioperative care, but late survival

esults were somewhat disappointing.73

Many patients suffer postoperative low-output syndrome. Although the
arge majority exhibit improved functional class, hemodynamic abnor-
alities, particularly diastolic filling impairment, may remain abnormal

nitially.96 Persistent diastolic abnormalities after pericardiectomy corre-
ate well with patients who have had symptoms longer preoperatively.
his finding supports the recommendation that pericardiectomy be
erformed promptly in symptomatic patients with constrictive pericardi-
is. Persistent hemodynamic impairment and disappointing survival was
elt to be particularly related to a prevalence of radiation-induced
onstriction.73 The deleterious effects of radiation on cardiac structures
ther than the pericardium are well-described. Pericardiectomy is more
hallenging because of mediastinal fibrosis which limits complete resec-
ion and postoperative recovery may be prolonged because of chest wall
brosis. Furthermore, long-term survival is also compromised by pulmo-
ary interstitial disease, impaired immunologic responses, and recurrent
rimary or secondary neoplasms from chemotherapy. However, all of the
eaths in the Mayo series with radiation pericarditis were cardiac related,
ndoubtedly related to myocardial involvement by radiation-induced
urr Probl Cardiol, September 2004 549
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yocarditis and fibrosis. Residual myocardial fibrosis was likely in these
atients who had recurrent symptoms because many had radiation-
nduced disease and restrictive left ventricular filling could be docu-

ented by Doppler echo in many of these patients following pericardi-
ctomy. Additionally, incomplete pericardiectomy is associated with
ecurrent late heart failure.

estrictive Cardiomyopathy
Restrictive cardiomyopathies (RCM) are indolent disabling diseases of
iastolic cardiac function characterized by small ventricles, elevated
ulmonary and systemic venous pressures, dilated atria, and low cardiac
utput (Fig 18). They result from pathophysiologic processes that induce
redominant diastolic chamber dysfunction with lesser impairment of
ystolic performance.71,99-103 Common etiologies of RCM include myo-
ardial infiltrative processes (eg, amyloidosis) and storage diseases (eg,

IG 18. Pathology of idiopathic RCM in a 63-year-old woman. Left, Gross cardiac specimen,
hown in 4-chamber format, demonstrating prominent biatrial enlargement, with normal-sized
entricles. Right, Light microscopy showing marked interstitial fibrosis (light pink areas).
ematoxylin and eosin; magnification, �120. Ammash NM, Seward JB, Bailey KR, Edwards
D, Tajik AJ. Clinical profile and outcome of idiopathic restrictive cardiomyopathy. Circulation

000;101:2490-6.
50 Curr Probl Cardiol, September 2004
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emochromatosis), as well as endomyocardial processes such as radiation
nd scleroderma. (Table 4). These conditions typically affect both
entricles to some extent, but may result in clinically predominant left,
ight, or biventricular diastolic dysfunction. Systolic function is preserved
n most cases depending on the underlying cause. Secondary restriction
an develop at a late stage in hypertrophic, dilated, valvular, hypertensive,
nd ischemic heart disease.
Cardiac amyloid is the most common and typical example of restrictive

ardiomyopathy and is characterized by increased ventricular wall thick-
ess with a granular or sparkling myocardium on echo reflecting amyloid
eposits.99,100,103,104 Cardiac amyloid occurs in both primary forms caused
y the production of immunoglobulin changed by plasma cells often
elated to multiple myeloma. Patients often will be found to have
onoclonal gammopathy on serum protein electrophoresis. Secondary

myloidosis is attributable to the deposition of amyloid proteins other
han immunoglobulins and may be familial, senile, or due to chronic
nflammatory processes such as tuberculosis, inflammatory bowel dis-
ase, rheumatoid arthritis, etc. Importantly, as the population ages, it is
mportant to emphasize that amyloid infiltration of the heart is common in
he elderly. Amyloidosis-induced restriction is thought to result from
njury due to replacement of normal myocardial contractile elements by
nfiltrative interstitial deposits of insoluble amyloid fibers in all four
ardiac chambers. This results in increased wall thickness without cavity
ilatation at least initially. The myocardium in patients with cardiac
myloid is firm, rubbery, and non-compliant. Infiltration of the myocar-
ium may result in compressive atrophy and coronary infiltration may
esult in ischemia, both of which may lead to systolic dysfunction. The
ranular sparkling appearance with increased wall thickness seen on 2-D

ABLE 4. Classification of Restrictive Cardiomyopathies

yocardial
Noinfiltrative: Idiopathic

Scleroderma
Infiltrative: Amyloid, sarcoid, gaucher’s
Storage disease Hemochromatosis

Glycogen storage disease
Fabry’s

ndomyocardial Endomyocardial fibrosis
Hypereosinophilic syndrome
Carcinoid
Metastatic malignancy
Radiation
Anthracycline toxicity
urr Probl Cardiol, September 2004 551
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cho is characteristic of amyloid and correlates with poor survival.
owever, even in the absence of overt echocardiographic evidence of

ncreased wall thickness, abnormalities of diastolic filling can occur and
re also predictive of decreased survival. Amyloid deposits can be
etermined by biopsy specimens of the myocardium, rectum, or other
issues. Treatment of the underlying disease state causing amyloidosis
arely results in regression of cardiomyopathy. Transplant is rarely
onsidered because of the underlying disease states and systemic nature
f the amyloid. Infiltrative cardiomyopathy less commonly results from
arcoidosis, hemochromatosis, and other processes.99,100-106 Their clinical
resentations are usually dominated by other primary manifestations of
he underlying disease. In any patient with clinical features of restriction,
ppropriate biochemical and tissue samples should be obtained to exclude
hese diagnoses.
Idiopathic or primary restriction occurs in the absence of other identi-
able causes and is thought to be uncommon.101 Idiopathic restrictive
ardiomyopathy is characterized by non-dilated, non-hypertrophied ven-
ricles with diastolic dysfunction resulting in dilated atria and variable
ystolic dysfunction (Fig 18). Idiopathic RCM occurs more commonly in
lder women than men and is characterized by patchy endocardial
brosis. Atrial enlargement is common and thrombi are often present in

he atrial appendages.

athophysiology of Restrictive Cardiomyopathy
Restrictive cardiomyopathy is characterized by impaired ventricular

ompliance with impedance to filling in a progressive pandiastolic pattern
s the ventricle fills and ascends a non-compliant pressure-volume
urve.71 Ventricular diastolic pressures are elevated and may inscribe a
dip and plateau” or “square root” pattern (Table 5, Figs 19 and 20).
iatrial enlargement is common and may reflect not only ventricular

TABLE 5. Restrictive Cardiomyopathy

� Intrinsic abnormality of diastolic function
� Normal LVEDV but 1 diastolic pressure
� RV � LV diastolic dip and plateau
� Equalization of diastolic filling pressures
� “Y” descent blunted relative to “X”
� Blunted respiratory variation in trans-valvular flows
� Kussmaul’s sign may be present
� Pulsus paradoxus in some
� Ventricular concordance
52 Curr Probl Cardiol, September 2004
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on-compliance, but also primary atrial myocardial involvement by the
estrictive process as well. Atrial filling pressures are elevated and, unless
he atria are primarily involved by the restrictive process and rendered
ysfunctional, there is augmented contraction and relaxation manifest as
prominent A wave and sharp X descent (Fig 19). Although there may

e equalization of diastolic filling pressures (Table 5, Fig 19) similar to
hat seen in constriction, in RCM left-sided pressures are typically
omewhat greater than right due to the greater intrinsic stiffness of the left
entricle; this difference may be amplified by maneuvers that augment
entricular filling such as volume infusion, leg-raising, or post-PVC
ncreased filling time. However, in cases in which the RV suffers a
isproportionate brunt of the restrictive process, diastolic pressure may
xceed LV pressure.

IG 19. Tracings of left ventricular (LV), right ventricular (RV), and pulmonary capillary wedge
PCW) pressures obtained from a patient with restrictive cardiomyopathy. Note the concordant
hanges in LV and RV pressures, despite end-diastolic pressure equalization and dip plateau
orphology. There is also a lack of variability in the early diastolic PCW-LV gradient with

espiration. Higano ST, Azrak E, Tahirkheli NK, Kern MJ. Hemodynamic rounds series II:
emodynamics of constrictive physiology: influence of respiratory dynamics on ventricular
ressures. Cath Cardiovasc Inter 1999;46:473-86.
urr Probl Cardiol, September 2004 553



p
c
l
t
(
p
s
o
a
r

F
“
n
i
N
i
4

5

In contrast to constriction, in RCM inspiratory changes in intrathoracic
ressure are fully transmitted through the pericardium to the cardiac
hambers. However, chamber non-compliance contributes to a relative
ack of respiratory variation in cardiac filling16,71,77,107-110 and mitral and
ricuspid flow velocity during atrial contraction are typically decreased
which may reflect atrial contractile dysfunction). Because of the lack of
ericardial constraint and a relatively noncompliant interventricular
eptum, there is lesser ventricular interdependence and inspiratory effects
n ventricular systolic pressures are concordant (Fig 19), not discordant
s in constriction.16,71,77,107 As the restrictive process progresses and
ight-sided chambers become less distensible, the respiratory swings in

IG 20. Simultaneous recordings of left ventricular and right atrial pressures. Note the marked
W” or “M” pattern in the right atrial pressure tracing with prominent X and Y descents and with
o fall with inspiration (Kussmaul’s sign). The nasal respirometer tracing is also shown. Insp,
nspiration; Exp, expiration; LV, left ventricle; RA, right atrium. Higano ST, Azrak E, Tahirkheli
K, Kern MJ. Hemodynamic rounds series II: hemodynamics of constrictive physiology:

nfluence of respiratory dynamics on ventricular pressures. Cath Cardiovasc Inter 1999;46:
73-86.
54 Curr Probl Cardiol, September 2004
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ressure diminish further. In its ultimate form, there is no respiratory
ariation (Fig 19), with an unchanged mean or even elevated pressure
Fig 20).

artial Constriction and Mixed
onstrictive–Restrictive Disease
The diseased pericardium may constrain the cardiac chambers but not
ecessarily constrict the heart in a concentric pattern (eg, post-pericar-
iotomy after cardiac surgery), thereby resulting in “uneven” effects and
typical pathophysiologic features. Patients with partial constriction may
ot manifest equalized filling pressures or typical phasic respiratory
scillations. Under conditions in which pericardial effusions (particularly
f the post-surgical hemorrhagic type) evolve over time into a constrictive
hysiology, a state of effusive–constrictive hemodynamics may develop,
esulting in a hybridized hemodynamic state. Such patients manifest
iventricular diastolic dysfunction with elevated and equalized filling
ressures, but if there is sufficient pericardial compliance to allow
nspiratory augmentation of venous return, intrapericardial volume com-
etition may result in pulsus paradoxus instead of Kussmaul’s sign.
onstriction and restriction may also co-exist in some patients (eg,

nflammatory myopericarditis or post-irradiation), who manifest a mixed
hysiology of constriction and restriction, with Doppler echo demonstrat-
ng diastolic flow reversals during both inspiration and expiration. In
atients with combined pericardial–myocardial disease, restrictive phys-
ology and symptoms may persist even after successful surgical pericardi-
ctomy, owing to intrinsic abnormalities of ventricular compliance.

reatment of Restrictive Cardiomyopathy
Since few cases of RCM have treatable primary disease etiologies,
anagement is based on diuretics to treat venous congestion in the

ulmonary systemic circulations. However, excessive diuretic use in
atients with restriction may reduce ventricular filling pressures leading
o decreased cardiac output and symptoms of fatigability and light-
eadedness and even signs of hypotension and hypoperfusion. Digoxin
hould be used with caution, since it is potentially arrhythmogenic,
articularly in patients with amyloidosis. The development of atrial
brillation and concomitant loss of atrial contractile contribution to filling
f these stiff ventricles may worsen existing diastolic dysfunction and low
utput and a rapid ventricular response may further compromise cardio-
ascular function. It is therefore important to maintain sinus rhythm and
ther medications than Digoxin may be useful including amiodarone.
urr Probl Cardiol, September 2004 555
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hen systolic dysfunction ensues, vasodilators are helpful. Depending on
he cause, cardiac transplantation may be considered but is often contra-
ndicated because of the underlying primary disease such as amyloidosis.

ifferential Features of Constriction versus
estriction
Constrictive pericarditis and restrictive cardiomyopathy are remarkably

imilar in their clinical presentation and diagnostic features, but distinctly
ifferent entities in terms of their clinical course. Patients with CP and
CM suffer symptoms attributable to biventricular diastolic dysfunction.
ystemic venous congestion related to right heart non-compliance typi-
ally predominates, characterized by pedal edema, abdominal swelling,
nd gastrointestinal symptoms related to hepatic/bowel congestion. Pa-
ients usually also complain of dyspnea on exertion attributable to left
eart diastolic dysfunction. In both conditions, the stiff heart has limited
bility to increase cardiac output with exercise, resulting in fatigability.
onstriction is “curable” through surgical pericardiectomy, whereas

estrictive cardiomyopathy is treated by palliative measures, and rarely if
ver cured. Because of this important distinction in therapeutic
mplications, accurate differentiation of these entities is crucial.71,77,107

ince the clinical presentation of these two entities is often similar,
eparating them on the basis of anatomic and physiologic derange-
ents is essential and requires the use of techniques that visualize the

ardiac chambers and the pericardium, in conjunction with modalities
hat delineate the physiologic manifestations of the anatomic abnor-
alities (Tables 6, 7, and Fig 21).

ABLE 6. Constriction vs. Restriction

Constriction Restriction

XR Pericardial calcification None
D Echo Small ventricles Small ventricles

Dilated area Dilated atria
Thick pericardium

oppler INSP 2 MV flow Minimal respiratory variation
INSP 1 MV flow

emodynamics Elevated equal diastolic pressures Elevated equal diastolic pressures
RV dip and plateau RV dip and plateau
PA systolic pressure �40 PA systolic pressure �40
Ventricular discordance Ventricular concordance

T/MRI Thick pericardium Normal pericardium
iopsy Normal Abnormal
56 Curr Probl Cardiol, September 2004
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on-invasive Evaluation
The chest X-ray in both constriction and restriction reveals a small

ardiac silhouette. In constriction, pericardial calcification may be evident
particularly in tuberculous or post-traumatic constriction). In both
onditions, the right superior mediastinum may be enlarged owing to
ilatation of the superior vena cava. Enlargement of the left atrium is not
ncommon. Pleural effusion may be present (reflecting chronic severe
ight heart failure), but even though pulmonary venous pressure is
hronically elevated, pulmonary infiltrates are uncommon. In both con-
itions, the ECG is nonspecific but often reveals diffuse low voltage with
onspecific ST-T changes. Atrial arrhythmias including atrial fibrillation
ay be present, related to underlying myocardial abnormalities, epicar-

ABLE 7. Constriction vs Restriction

� Diagnosis has important therapeutic implications
� Similar clinical presentation: chronic RHF
� Historical etiologic clues helpful, but not definitive
� No differentiating features by physical exam
� Thick pericardium not necessarily constrictive
� Restrictive processes may constrict (E.G.

radiation)
� Echo and hemodynamic features overlap
� Pericardial thickness and myocardial histology key

IG 21. Constriction vs restriction.
ial inflammation and calcification, as well as atrial dilatation.

urr Probl Cardiol, September 2004 557
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In constriction, echocardiography typically demonstrates small ventri-
les with intact systolic function. However, in some cases LV contrac-
ility may be impaired and global ejection fraction is depressed. The atria
ay dilate owing to the compliance abnormalities of the ventricles and

ppear relatively large compared to the constricted ventricles. In constric-
ion, impaired filling early in diastole may be manifest as “bounce” of the
nterventricular septum and/or LV posterior wall. An abnormal echo
ontour at the reflection of the pericardium to the posterior left atrial wall
ay be seen. Engorgement of the systemic venous circulation may be
anifest as dilatation of the inferior vena cava and hepatic veins, with

lunted respiratory fluctuation (“plethora”). Restriction typically results
n small ventricles with enlarged atria. However, in some cases of RCM
eg, late amyloidosis), ventricular performance is impaired resulting in
entricular dilatation and dysfunction. Although restriction is often
ndistinguishable from constriction by two-dimensional echo, in some
ases restrictive patterns may be distinct, as in the thick hyper-refractive
yocardium seen in amyloid.
Characteristic respiratory variations in Doppler flow velocities in
atients with constriction not seen in patients with restriction include
25% expiratory increase in mitral E velocity and expiratory decrease

n hepatic vein diastolic flow velocity; �25% increase in diastolic flow
eversals compared with inspiratory velocity; greater respiratory
ariation in pulmonary venous flows; and systolic flow velocity lower
han diastolic velocity throughout respiration.77,78 Although Doppler
chocardiographic data in combination with clinical and hemody-
amic findings help arbitrate the differentiation of constriction vs.
estriction, these Doppler techniques may show overlap, may be
on-specific, and have not been sufficiently validated in large number
f patients to be considered absolutely reliable in the critical differ-
ntiation of constriction vs. restriction. The most distinctive distin-
uishing feature differentiating constriction and restriction is anatom-
cal, not physiologic: In patients with constriction, the pericardium is
lmost always thickened, whereas in restriction it is not. Therefore,
maging of the pericardium is crucial.

nvasive Hemodynamic Evaluation
Hemodynamic studies have attempted to delineate criteria to distinguish

onstrictive pericarditis from restrictive cardiomyopathy. However, be-
ause there is substantial overlap in hemodynamic features which reflect
imilarities in pathophysiology rather than differences in disease mecha-
ism, definitive differentiating parameters have been lacking. Although
58 Curr Probl Cardiol, September 2004
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levated and equalized diastolic filling pressures with demonstrating of
V “dip and plateau” pattern favors a constrictive process, restrictive
ardiomyopathy may show similar findings. Furthermore, diastolic pres-
ures may not be equalized in patients who have constriction that is
nequal, or when additional myocardial pathology is present. Conditions
ssociated with intrinsic cardiac disease may result in disproportionate
levation of filling pressures on one side of the heart which may impact
he manifestations of external pericardial resistance, and thereby preclude
qualization of filling pressures that would otherwise be present in
onstriction. Hemodynamic challenges including rapid volume loading,
eg elevation, or exercise to effect a disproportionate rise in LV diastolic
ressure which would be thought to be helpful in identifying restriction
ave similarly not been sufficiently diagnostic. The finding of enhanced
entricular interaction in constriction resulting in respiratory discordance
f ventricular systolic pressures characterized by inspiratory decrease in
V but increase in RV systolic pressure has been proposed as a reliable
emodynamic factor to distinguish constriction from restriction, as has
ack of respiratory variation in mean right atrial pressure. The presence of
ild–moderate pulmonary hypertension favors the diagnosis of restric-

ion, but may occur in constriction owing to pre-existent left heart or
ntrinsic pulmonary disease. Unfortunately, the overall specificity and
ensitivity of these hemodynamic criteria, both alone and in combination,
ave not been sufficient to provide a basis for definitive diagnosis of
onstriction versus restriction in individual patients.

linical Algorithms To Differentiate Constriction
rom Restriction
The most distinctive feature differentiating constriction and restriction

s pericardial thickening. Therefore, imaging techniques which delineate
his anatomic distinction provide a basis for a therapeutic algorithm to
valuate such patients. Unfortunately, the presence or absence of pericar-
ial thickening cannot always be used for the definitive diagnosis of
onstrictive pericarditis. It must be emphasized that the finding of
ericardial thickening should not be construed as the equivalent of a
hysiologic disorder, for a thickened pericardium does not necessarily
onstrict. For example, pericardial thickening can be present in patients
ithout physiologic constriction, particularly with tuberculosis or after
pen-heart surgery. Conversely, there can be physiologic pericardial
onstriction with normal-appearing pericardium by sophisticated imaging
odalities. Only after obtaining non-invasive and hemodynamic docu-
entation of constrictive/restrictive physiology can imaging data be used
urr Probl Cardiol, September 2004 559
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o arbitrate between these conditions. In patients with a clinical presen-
ation, echo-Doppler findings, and hemodynamic features consistent with
P, documentation of a thickened pericardium is sufficient to warrant

urgical exploration and pericardiectomy. In patients with a clinical
icture and/or echo-Doppler pattern suggesting RCM, constriction still
ust be excluded through imaging studies to assess pericardial thickness.

n those patients in whom the pericardium is not thickened, assiduous
linical search for disease entities that result in restriction (amyloidosis,
emochromatosis, scleroderma, etc.) will often result in delineation of the
nderlying etiology. Although clinical features and biochemical testing
serum/urine protein electrophoresis, iron studies, etc.) may be sufficient
o establish an etiology or restriction, endomyocardial biopsy may be
ecessary to confirm its presence in the heart. In patients with clinical
eatures consistent with constriction–restriction, endomyocardial biopsy
stablishes the diagnosis of specific forms of restrictive cardiomyopathy
n up to 39% of patients, thereby potentially obviating the need for
horacotomy.111 However, the co-existence of pericardial constriction
ay co-exist with active myocarditis, post radiation cardiomyopathy, or

ther forms of cardiomyopathy. Therefore, although endomyocardial
iopsy may document a specific form of restrictive cardiomyopathy, this
ata alone are not sufficient to exclude constriction. Clearly, imaging the
ericardial thickness is of crucial importance.
In patients with clinical and echo-Doppler findings consistent with

ither CP or RCM, cardiac catheterization should be performed with
ocumentation of pericardial thickness by CT or MRI “in hand.”
mploying this strategy, if pericardial thickness is increased and hemo-
ynamic findings are characteristic of constriction, such patients can be
ent for surgical pericardiectomy without endocardial biopsy. However, if
he Doppler pattern is restrictive, the imaging study fails to demonstrate
ncreased pericardial thickness, or there are any other discordant clinical-
oninvasive invasive findings, then endomyocardial biopsy can be per-
ormed at the time of cardiac catheterization. Routinely performing the
ericardial imaging study prior to catheterization thereby avoids the
ecessity of additional invasive procedure for biopsy alone. Finally, it is
mportant to emphasize that some patients with severe pericardial
onstriction proven at surgical exploration may have normal pericardial
hickness by imaging techniques. Accordingly, in patients with severe
linical manifestations, lack of increased pericardial thickness and normal
ndomyocardial biopsy, exploratory thoracotomy with provisional
lanned pericardiectomy should be considered.
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