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• Lower extremity edema, ascites and fatigue x 
4 years,  increasing over past 3 months.  

• Now with increasing ascites and DOE

• PMH:  Hypothyroidism

• Family History:  Unremarkable

• Meds:  Lasix 60 mg daily, spironolactone 100 
mg

Case: 34 y/o female with and Ascites and DOE



• Wt 55 Kg     BP 122/80     HR 76, regular.  

• JVP >14  

• Heart: RRR Nl s1, s2.  No murmur 

• Good distal pulses

• Chest:  Normal breath sounds

• Extremities: Trace-1+ mid shin LE edema

Physical Examination



Echo: Normal bi-ventricular size, wall thickness, and systolic 
function. Severe bi-atrial enlargement was visualized. There was 
diastolic flattening of  the interventricular septum indicating right 
ventricular (RV) volume overload, small patent foramen ovale (PFO). 
Her inferior vena cava (IVC) was dilated with no respiratory variation 
indicating a right atrial pressure (RA) of  approximately 15 mmHg. 
The pulmonary artery (PA) systolic pressure was estimated at 31 
mmHg. Tissue Doppler velocities of  the mitral annulus were normal.
There was no evidence of  a pericardial effusion.

Serology Negative -ANA, PPD, Normal SPEP/UPEP 

MRI: Focal, mild (7 mm) thickening of  the pericardium at RV

Work-up 



TEE revealing 
significant 
diastolic 
flattening of  the 
interventricular
septum.

Cardiac MRI - frame in early diastole revealing 
interventricular septal bounce towards left 
ventricle; and 9 cm area of  focal pericardial 
thickening anterior to the RA and RV. The 
maximal thickening was measured at 7 mm. 

Abnormal delayed enhancement MRI 
(consistent with inflammation) was present in 
both the thickened and the normal pericardial 
segments.
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Chest CT 
revealing 
asymmetric 
and focal 
anterior 
pericardial 
thickening



CATHSAP6:  Coronary Angiography and Intervention



Fixed pericardium exerts an equal contact pressure on all the chambers 
causing elevation and equalization of  diastolic pressure. Elevation and 
equalization of  diastolic pressures (within 5 mmHg) in all cardiac 
chambers is the hallmark of  pericardial constriction

Doshi et al i n d i a n h e a r t j o u r n a l 6 7 ( 2 0 1 5 ) 1 7 5 e1 8 2



Equalization of end diastolic pressure and 
Dip and Plateau-early Square root sign

‘Dip & plateau pattern’ or 
‘square root sign’: Early
diastolic filling of  the 
ventricles is unimpeded 
and abnormally
rapid, but late diastolic 
filling is abbreviated and 
halts abruptly when total 
cardiac volume expands to 
the volume limit set by the 
stiff  pericardium

LV rapid filling wave > 7 
also sign of  constrict. periDoshi et al i n d i a n h e a r t j o u r n a l 6 7 ( 2 0 1 5 ) 1 7 5 e1 8 2



Kussmaul’s Sign

Central venous pressure (CVP) and RA pressure fails to decline or 
sometime may increase (Kussmaul's sign) during inspiration due 
to dissociation of  thoracic and cardiac chamber pressures. 

<5 mm Hg and <3 mm Hg decrease in RA pressure has sensitivity of  >70% and 90% 
respectively, in diagnosing CCP

Doshi et al i n d i a n h e a r t j o u r n a l 6 7 ( 2 0 1 5 ) 1 7 5 e1 8 2



Right atrial pressure trace showing elevated mean atrial pressure (20 
mm Hg) with prominent ‘x’ and ‘y’ descent. The ‘y’ descent 
(Friedreich’s sign) is much more rapid and prominent than ‘x’ descent 
due to accentuated early diastolic filling of  ventricles with unyielding 
pericardium.

Doshi et al i n d i a n h e a r t j o u r n a l 6 7 ( 2 0 1 5 ) 1 7 5 e1 8 2

x descent, corresponds to right atrial relaxation and depression of the atrial floor during ventricular contraction, is normally dominant. 

y =Early diastolic filling of  LV



CATHSAP6:  Coronary Angiography and Intervention



Simultaneous RV and LV 
pressure shows ventricular 
discordance. During 
inspiration peak systolic  
pressure in LV is reduced with 
corresponding increase in RV 
pressure. The reverse occurs 
during expiration

Chronic constrictive pericarditis 
shows marked decrease in 
PCWP-LV diastolic pressure 
gradient during inspiration 
(single arrow) compared to 
expiration (double arrow)

Doshi et al i n d i a n h e a r t j o u r n a l 6 7 ( 2 0 1 5 ) 1 7 5 e1 8 2



Right atrial (RA) pressure trace showing 
elevated mean atrial pressure (20 mm Hg) 
with prominent ‘x’ (after QRS) and ‘y’ 
(after T) descent. The ‘y’ descent can be 
much more rapid and prominent than ‘x’ 
descent due to accentuated early diastolic 
filling of  ventricles. 

RV waveform revealed a dip and plateau 
pattern, indicating rapid early diastolic 
filling followed by an abrupt cessation, 
likely from pericardial constraint. RV 
end-diastolic pressure (EDP) was 
elevated at 20 mmHg and was greater 
than one-third the RV systolic pressure. 




image1.png






image1.png





PA pressures were only mildly 
elevated and certainly less than 
50 mmHg.

PCW pressures were only mildly 
elevated at 20 mmHg. 
Equalization of  diastolic filling 
pressure
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RV EDP and LV EDP 
were near equalized with a 
difference of  less than 5 
mmHg. 
LV rapid filling wave > 7 
mmHg.

The most sensitive and 
specific indicator of  
constriction, ventricular 
discordance
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COMPARATIVE HEMODYNAMICS
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Ventricular Interdependence During Respirations 
Differentiates Constrictive Pericarditis from 

Restrictive Cardiomyopathy

Constrictive
Pericarditis

(LV and RV discordant)

Restrictive 
Cardiomyopathy

(LV and RV concordant) 

Hurrell et al, Circulation 1996; 93:2007



Abnormal pericardium was 
described as 8 mm thick and 
leathery.

Surgical pathology 
subsequently revealed  dense 
fibrous tissue with focal mild 
chronic inflammation

Pericardium need not be globally thickened to 
cause hemodynamically significant constrictive 
physiology
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Case

 A 52-year-old man with a 3-day history of 
progressively worsening dyspnea on exertion 
to the point that he is unable to walk more 
than one block without resting. He has had 
sharp, intermittent, pleuritic chest pain and 
a nonproductive cough. He is taking no 
medications. 



Case

 Temp is 37.7 °C (99.9 °F), blood pressure is 88/44 
mm Hg, pulse is 125/min, and respiration rate is 
29/min; BMI is 27. Oxygen saturation is 95%. 

 Pulsus paradoxus is 15 mm Hg. JVP is 12 cm H2O. 
Cardiac examination discloses muffled heart 
sounds with no rubs. Lung auscultation reveals 
normal breath sounds and no crackles. There is 2+ 
pedal edema. 

 ECG: NSR   CXR: cardiomegaly



F N Delling

Swinging heart-Electrical 
alternans






Beginning of systole

ES DC

M-mode
time motion display of  the ultrasound wave along a chosen ultrasound line. 

It provides a monodimensional view of  the heart.

FN Delling 2007

RV wall
Pericardial space



Cardiac Tamponade
 Compression of heart
 Occur acutely (trauma) or sub-acutely 

(malignancy)
 Symptoms- chest pain, confusion, anxious,  

elevated CVP/JVD,  restless, muffled 
heart sounds

 Later- tachypnea, tachycardia, and 
decrease CO, hypotension and pulsus
paradoxus

 With slow onset- dyspnea may be only 
symptom

 If rapid compression-Medical Emergency 

http://en.wikipedia.org/wiki/Cardiac_tamponade


Summary of  physiologic 
changes in tamponade. RV, 

right ventricle. (From 
Shoemaker WC, Carey JS, Yao 

ST, et al: Hemodynamic 
monitoring for physiological 
evaluation, diagnosis, and 

therapy of  acute 
hemopericardial tamponade
from penetrating wounds. J 

Trauma 13:36, 1973; and 
Spodick D: Acute cardiac 
tamponade: Pathologic 

physiolog y, diagnosis, and 
management. Prog Cardiovasc

Dis 10:65, 1967.)



Grade
Pericardial 

Volume 
(mL)

Cardiac
Index MAP CVP HR Beck's Triad

I <200 Normal or ↑ Normal ↑ ↑ usually not present

II ≥200 ↓ Normal 
or ↓

↑ 
(≥12 cm H2O) ↑ May or may not be 

present

III >200 ↓↓ ↓↓
↑↑ 

(≤30–40 cm 
H2O)

↓ Usually present

From Shoemaker WC, Carey SJ, Yao ST, et al: Hemodynamic monitoring for physiologic 
evaluation, diagnosis, and therapy of  acute hemopericardial tamponade from penetrating 

wounds. J Trauma 13:36, 1973.



Case

 Temp is 37.7 °C (99.9 °F), blood pressure is 88/44 
mm Hg, pulse is 125/min, and respiration rate is 
29/min; BMI is 27. Oxygen saturation is 95%. 

 Pulsus paradoxus is 15 mm Hg. JVP is 12 cm H2O. 
Cardiac examination discloses muffled heart 
sounds with no rubs. Lung auscultation reveals 
normal breath sounds and no crackles. There is 2+ 
pedal edema. 



Femoral artery pressure

inspiration

expiration



RA- mean pressure 18 mmHg



RV – diastolic pressure 18-20 mmHg



PA – diastoilic pressure 18-22 mm Hg



Mean PCW 18-20 mmHg

PCW



Pericardial pressure

RA pressure



Removal of  60 ml of  pericadial fluid - RA and 
pericardial pressures are equal and falling



Removal of  120 ml of  fluid – pericardial pressure < RA pressure



Femoral artery pressure – no pulses paradoxus

Mean RA pressure = 10 mm Hg after 240 ml fluid removed



Pericardial effusion — impending tamponade



Then fall in HR and BP…loss of 
consciousness…TAMPONADE…imminent death



Removal of pericardial fluid



Pericardial drain in place…more fluid 
removed…patient doing well and talking one hour 

after procedure



Seen under fluroscopy after 
pericardiocentesis

Initial Pericardiocentesis What is seen after Pericardiocentesis



Seen with Echo

Initial Pericardiocentesis What is seen after Pericardiocentesis



Thanks!

End – questions?
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