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Normal Pericardium

• Fibroserous sac

• Visceral and parietal layers

• Normally contains ≈ 25 ml fluid

• Normal pericardium ≤ 2 mm thick

• Abnormal  ≥ 4 mm thick



Pericardium is a 2-layered sac

• Parietal outer, thicker, fibrous layer

• Visceral  thin, inner, serous layer



Anterior Portion of Pericardial Sac Removed

Note:  Proximal portions of great vessels are intrapericardial

modified from Klein J Am Soc Echocardiogr 2013;26:965-1012



CT “Pericardiogram”

Iodinated contrast inadvertantly injected into pericardial

space during an attempted pulmonary angiogram

Wann and Passen  J Am Soc Echocardiogr  2008;21:7-13



Pericardial Syndromes

• Pericarditis

• Pericardial effusion

• Cardiac tamponade

• Constrictive pericarditis

- Acute pericarditis

- Recurrent pericarditis

- Incessant and chronic pericarditis

- Myopericarditis

- Chronic constrictive pericarditis

- Effusive-constrictive pericarditis

- Transient pericarditis



Specific Etiologies of Pericardial Syndromes

• Viral pericarditis

• Bacterial pericarditis  (purulent pericarditis and Tbc)

• Pericarditis in renal failure

• Pericardial involvement in autoimmune and

• Post-cardiac injury syndromes

• Traumatic pericardial effusion and hemopericardium

• Pericardial involvement in neoplastic diseases

• Misc: 

autoinflammatory disease

- Radiation pericarditis

- Drug-related pericarditis and pericardial effusion

- Pericardial effusion in pulmonary hypertension



Initial Assessment Imaging

• Echo

• CT-scan

• CMR

(first-line)

• Careful history

• Physical exam

• ECG

• Chest X-ray



Pericardial Diseases

• Wide spectrum or pericardial diseases

• Imaging essential for dx, complications, mgt

• 3 main techniques:  Echo, CT, MRI

• Each has strengths and limitations

• Often complementary: may need 1 or multiple

• TTE is first-line imaging modality



Why Echo is Firstline Imaging Test

• Readily, widely available, portable

• Low cost, safe

• Can be performed at bedside

• Can be performed in urgent situations

• Can be performed with respirometer

• Comprehensive  anatomy and physiology



Limitations of TTE

• Dependence on good windows

• Inability to image entire pericardium

• Limited tissue characterization

• Not accurate for pericardial thickness
(CT and MRI superior for thickness)



Strengths of CT-scan

• Measurement of pericardial thickness

• Evaluation of associated/extracardiac disease

• Detection of pericardial calcification

• Pre-operative planning

(pleural effusions, postradiation fibrosis, malignancy, 

cirrhosis, ascites)



CT-Scan for Pericardial Disease

• CT attenuation of peric. similar to myocardium

• Pericardium can only be seen when 

• Appears as thin line on anterior surface

• Esp. useful for detecting calcification

surroundedby fat

continued . . . .



CT-Scan for Pericardial Disease

• Useful for size of atria and vena cavae

• Character of pericardial fluid:

Pericardial effusion      

Hemorrhagic effusion   

Purulent effusion          

0-20 Hounsfield units

≥ 30 Hounsfield units

≥ 50 Hounsfield units



Limitations of CT-scan

• Ionizing radiation;  iodinated contrast

• Functional evaluation

• Difficult in cases of arrhythmias

• Need for breath hold

• Hemodynamically stable patients only

(only possible with retrospective-gated studies)



Cardiac MRI for Pericardial Effusion

• More detailed visualization than TTE

• May help differentiate transudate vs exudate

• Useful in myopericarditis

(especially loculated or regional)

- Myocardial edema

- Hyperremia (capillary leak)

- Myocardial fibrosis



Limitations of MRI

• Time consuming, high cost

• Difficult in cases with arrhythmias

• Calcifications not well-visualized

• Gadolinium

• Need for breath hold

• Hemodynamically stable patients only

(not recommended if GFR < 30 mL/min)



Klein  ASE Consensus Statement  J Am Soc Echocardiogr 2013;26:965-1012

Table 1  Comparison of multimodality imaging modalities in the evaluation of pericardial diseases



Rajiah  AJR 2011;197-Oct:W621-W634

Cardiac MRI for the Pericardium



Features 

Rajiah  AJR 2011;197-Oct:W621-W634

Cardiac MRI for the Pericardium

Features that Differentiate Thickening and Effusion



What Do CT and MRI Add  ?

• Measurement of pericardial thickness

• Distribution of pericardial calcium

• Evaluation of pericardial inflammation

• Functional effects of the constrictive process



When to Utilize CT and/or MRI

• Inconclusive TTE and ongoing clinical concern

• Failure to respond promply to anti-inflammatory rx

• Prior to pericardiectomy  (pre-op planning)

• Search for a specific cause

• Suspicion of constrictive pericarditis

• Concern for transient constriction

• Acute pericarditis in the setting of acute MI,

neoplasm, lung or infection, or pancreatitis



Fat



After a two year loan to the United States,

Michelangelo’s David is being returned to Italy.



His proud sponsors were:



Fat



Pericardial Effusion vs Fat

• Increases with age and obesity

• Usually present only anteriorly

• Slightly higher echo-density than effusion

• CT is more definitive

Epicardial Fat



Parietal Pericardium

modified from Klein J Am Soc Echocardiogr 2013;26:965-1012

Parapericardial fat

Epicardial fat

over RV



Wm. C. Roberts Chief Editor Formaldehyde

1983  5% hearts floated

2016   52% hearts floated



Case
62 year-old obese male

STEMI

Epicardial and paracardial fat



Case
VW  - 71 year-old woman

64”  186 lbs

BP 170/88

Epicardial fat within pericardial fluid



Pericarditis



Note:  Pericardial effusion present

in only ≈ 50% of patients

Acute Pericarditis



Acute Pericarditis with Small or No Effusion

(non-complicated effusion)

TTE to confirm clinical diagnosis

Cosyns  EACVI Position Paper  Eur Heart F – CV Img 2015;16:12-31

CMR to confirm clinical diagnosis if clinical 

context of myocarditis

CT/CMR to confirm clinical diagnosis if  

echo inconclusive

TEE if poor TTE quality of imaging

TTE for follow-up

Recommended

Recommended

Not recommended

Not recommended

Not recommended



Acute Pericarditis with Complicated Course and/or

Moderate-to-Severe Effusion and No Tamponade

TTE to confirm clinical diagnosis

TEE if poor TTE quality

TTE to indicate, contraindicate pericardiocentesis

TTE to guide and for f/u of pericardiocentesis

CT/CMR to confirm clinical diagnosis in case 

of high suspicion of aortic dissection

CT/CMR to confirm clinical diagnosis in case

of trauma or associated disorders

CT/MRI to confirm clinical diagnosis if echo

inconclusive

CMR to confirm clinical diagnosis of myocarditis

CMR for f/u of pericardiocentesis

TTE for follow-up

Recommended

Recommended

Recommended

Recommended

Reasonable

Reasonable

Reasonable

Recommended

Reasonable

Reasonable

Cosyns  EACVI Position Paper  Eur Heart F – CV Img 2015;16:12-31



Effusion



JAMA,  March 1, 1965     Vol 191, No 9

Harvey Feigenbaum, MD, John A. Waldhausen, MD, and Lloyd P. Hyde, MD



Pericardial Effusion

Role of Echocardiogram

• Detection of pericardial effusion

• Semiquantitation of pericardial effusion

• Determine hemodynamic significance 

• Determine best site for pericardiocentesis

of pericardial effusion



Cosyns  EACVI Position Paper  Eur Heart J – CV Img 2015;16:12-31

Estimation of Amount of Pericardial Effusion

(perpendicular to ventricular walls in diastole)

Minimal pericardial effusion

< 1 cm

1 – 2 cm

> 2 cm

Seen only in
systole

~ 300 mL

~ 500 Ml

typically > 700 mL











Size of Pericardial Effusions

Trivial

Small

Moderate 

Large

Very large

only in systole

< 1 cm

1 to 2 cm

> 2 cm

> 2.5 cm

Grade
Echo-free space

(end-diastole)

Klein  ASE Consensus Statement  J Am Soc Echocardiogr 2013;26:965-1012

Semiquantitative Grading



Size of Pericardial Effusions

Arbitrary Partitions

Small

Moderate 

Large

50 – 100 mL

100 – 500 mL

> 500 mL

Klein  ASE Consensus Statement  J Am Soc Echocardiogr 2013;26:965-1012



Adler  2015 ESC Guidelines  Eur Heart J  2015;36:2921-2964

Classification of Pericardial Effusion

Onset

Size

Distribution

Acute
Subacute
Chronic  (> 3 months)

Mild < 10 mm
Moderate 10-20 mm
Large > 20 mm

Circumferential
Loculated

2015 ESC Guidelines



2.0 cm

3.0 cm

4.2 cm 6.6 cm

285 cc 525 cc

1 cm circumferential rim of pericardial effusion

V =      π r3
4
3



Case

Pericardial and pleural effusion

SM  - 51year-old woman



Case

Pericardial effusion and thickened pericardium

RC  - 69 year-old woman



Case

Small pericardial effusion and RA collapse

No tamponade

MLD  - 74 year-old woman



Case
RD  - 77 year-old man

Massive pericardial effusion



Case
GR  - 53 year-old man

“Swinging Heart”



GR  - 53 year-old man, longtime cigarette smoker

July, 2011  pain in “neck muscles”

PMD  Chest X-ray  suspicious mass

Chest CT bilat. nodules & hilar lymphadenopathy

Fine needle aspiration supraclavic node  cancer

Squamous cell lung cancer

Began cisplaten/pemetrexed chemotherapy

2D-echo performed



Case
LD  - 70 year-old woman

Fluid around LA-appendage



Case
LAA surrounded by fluid



Case
Moderate size effusion

RA invagination relatively short



Case
TEE





Left pleural effusion  - Tiger claw left



Right pleural effusion  - Tiger claw right



Case



Which of the following is the best

explanation for this echo-free space ?

A. Pericardial effusion

B. Pleural effusion

C.Ascites

D.Mediastinal fluid

E. Pericardial cyst





Conclusions:  The FL can be readily visualized

on TTE in the subdiaphragmatic view and can

aid in the differential diagnoses of translucent

space around the right heart border and the liver.  

The presence of the FL in this echolucent space 

denotes ascites.

J Am Soc Echocardiogr 2006;19:1074



Falciform Ligament



Tamponade



Tamponade not all-or-none phenomenon



Pericardial effusion

Severity of
tamponadeEcho tamponade

Hemodyn tamponade

Clinical 
tamponade



Tamponade



Accumulation of fluid in the pericardium

in an amount sufficient to cause

restriction to filling

Cardiac Tamponade

Defintion



Pathophysiology of Tamponade

Accumulation of fluid in pericardial sac

Rise in intrapericardial pressure

Increase in ventricular filling pressures



Greater interdependence of ventricles

when heart constrained by fluid

Filling of one ventricle influences

filling of the other

Pathophysiology of Tamponade



Inspiratory increase in RV volume occurs
at expense of LV cavity

Septum shifts toward LV

Reduces LV filling

Reduces stroke volume

Pathophysiology of Tamponade



Tamponade (in inspiration)

Inspiration:     pericardial pressure falls from 20 to 18 mmHg

venous return increases  (arrows)

right heart volume increases  (septal bulging)



Extrapericardial venous pressure

falls more than intracardiac pressure

during inspiration

Reduces LV filling

Reduces stroke volume

Pathophysiology of Tamponade



Development of Tamponade

Depends On:

• Distensibility of the pericardium

• Amount of fluid

• Speed of fluid accumulation



Volume

P
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re

Rapid Pericardial Effusion

Cardiac 
Tamponade

Pericardial reserve volume

Limit of
pericardial 
stretch

Volume

P
re

s
s
u

re

Slow Pericardial Effusion

Cardiac 
Tamponade

Pericardial reserve volume

Limit of
pericardial 
stretch

Pericardial Pressure-Volume Curves



Cardiac Tamponade

2D-Echo Features

• RA diastolic collapse

• RV diastolic collapse

• Reciprocal variation in ventricular chamber

• LA end-diastolic collapse

• Lack of IVC inspiratory collapse

• Swinging heart

• LV pseudohypertrophy

size throughout respiratory cycle



RA Systolic Collapse

• Inversion/collapse RA free wall

• Longer duration of inversion likely 

tamponade

• Inversion>1/3 systole   
94% Sensitive

100% Specific

http://images.google.com/imgres?imgurl=http://www.rjmatthewsmd.com/Definitions/img/36afigure.jpg&imgrefurl=http://www.rjmatthewsmd.com/Definitions/pericareff.htm&h=302&w=259&sz=34&hl=en&start=10&tbnid=WCDN4WnnvjJBFM:&tbnh=112&tbnw=96&prev=/images%3Fq%3DPericardial%2BTamponade%26svnum%3D10%26hl%3Den%26lr%3D%26rls%3DGGLR,GGLR:2005-44,GGLR:en%26sa%3DN


Cardiac Tamponade

Diastolic Collapse of Right Ventricle



RV Diastolic Collapse

• Intrapericardial pressure>RV diastolic 

pressure

• Sensitivity   

• Specificity  

60-90%

85-100%

http://images.google.com/imgres?imgurl=http://www.rjmatthewsmd.com/Definitions/img/36afigure.jpg&imgrefurl=http://www.rjmatthewsmd.com/Definitions/pericareff.htm&h=302&w=259&sz=34&hl=en&start=10&tbnid=WCDN4WnnvjJBFM:&tbnh=112&tbnw=96&prev=/images%3Fq%3DPericardial%2BTamponade%26svnum%3D10%26hl%3Den%26lr%3D%26rls%3DGGLR,GGLR:2005-44,GGLR:en%26sa%3DN


Cardiac Tamponade

Doppler Features

• Exaggerated inspiratory decrease in

• Exaggerated inspiratory increase in

• IVC/SVC:  decrease in flow velocity with exp’n

mitral inflow velocity

tricuspid inflow velocity



Cardiac Tamponade

Mitral Inflow Pattern



Cardiac Tamponade

Diastolic Collapse of Right Ventricle



Cardiac Tamponade

Right Atrial Collapse



Circulation  68, No. 2, 294-301, 1983



Right Atrial Inversion

Cardiac 

tamponade

No cardiac 

tamponade

RA inversion

No RA inversion

19

0

19

85

Sensitivity

Specificity

100%

82%

Pred Value

Accuracy

50%

85%

Gillam  Circulation 1983;68:294-301 P < 0.001



Gillam  Circulation 1983;68:294-301

Duration of RA Collapse



Separation of Groups by 

RA Inversion Time Index

Cardiac 

tamponade

No cardiac 

tamponade

RAITI >0.34

RAITI <0.34

17

1

0

18

Sensitivity

Specificity

94%

100%

Pred Value

Accuracy

100%

97%

Gillam  Circulation 1983;68:294-301 P < 0.0005





Tamponade

Case 



Case
AR  - 24 year-old woman

Tamponade



Cardiac Tamponade after

Cardiac Procedures

Coronary interventions

EP procedures

Cardiac surgery

0.2%

0.2 – 0.5%

1.5 – 2.0%



Constriction



Circ Cardiovasc Imaging  2014;7:526-534



Constrictive Pericarditis

Definition

An abnormally thickened* and rigid pericardium

which causes restriction to diastolic filling

* note: up to 20% of pts have normal pericardial thickness



Constrictive Pericarditis

Pathophysiology

• Thickened, scarred, and sometimes

calcified pericardium

• Impairs diastolic filling of heart

("imprisons" the heart)

• Elevated and equal diastolic pressures

in all 4 chambers

• RA and JVP may increase with

inspiration  (Kussmaul's sign)



Constrictive Pericarditis

Hemodynamic Characteristics

• Pericardial resistance in later 2/3 diastole

• Elevation and equalization of diastolic pressures

• Venous return biphasic: prominent “X” and “Y”

• Insp augmentation of venous return blunted

• Kussmaul’s sign

• Pulsus paradoxus uncommon (33%)

• Ventricular discordance

intracardiac volume, SV, CO



Constrictive Pericarditis

Etiologies   (1985 to 1998)
n = 212

Idiopathic

Cardiac
surgeryPericarditis

Radiation

Infection

Collagen

Others

27%

22%
16%

12%

5%
7%

11%

Ling  Circulation  100:1380(1999)



Constrictive Pericarditis

WHC  A90-047



Constrictive Pericarditis

WHC  A90-047



WHC  A90-047

Constrictive Pericarditis



CP results from thickening of pericardium

Layers become adherent

Limits diastolic distensibility

Dissociation of intrathoracic and intracardiac

pressures with respiration

Increased LV and RV interdependence

Hinders diastolic filling

Pathophysiology of Constrictive Pericarditis



Constrictive Pericarditis

Pathophysiology

1. Dissociation of intrathoracic and 

intracardiac pressures

2. Enhanced ventricular interaction

2 keys



Normal Physiology 

Inspiratory decrease in intrathoracic 

pressure is transmitted to the heart 

INSINS

LVLV

PVPV

IT

IT   =  intrathoracic

PV =  pulm veins

IP  =  intrapericardial

IT

EXP

IP

PV EXP



Constriction Physiology 

IT

EXP
INSINS

LVLV

PVPV

ITIT

Inspiration results in a LV filling pressure gradient due to smaller 

pressure decrease in the pericardium and LV compared to PCWP

IP

PV
EXP



Constriction (in inspiration)



LA

LA

RA

RA

RV

RV

LV

LV

Thickened 

pericardium

DS Hepatic vein Pulm vein

IP

PCW
Inspiration

Expiration



These dynamic changes can be used to

diagnose constrictive pericarditis and to

differentiate CP from restrictive CM



Constrictive Pericarditis

Diagnosis

• Dx can be straightforward when clinical, hemo-

dynamic, and echo-Doppler findings typical

• But dx often elusive, even after extensive 

evaluation

• Echo-Doppler  initial and key test



Constrictive Pericarditis

Echo-Doppler Findings



Constrictive Pericarditis

M-Mode Echo

• Ventricular dimensions usually normal

• Ventricular function is preserved

• Pericardial thickening  (only up to 40%)

• Left atrial enlargement  (75%)

• Premature pulmonic valve opening  (≤10%)

• Paradoxic septal motion  - "diastolic septal bounce"

• Diastolic flattening of LV posterior wall motion

MRI and CT
superior





Case 28

S1

S2

XXX X



Latasha Bowser

MR 214-76-04

# 157655

Constrictive Pericarditis



K

Phonocardiogram and JVP Tracing





Loretta Young

MR 107-80-94Early opening of pulmonic valve c/w elevated RVEDP (eg constr peri, TR)



Constrictive Pericarditis

2D-Echo

• Ventricular dimensions usually normal

• Ejection fraction usually preserved

• Biatrial enlargement

• Diastolic "septal bounce"

• IVC usually dilated





Case



Latasha Bowser

MR 214-76-04

# 157655

Constrictive Pericarditis



Constrictive Pericarditis

Echo-Doppler

Miranda and Oh  Prog Cardiovasc Dis 2017;59(4):369-379



from Mayo Clinic



Medial velocity greater than lateral velocity

Annulus Reversus

Constrictive Pericarditis



Septal e’ Lateral e’

Medial velocity greater than lateral velocity

Annulus Reversus

Constrictive Pericarditis



from Mayo Clinic



Prominent diastolic flow reversals in expiration

Diastolic Hepatic Vein Reversal

Constrictive Pericarditis



Summary

Consider Constrictive Pericarditis

• Abnormal septal motion  “bounce”

• Dilated IVC and hepatic veins

• Restrictive filling pattern

• Exaggerated respiratory variation

• Normal tissue Doppler in CHF

• Expiratory diastolic reversal in hepatic veins



Pericardiocentesis

Discussed later  - Interventional echo




