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Intrapericardial & Intrapericardial & IntrathoracicIntrathoracic
PressuresPressures

Physiology of RespirationPhysiology of Respiration

Ventricular
Interdependence

Doppler flowDoppler flow
MVTV

AVPV

Respirophasic variation
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PhysiologyPhysiology

Fibrous Capsule 
Parietal and visceral layers
Pericardial Space(PS) - 25-50 mL
Visceral surface creates PEF

Total volume of the Pericardium
100cc/chamber =       400 cc
pericardial effusion = 50  cc

Total                        = 450 cc

PathophysiologyPathophysiology

As Volume increases pressure increases 
Initially manifest as abnormal diastolic 
function
RV thin walled structure more susceptible 
to pressure changes
Ventricles now fill against the common 
pressure of pericardium
If RV increases, LV must decrease
Ventricular interdependence
Increased respiratory variation across 
valves Total volume of the Pericardium

100cc/chamber =       400 cc
pericardial effusion = 150  cc

Total                        = 550 cc

PathophysiologyPathophysiology

Total volume of the Pericardium
100cc/chamber =       300 cc
pericardial effusion = 250  cc

Total                        = 550 cc

Chamber size decreases and output drops 
Cardiogenic shock
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Circ August 1978

Not an all or none condition but a continuum

Phase I Phase I -- Changes in Cardiac Changes in Cardiac 
ConfigurationConfiguration

L

Quantifying Pericardial EffusionQuantifying Pericardial Effusion

Amt of fluidAmt of fluidP. spaceP. space

NoneNone

>> 500 cc500 cc

100 to 500cc100 to 500cc

<< 100cc100cc

>>20 mm20 mmLargeLarge

10 to 20 mm10 to 20 mmModerateModerate

<10 mm<10 mmSmallSmall

Echo free space may not be uniform even if circumfe rential. Best to make 
several measurements and document view and location  so they can be 
reproduced from one study to the next.

Many different  methods: Volume calc., Descriptive (Horowitz)
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Right Atrial Pres.Right Atrial Pres.

((mmHg)(rangemmHg)(range))
Change with Change with 
RespResp or or ““SniffSniff””

Inferior Vena CavaInferior Vena Cava

15(1015(10--20)20)Decrease <50%Decrease <50%Dilated (>2.1cm)Dilated (>2.1cm)

IVC PlethoraIVC Plethora

8(58(5--10)10)Decrease >50%Decrease >50%Dilated (>2.1cm)Dilated (>2.1cm)

8(58(5--10)10)Decrease <50%Decrease <50%Normal (Normal (<< 2.1 cm)2.1 cm)

3(03(0--5)5)Decrease >50%Decrease >50%Normal (Normal (<< 2.1 cm)2.1 cm)

2010

Physiology of Signs of TamponadePhysiology of Signs of Tamponade

RespirophasicRespirophasic variation variation 
In tamponade, flow into both In tamponade, flow into both 
ventricles takes place against a ventricles takes place against a 

common stiffness.common stiffness.**

–– IPP=RA=RVFP=W=LA=LVFPIPP=RA=RVFP=W=LA=LVFP

*Pulsus can be seen in some patients in Phase II
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RespirophasicRespirophasic variation variation 

Filling of the chambers is Filling of the chambers is 
competitive i.e.competitive i.e.
–– Respiratory changes in Respiratory changes in 

venous pressure difference venous pressure difference 
alternately favoring RV and alternately favoring RV and 
LV fillingLV filling

–– Filling of one ventricle and Filling of one ventricle and 
resultant shifting septum resultant shifting septum 
impede filling of the other impede filling of the other 
ventricle ventricle ieie ventricular ventricular 
interdependenceinterdependence

Pulsus Paradoxus >10 mmHgPulsus Paradoxus >10 mmHg

False positiveFalse positive
–– Asthma/COPDAsthma/COPD

–– RV infarctionRV infarction

–– Heart failureHeart failure

–– Severe LV impairmentSevere LV impairment

False NegativeFalse Negative
–– Severe hypotensionSevere hypotension

–– Aortic regurgitationAortic regurgitation

–– ASDASD

–– Severe diastolic Severe diastolic 
dysfunctiondysfunction

–– RVH without RVH without 
pulmonary HTNpulmonary HTN

--22

--99

--2121

--33

LVETLVET

(ms)(ms)

66--443232--5533EffEff –– No No 
Variation (n=7)Variation (n=7)

4949--17177474--31313232EffEff –– VariationVariation

(n=8)(n=8)

4040--26268585--43438585TamponadeTamponade

(n=7)(n=7)

55--441414--4422Normal Normal 

(n=20)(n=20)

PAPA

(cm/s)(cm/s)
AoAo

(cm/s)(cm/s)
T1T1

(cm/s)(cm/s)
M1M1

(cm/s)(cm/s)
IVRTIVRT

(ms)(ms)
PatientPatient

GroupGroup

Percentage change from first beat of expiration to first beat of inspiration.

JACC 1988;11:1020-30
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Don’t forget the y descent

Circ June 1982

This sign was present in 16 of 17 patients with This sign was present in 16 of 17 patients with 
clinical tamponade (1 patient had constrictive clinical tamponade (1 patient had constrictive 
pericardial disease).pericardial disease).
In all cases the abnormal motion reverted back In all cases the abnormal motion reverted back 
to normal after to normal after pericardiocentesispericardiocentesis
Presence of this sign in equivocal tamponade Presence of this sign in equivocal tamponade 
suggests it may be an early indicator of suggests it may be an early indicator of 
tamponade physiologytamponade physiology
Associated with a 21% decrease in cardiac Associated with a 21% decrease in cardiac 
output and no change in mean aortic pressureoutput and no change in mean aortic pressure
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Circ 1983

False negativesFalse negatives

RVCRVC
–– Pulmonary HTNPulmonary HTN

–– Infiltrative CardiomyopathyInfiltrative Cardiomyopathy

–– RVHRVH

RACRAC
–– RA hypertension RA hypertension –– Tricuspid regurgitationTricuspid regurgitation

–– Ventricular rhythm Ventricular rhythm –– PacemakerPacemaker

–– Pulmonary HTNPulmonary HTN

Physiology of Signs of TamponadePhysiology of Signs of Tamponade

Since any PEF effects hemodynamics, the goal is to 
describe where the patient is in the continuum
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--22

--99

--2121

--33

LVETLVET

(ms)(ms)

66--443232--5533EffEff –– No No 
Variation (n=7)Variation (n=7)

4949--17177474--31313232EffEff –– VariationVariation

(n=8)(n=8)

4040--26268585--43438585TamponadeTamponade

(n=7)(n=7)

55--441414--4422Normal Normal 

(n=20)(n=20)

PAPA

(cm/s)(cm/s)
AoAo

(cm/s)(cm/s)
T1T1

(cm/s)(cm/s)
M1M1

(cm/s)(cm/s)
IVRTIVRT

(ms)(ms)
PatientPatient

GroupGroup

Percentage change from first beat of expiration to first beat of inspiration.

JACC 1988;11:1020-30

Pericardial disease is a continuum, not just an end  point

Variations On A ThemeVariations On A Theme

In Hypertension and Uremia, LV filling pressure is In Hypertension and Uremia, LV filling pressure is 
significantly higher, therefore RV filling pressure must significantly higher, therefore RV filling pressure must 
rise more to equilibrate with the LV and form a common rise more to equilibrate with the LV and form a common 
stiffness.stiffness.

The compensatory rise in systemic venous pressure may The compensatory rise in systemic venous pressure may 
fail to maintain cardiac output before equalization of fail to maintain cardiac output before equalization of 
pressures occurs i.e. Right Heart Tamponade without pressures occurs i.e. Right Heart Tamponade without 
pulsus paradoxus.pulsus paradoxus.

Variations on a Theme Variations on a Theme 
Elevated LVFPElevated LVFP
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Variations on a Theme Variations on a Theme 
VentilatorsVentilators

Normal
– IPPV* will produce 

opposite 
respirophasic
changes in velocity

– Hypovolemia
increased these 
changes further

TamponadeTamponade
–– MV opposite direction MV opposite direction 

and attenuatedand attenuated

*Intermittent Positive Pressure Ventilation

Variations on a ThemeVariations on a Theme

Hypertensive TamponadeHypertensive Tamponade
–– All the features of CTAll the features of CT

–– Have BP >200 mmHgHave BP >200 mmHg

–– Pulsus paradoxus is Pulsus paradoxus is 
presentpresent

–– History of hypertensionHistory of hypertension

LoculatedLoculated effusionseffusions
–– Usually post opUsually post op

–– Post MIPost MI

–– Only that chamber has Only that chamber has 
signs of CTsigns of CT

Summary Summary -- PhysiologyPhysiology

IntrapleuralIntrapleural and intra pericardial pressures are and intra pericardial pressures are 
normally equal and fluctuate with respiration.normally equal and fluctuate with respiration.
The RA and RV are thin walled structures and The RA and RV are thin walled structures and 
more susceptible to changes in pericardial more susceptible to changes in pericardial 
pressure changes.pressure changes.
All amounts of pericardial effusion have All amounts of pericardial effusion have 
hemodynamic abnormalities, Therefore hemodynamic abnormalities, Therefore 
pericardial disease is a continuumpericardial disease is a continuum
RA pressure elevation is the result of increased RA pressure elevation is the result of increased 
PP and is best estimated by IVC changes.PP and is best estimated by IVC changes.
Pretest likelihood of PT is importantPretest likelihood of PT is important
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Conclusion:Conclusion:

Clinical Diagnosis Clinical Diagnosis -- �� HR, BP, the patient HR, BP, the patient 

Echo/Doppler Echo/Doppler 
–– Size of PEFSize of PEF

–– IVC plethoraIVC plethora

–– Right Heart CollapseRight Heart Collapse

–– Respiratory VariationRespiratory Variation

Comorbid conditionsComorbid conditions

Thank youThank you


