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§ Basics of cardiac output

§ Arterial measurements
§ Non-invasive
§ Invasive

§ Venous measurements









§ Cardiac output (Q)= SV x HR

§ Ohm’s law: 
§ ∆P = Q × R 
§ Arterial blood pressure= CO x SVR



§ Mean Arterial Blood Pressure (MAP)
§ MAP= diastolic +  !"#$% &'%$$"'%

(
§ Pulse pressure= systolic- diastolic 





Oscillometric

§ Measures MAP
§ SBP and DBP are calculated

Doppler

§ Measures SBP
§ MAP in cats?



§ Cuff width should be 30-40% the circumference of patient’s limb
§ Smaller cuff= over-estimation of blood pressure
§ Larger cuff= under-estimation of blood pressure

§ Cuff/limb should be at the level of the right atrium









§ Natural frequency: Frequency 
(measured in Hz) that the system 
oscillates at
§ Energy from the arterial pressure will 

be lost as it is absorbed by the system



§ The natural frequency of the system 
needs to be significantly higher than 
the pulse frequency for accurate 
readings (usually 6-10x higher than 
frequency of patient’s HR)
§ Most commercially available systems 

have natural frequencies of ~200Hz
§ Addition of lines, stopcocks, etc

decreases the natural frequency
§ Important to minimize the amount of  

”stuff” attached to the system
§ Most commercially available systems 

analyze to the 8th harmonic
§ Need at least 6th harmonic for detection 

of dicrotic notch





§ Systolic pressure: pressure following 
ventricular contraction

§ Dicrotic notch:  pressure due to 
elastic recoil of aorta following aortic 
valve closure (dashed line)



§ Damping: absorption of oscillating wave energy
§ Defined as a damping coefficient measured with square wave test
§ Damping coefficient (Y)

§ Y= c/2m
§ c= friction coefficient

§ m= mass 

§ Optimal damping coefficient= 0.64-0.7
§ Corresponds to 2-3 oscillations following a square wave test





Over-damped system

§ Most common

§ Decreased SBP, increased DBP
§ MAP remains accurate 

§ Causes
§ Compliant tubing
§ Increased length of tubing system
§ Air in line 

Under-damped system

§ Less common
§ Occurs when system frequency 

approaches patient HR frequency

§ Increased SBP, decreased DBP
§ MAP remains accurate







§ Historically used to monitor volume status/fluid responsiveness
§ Recently fallen out of favor
§ Pulse pressure variation and/or pleth variability index are more accurate

§ Normal CVP: 0-5cm H2O
§ Low CVP: Volume underload?
§ High CVP: Volume overload?



§ a:  right atrial contraction

§ c: closure of tricuspid valve and 
bowing into RA

§ x1 and x2 : decreased pressure due to 
ventricular ejection

§ v: Filling of RA prior to opening of 
tricuspid valve

§ y: emptying of RA when tricuspid 
valve opens







§ Pulmonary artery occlusion/wedge 
pressure  (PAOP): approximates the 
LEFT ATRIAL pressure

§ Normal LAOP: 5-12 mmHg



https://education.edwards.com/swan-ganz-catheter-placement/148895#







§ Amount returned to the venous blood must equal amount delivered in arterial 
blood minus what was used in the tissues
§ Absolute amount of substance must be conserved

§ Can use oxygen consumption or carbon dioxide elimination
§ (Arterial O2 blood content- venous O2 blood content) x CO =  O2 consumption

§ CO= O2 consumption
Arterial O2 blood content− venous O2 blood content

§ (Arterial CO2 blood content- venous CO2 blood content) x CO =  CO2 consumption

§ CO= CO2consumption
Arterial CO2blood content− venous CO2blood content



§ Uses Fick principle:
§ Saline at known temp injected on right side. Final temp measured at PA

§ Total amount injected divided by area under the curve equal to cardiac output

§ Can also use different dyes 



Fluids Pressors





§ Differences in preload/stroke volume associated with changes in intrathoracic 
pressure

§ Most commonly used in mechanically ventilated/anesthetized patients

§ Variation of 10-15% supportive of fluid responsiveness in dogs
§ No data in cats



§ Change in perfusion index (measured by pulse ox) associated with respiratory 
cycle
§ Basically non-invasive surrogate of PPV

§ Combined limitations of PPV and pulse oximetry



Cardiac

§ Ventricular/atrial lumen sizes

§ Ventricular pseudohypertrophy 
§ Less helpful in cats

§ LA:Ao

§ Subjective contractility

§ Left ventricular end diastolic area 
(LVEDA) commonly used in humans

Caudal vena cava collapsibility 
index

§ Caudal vena cava measured at:
§ Suprailiac (kidney)
§ Right intercostal (transhepatic)
§ Subxiphoid (diaphragmatic)

§ Collapsibility of CVC (>50%) with 
respiratory cycle corresponds with 
hypovolemia

§ B lines, GB halo, suggest possible fluid overload






