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RSPT 1050 – MODULE E: Hemodynamic Monitoring
I. Hemodynamic Monitoring

A. What is it?

1. “Hemo” means blood and “dynamic” means movement or motion.  So hemodynamics means the movement of blood.

2. This movement of blood occurs because of blood pressures.
3. Hemodynamics is simply the monitoring of blood pressures in the heart and blood vessels.

4. Low blood pressures prevent the tissues from receiving the oxygen and nutrients it needs to survive.

5. High Blood Pressures, on the other hand, will strain the heart and will eventually lead to heart failure 

B. How are pressures measured?

1. Arterial Lines 

a. Catheter inserted into the artery.

2. CVP catheter 

a. Catheter inserted into a vein and ends in the superior vena cava just in front of the atrium or in the right atrium.

3. Pulmonary Artery Catheter (Swan Ganz)

a. Catheter inserted through a vein and into the pulmonary artery.

II. Blood Flow Through the Heart and Blood Vessels

A. Normal Flow and Pressures

1. Left Ventricle: 120/0 mm Hg

2. Aortic Valve

3. Aorta and arteries that branch from the aorta  (120/80) 

4. Arterioles: 30 mm Hg

5. Systemic Capillaries: 20 mm Hg

6. Systemic Venules/Veins: 10 mm Hg

7. Right Atrium: 2-6 mm Hg

8. Tricuspid Valve

9. Right Ventricle: 25/0 mm Hg

10. Pulmonic Valve

11. Pulmonary Artery: 25/8 mm Hg (MPAP is 10 – 20 mm Hg)

12. Pulmonary Arterioles

13. Pulmonary Capillaries (lungs)

14. Pulmonary Venules/Veins: (8-10 mm Hg)

15. Left Atrium: 5 mm Hg

16. Mitral Valve

17. Left Ventricle: 120/0

B. Blood Volume and its Effect on Blood Pressure

1. Stroke Volume (SV)
a. This is the volume of blood ejected from the ventricle during each contraction.

b. Normal value is 60 mL to 130 mL.
 

c. 
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2. Cardiac Output (CO)
a. The total volume of blood discharged from the ventricles per minute is called the cardiac output.  

b. CO varies with age, body size, sex.

c. The normal adult volume is 5 liters/min.

i. Of this 5 L/min, 75% is found in the systemic circulation, 15% in the heart and 10% in the pulmonary circulation;  60% of the blood volume is in the veins and 10% in the arteries.

ii. CO = SV x HR

3. Blood Pressure

a. BP = CO x SVR or BP = SV x HR x SVR

b. When the SV or HR increases, the CO will increase.

c. When the SV or HR decreases, the CO will decrease.

d. The pulmonary capillary bed contains about 75 mL of blood although it has the capacity for about 200 mL.


III. The Distribution of the Pulmonary Blood Flow


A. Introduction

1. In the upright lung, blood flow progressively decreases from the base to the apex.

2. The distribution of blood is a function of:

a. Gravity

i. Blood will move toward the portion of the body that is closest to the ground.

ii. There is a distance of 30 cm between the base and the apex.

iii. The intraluminal pressures of the vessels in the gravity dependent area (lower lung region) are greater than the intraluminal pressures in the least gravity-dependent area (upper lung region).

iv. The position of the body can change the gravity dependent area of the lungs.

· In a patient supine, the gravity dependent area is the posterior portion of the lungs.

· When the patient is prone, the gravity dependent area is the anterior portion of the lungs.

· When the person is lying on the side, the lower lateral half of the lung nearest the ground is the gravity dependent.

· If a person is hanging upside down, the apex of the lung is gravity dependent.

v. The lung is divided into three lung zones.

· Zone I is the least gravity dependent area and the alveolar pressure is greater than both the arterial and venous intraluminal pressures.  As a result, the pulmonary capillaries can be compressed and blood may be prevented from flowing through this region.  In normal situations this does not occur because the pulmonary artery pressure is usually sufficient to raise the blood to the top of the lungs and overcome alveolar pressure.  When the alveoli are ventilated but not perfused, no gas exchange occurs and alveolar deadspace results.

· In Zone II, the arterial pressure is greater than the alveolar pressure and therefore the pulmonary capillaries are perfused.  Blood flow increases progressively from the top to the bottom of zone II.

· Zone III is the gravity dependent area.  Both the arterial and venous pressures are greater than the alveolar pressure and therefore blood flow through this region is constant.

b. Cardiac output

i. Determinants of Cardiac Output

· CO = SV x HR

· SV is dependent on:  

· Ventricular Preload is the degree that the myocardial fiber is stretched prior to contraction at end diastole.

· The more the fiber is stretched, the more strongly it will contract.

· Preload is influenced by the amount of venous return to the heart.

· Preload is said to reflect left ventricular end-diastolic pressure.

· The relationship between preload and stoke volume is Frank-Starling Law.

· Ventricular Afterload is the force against which the ventricles must work to pump blood.

· Afterload is determined by:

· Volume and viscosity of the blood.

· The vascular resistance.

· The valves of the heart.

· The total cross sectional area for blood to flow.

· An increased afterload results in an increased systolic blood pressure.

· Myocardial contractility is the force generated by the myocardium when the ventricular muscle fibers shorten.  

· When the contractility increases or decreases, the CO increases or decreases.

· An increase in myocardial contractility is called a positive inotropic effect.

· A decrease in myocardial contractility is called a negative inotropic effect.  

B. Pulmonary Vascular Resistance (PVR)

1. Resistance is defined as Pressure/Flow.

a. Application of Ohm’s Law

b. Pressure is the pressure within circuit (High minus Low) 

c. Flow is the cardiac output.

2. When vascular resistance increases, blood pressure increases which increases afterload.

3. When vascular resistance decreases, blood pressure decreases which decreases afterload.

4. Hypoxia constricts the pulmonary vascular system and increases PVR.

a. If allowed to develop over time (as occurs in COPD), the work of the right heart increases and leads to Cor Pulmonale.

5. PVR also increases in the following situations

a. Vessel blockage or obstruction (thrombus, embolus, tumor mass)

b. Vessel wall diseases (sclerosis, scleroderma)

c. Vessel destruction (emphysema or fibrosis)

d. Vessel compression (pneumothorax, hemothorax, or tumor mass)

C. Heart Failure (Right vs. Left)

1. Left Heart Failure (Congestive Heart Failure or CHF) occurs when the heart is unable to function effectively given the workload placed upon the heart.

a. Failure of left heart leads to a “back up” of blood into the Left Atrium and ultimately the pulmonary vasculature.  

b. Pulmonary edema results from capillary fluid leaving the capillary and flooding the alveoli.

2. Right Heart Failure occurs secondary to an increased Pulmonary Vascular Resistance (PVR). 

a. Frequently associated with COPD (Cor Pulmonale)

b. An increased PVR leads to elevated right ventricular work and strain.  Subsequently, this leads to right ventricular hypertrophy and right heart failure.  

c. Right heart failure leads to blood backing up into the systemic circulation.

i. Peripheral edema.

· Pitting edema 

· Swollen ankles

· Engorged liver

· Ascites

IV. Arterial Blood Pressure

A. Where is it measured?

1. In the aorta or a branch of the aorta.

2. Arterial blood pressure is measured in an artery (brachial).

B. Equation

1. BP  = SVR x CO

2. BP  = SVR x SV x HR

C. Factors that control blood pressure include:

1. Heart: The heart is the pump that creates the blood pressure.  Changes in the heart will affect the blood pressure directly.

a. Increase the heart rate/strength of contraction; BP will increase.

b. Decrease the heart rate/strength of contraction; BP will decrease.

2. Blood Volume – the amount of fluid (blood) in the circulatory system will effect the blood pressure.

a. Hypervolemia means increased volume; increased fluids will increase BP.

b. Hypovolemia means decreased volume; decreased fluids will decrease BP.

i. Hemorrhage, dehydration & third spacing

3. Vessels – the condition of the blood vessels will cause the blood pressure to change

a. Vasoconstriction (( SVR) will increase the BP 

b. Vasodilation (( SVR)  will decrease the BP 

4. ** Changes in BP would reveal that one of these three factors has been altered.

D. Normal Blood Pressure

1. Normal is 120/80 mm Hg.
2. Normal Mean Blood Pressure (MAP) is 80 – 100 mm Hg.
3. Calculating Mean Blood Pressures
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E. Blood Pressure is measured with a device called a sphygmomanometer.
F. Pulse Pressure = Systolic blood pressure - Diastolic blood pressure

1. Normal is 40 mm Hg
G. The arterial blood pressure is a measurement of the afterload on the left side of the heart.

H. Insertion of an Arterial Line

1. Allows for continuous measurement of blood pressure 

2. Allows for frequent arterial blood gas sampling

3. Most common insertion sites:

a. Radial artery

b. Brachial artery

c. Axillary artery

d. Femoral artery
IV. CVP Monitoring

A. What does it measure?

1. CVP is used to monitor the pressure in the right heart.

2. CVP can be referred to as:

a. Right atrial filling pressure

b. Right side preload

c. Right ventricular filling pressure

d. Right ventricular end-diastolic pressure

B. Where is it inserted?

1. The CVP catheter is inserted through a peripheral or central vein and threaded into the right atrium

a. Central line: Subclavian vein or jugular vein.

b. Peripheral line: Femoral vein, median basilic vein.

2. The CVP can also be measured with a pulmonary artery catheter

C. Complication of CVP insertion

1. Pneumothorax

a. Get chest x-ray ordered after CVP insertion

D. Normal Value

1. 2-6 mm Hg or (4-12 cm H2O)
E. Factors affecting measurements

1. Decreased values are seen in the following situations:

a. Hypovolemia (hemorrhage, dehydration, third spacing)

2. Increased values are seen in the following situations:

a. Hypervolemia

b. Right heart failure

V. Pulmonary Artery Catheter  (PAC)

A. What is it?

1. The PAP catheter is described as a balloon tipped, flow directed, pulmonary artery catheter (Swan-Ganz Catheter) that is inserted into a vein and threaded through the heart into the pulmonary artery.

2. The catheter is then connected to a pressure transducer and heart pressures can be measured.

B. What does it measure?

1. CVP

2. PAP and MPAP

3. PCWP

4. CO

C. Pulmonary Artery Pressure

1. Normal Value is 25/8.
2. Normal mean value (MPAP) is 10 – 20 mm Hg.
3. Measured from the distal lumen of the PAC.

4. The distal lumen can also be used to obtain mixed venous blood samples (
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5. Increased PAP is seen in:

a. COPD

b. Pulmonary embolism

c. Pulmonary Hypertension

6. Decreased PAP is seen in 

a. Hypovolemia, dehydration, hemorrhage

7. Measures afterload of the right ventricle.

D. Pulmonary Capillary Wedge Pressure

1. Normal Value is 4 – 12 mm Hg.
2. Measured from the distal lumen of the PAC when the balloon is inflated.

3. Reflects pressures in the left side of the heart.

4. Measures preload on the left side of the heart.

5. The PCWP is referred to and will estimate:

a. Left atrial pressure

b. Left atrial filling pressure

c. Left sided preload

d. Left ventricular filling pressure

e. Left ventricular end-diastolic pressure

6. Increased PCWP seen in

a. Mitral valve stenosis

b. CHF (LHF)

c. Pulmonary Edema caused from LHF

7. Decreased PCWP seen in

a. Hypovolemia (dehydration, hemorrhage, third spacing)

8. A comparison of PCWP and PAP can be used to differentiate between cardiac and non-cardiac pulmonary edema.

a. Increased PCWP and Increased PAP pressure = Cardiac Problem.
b. Normal PCWP and increased PAP pressure = Non-cardiac Problem.
E. Cardiac Output (CO or Qt)

1. Measures the output of the left ventricle to the systemic arterial circulation.


2. Normal Value is 5-8 L/min and depends on body size.

3. Can be measured with a PAC

a. A fixed amount of fluid at O C is injected into the proximal lumen of the catheter and the fluid mixes with the blood.  The temperature is measured downstream by the thermistor lumen and a cardiac output computer calculated the CO.

4. Calculated by:

a. CO = Stroke volume x heart rate

Cardiac Index (CI)

5. Normal value is 2.5 – 4.0 L/min/m2
6. Calculated by the following formula:
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7. The Dubois Nomogram determines body surface area.

a. Need height and weight to calculate the BSA.

VI. Additional Hemodynamic Assessments

A. Systemic Vascular Resistance

1. The pressure gradient across the systemic circulation divided by the CO
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2. Increased SVR is seen in

a. Hypertension

b. Vasoconstrictor agents

3. Normal value is less than 1600 dynes/sec/cm-5
B. Pulmonary Vascular Resistance

1. The pressure gradient across the pulmonary circulation divided by the CO
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2. Increased values seen in:

a. Hypoxia

b. Pulmonary hypertension

3. Normal value is less than 2.5 mm Hg/L/min or less than 200 dynes/sec/cm-5
C. Stroke Volume Index

1. Normal value is 30 –65 mL/beat/m2
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