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 PROCEDURE 

 64     

 Cardiac Output Measurement 
Techniques (Invasive) 
     Susan         Scott     

  PURPOSE:      Cardiac output (CO) measurements are used to assess and monitor 
cardiovascular status. CO monitoring can be used in the evaluation of patient 
responses to various therapies, including fl uid management interventions, 
vasoactive and inotropic medication administration, and mechanical assist devices. 
CO measurements can be obtained either continuously or intermittently via a 
pulmonary artery (PA) catheter. CO measurements provide data that may be useful 
in directing and/or improving the care for critically ill patients with hemodynamic 
instability.  

   PREREQUISITE NURSING 
KNOWLEDGE 

    •     Understanding of normal anatomy and physiology of the 
cardiovascular system and pulmonary system is neces-
sary.  

  •     Understanding of basic dysrhythmia recognition and treat-
ment of life-threatening dysrhythmias is needed.  

  •     Pathophysiologic changes associated with structural heart 
disease (e.g., ventricular dysfunction from myocardial 
infarction, diastolic or systolic changes, and valve dys-
function) should be understood.  

  •     Understanding of the principles of aseptic technique is nec-
essary.  

  •     Understanding of the PA catheter (see  Fig. 72-1 ), lumens 
and ports, and the location of the PA catheter in the heart 
and PA (see  Fig. 72-2 ) is needed.  

  •     Pressure transducer systems (see Procedure 75) should be 
understood.  

  •     Competence in the use and clinical application of hemo-
dynamic waveforms and values obtained with a PA cath-
eter including assessing normal and abnormal waveforms 
and values for right atrial pressure (RAP), pulmonary 
artery pressure (PAP), and pulmonary artery occlusion 
pressure (PAOP) is needed. PAOP may also be termed 
pulmonary artery wedge pressure (PAWP).  

  •     Knowledge of vasoactive and inotropic medications and 
their effects on cardiac function, ventricular function, coro-
nary vessels, and vascular smooth muscles is needed.  

  •     CO is defi ned as the amount of blood ejected by the left 
ventricle (LV) per minute and is the product of stroke 
volume (SV) and heart rate (HR). It is measured in liters 
per minute.

  CO SV HR= ×       

  •     Normal CO is 4 to 8 L/min. The four physiological factors 
that affect CO are preload, afterload, contractility, and 
heart rate.  

  •     Stroke volume is the amount of blood volume ejected 
from either ventricle per contraction. Left ventricular 
stroke volume is the difference between left ventricular 
end-diastolic volume and left ventricular end-systolic 
volume. Left ventricular stroke volume is normally 60 to 
100 mL/contraction. Major factors that infl uence stroke 
volume are preload, afterload, and contractility.  

  •     Right heart preload refers to the pressure in the right 
ventricle (RV) at the end of diastole and is measured by 
the RAP or CVP. Elevations in left heart fi lling pressures 
may be accompanied by parallel changes in RAP, espe-
cially in patients with left systolic ventricular dysfunction. 
Other factors that affect RAP are venous return, intravas-
cular volume, vascular capacity, and pulmonary pressure. 
Right heart preload is increased in right heart failure, right 
ventricular infarction, tricuspid regurgitation, pulmonary 
hypertension, and fl uid overload. Right heart preload is 
decreased in hypovolemic states.  

  •     Left heart preload refers to the pressure in the LV at the 
end of diastole and is measured by the PAOP. When LV 
preload or end-diastolic volume increases, the muscle 
fi bers are stretched. The increased tension or force of 
contraction that accompanies an increase in diastolic 
fi lling is called the Frank-Starling law. According to the 
Frank-Starling law the heart adjusts its pumping ability 
to accommodate various levels of venous return. Note: 
In patients with advanced chronic LV dysfunction and 
remodeled hearts (spherical or globular shaped LV instead 
of the normal elliptical-shaped LV), the Frank-Starling 
law does not apply. In these patients, muscle fi bers of the 
heart are already maximally lengthened; as a result, the 
heart cannot respond signifi cantly to increased fi lling or 
stretch with increased force of contraction.  

  •     Afterload refers to the force the ventricular myocardial 
fi bers must overcome to shorten or contract. It is the force 
that resists contraction. The amount of force the LV must 
overcome infl uences the amount of blood ejected into the 
systemic circulation. Afterload is infl uenced by peripheral 
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sympathetic neural stimulation, or decreased body tem-
perature. Increased heart rate can be triggered by factors 
that cause catecholamine release, such as hypoxia, hypo-
tension, pain, or anxiety. The more rapid the heart rate, 
the less time is available for adequate diastolic fi lling, 
which can result in a decreased CO. Because multiple 
factors regulate cardiac performance and affect CO, these 
factors must be assessed ( Fig. 64-1   ).  

  •     Cardiac index adjusts the CO to an individual ’ s body size 
(square meter of body surface area), making it a more 
precise measurement than CO.  

  •     Refer to  Table 64-1    for normal hemodynamic values and 
calculations.  

  •     At the bedside, CO measurements are obtained through a 
PA catheter via the intermittent bolus CO method or the 
continuous CO method.  

  •     Thermodilution CO measures right ventricular outfl ow; 
therefore, intracardiac right-to-left shunts, as well as tri-
cuspid and pulmonic valve insuffi ciency, can result in 
inaccurate measurements.  3,38    

  •     The thermodilution cardiac output (TDCO) method: an 
injectate solution of a known volume (10 mL) and tem-
perature (room or cold temperature) is injected into the 
right atrium (RA) through the proximal port of the PA 
catheter. The injectate exits the catheter into the RA, 
where it mixes with blood and fl ows through the RV to 
the PA. A thermistor located at the tip of the PA catheter 
detects the change in blood temperature as the blood 
passes the tip of the catheter in the PA. The CO is 

vascular resistance (the force opposing blood fl ow within 
the vessels), systolic blood pressure, systolic stress, and 
systolic impedance. Peripheral resistance is affected by 
the length and radius of the blood vessel, arterial blood 
pressure, and venous constriction or dilation. The systolic 
force of the heart is increased in conditions that cause 
vasoconstriction (increased afterload), including aortic 
stenosis, hypertension, or hyperviscosity of blood (e.g., 
polycythemia). The systolic force of the heart is decreased 
in conditions that cause vasodilation or decrease the 
viscosity of blood (e.g., anemia). Right ventricular after-
load is calculated as pulmonary vascular resistance. Left 
ventricular afterload is calculated as systemic vascular 
resistance.  

  •     Contractility is defi ned as the ability of the myocardium 
to contract and eject blood into the pulmonary or systemic 
vasculature. Contractility is increased by sympathetic 
neural stimulation, and the release of calcium and norepi-
nephrine is decreased by parasympathetic neural stimula-
tion, acidosis, and hyperkalemia. Contractility and heart 
rate can be infl uenced by neural, humoral, and pharmaco-
logical factors.  

  •     In addition to stroke volume, CO is affected by heart rate. 
Normally, nerves of the parasympathetic and sympathetic 
nervous system regulate heart rate through specialized 
cardiac electrical cells. Heart rate and rhythm are infl u-
enced by neural humoral, and pharmacological factors. 
Decreased heart rate can be the result of factors such as 
increased parasympathetic neural stimulation, decreased 

  Figure 64-1      Systematic assessment of the determinants of cardiac output may assist the clinician 
in defi ning the etiological factors of cardiac output alteration more precisely.      (From Whalen DA, 
Keller R: Cardiovascular patient assessment. In Kinney MR, et al, editors:  AACN clinical reference 
for critical care nurse , ed 4, St. Louis, 1998, Mosby, 227-319)   
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the second thermistor improved accuracy compared 
with Fick CO measurements and also improved preci-
sion or repeatability of CO measurements in both cold 
and room temperature.  4,26   In one study, cold injectate 
had excellent precision with the standard single-
thermistor PA catheter. Researchers concluded that 
the dual-thermistor PA catheter provided the greatest 
benefi t in decreasing measurement variability when 
room temperature injections were used to measure CO.  4       

  •     The change in temperature over time is plotted as a curve 
and displayed on the bedside monitor screen. CO is math-
ematically calculated from the area under the curve and is 
displayed digitally and graphically on the monitor screen 
( Fig. 64-2   ). The area under the curve is inversely propor-
tional to the rate of blood fl ow. Thus a high CO is associ-
ated with a small area under the curve, whereas a low CO 

calculated as the difference in temperatures on a time 
versus temperature curve.  

  •     CO can be calculated from PA catheters with two types of 
thermistors:
    ❖      A single thermistor has one inline temperature sensor 

near the tip of the catheter that lies in the PA when in 
proper position.  

   ❖      A dual thermistor has two inline temperature sensors, 
one in the right atrium/superior caval vein (immediately 
above the injectate port opening) and one near the tip of 
the catheter (same position as single thermistor). 
Because a temperature sensor is located in the right 
atrium, there is no need to enter a “correction factor” or 
“computation constant” into the computer to account 
for the loss in thermal indicator (heat) from the hub of 
the RA injectate port to the RA. Investigators found that 

Adapted from Tuggle D: Optimizing hemodynamics: Strategies for fl uid and medication titration in shock. In Carlson K, editor:  AACN advanced critical care nursing , St 
Louis, 2009, Saunders, 1106; and Ahrens T: Hemodynamic monitoring,  Crit Care Nurs Clin N Am  11:19-31, 1999.

 Parameters  Calculations  Normal Value 

Body surface area (BSA) Weight (kg)  ×  height (cm)  ×  0.007184 Varies with size (range  =  0.58–2.9 m 2 )

CO HR  ×  SV 4–8 L/min

Stroke volume (SV) CO  ×  1000 / HR 60–100 mL/beat

Stroke volume index (SVI) SV / BSA 30–65 mL/beat/m 2 

Cardiac index (CI) CO / BSA 2.5–4.5 L/min/m 2 

Heart rate (HR) 60–100 beats/min

Preload

Central venous pressure (CVP) or RAP 2–6 mm Hg

Left atrial pressure (LAP) 4–12 mm Hg

Pulmonary artery diastolic pressure (PADP) 5–15 mm Hg

PAOP 4–12 mm Hg

RVEDP 0–8 mm Hg

LVEDP 4–10 mm Hg

Afterload

Systemic vascular resistance (SVR) MAP  −  CVP/RAP  ×  80 / CO 900–1400 dynes/s/cm  − 5 

SVR index (SVRI) MAP  −  CVP/RAP  ×  80 / CI 2000–2400 dynes/s/cm  − 5 /m 2 

Pulmonary vascular resistance (PVR) PAMP  −  PAOP  ×  80 / CO 100–250 dynes/s/cm  − 5 

PVR index (PVRI) PAMP  −  PAOP  ×  80 / CI 255–315 dynes/s/cm  − 5 /m 2 

Systolic blood pressure 100–130 mm Hg

Contractility

Ejection fraction (EF):

Left LVEDV  ×  100 / SV 60–75%

Right RVEDV  ×  100 / SV 45–50%

Stroke work index:

Left SVI (MAP  −  PAOP)  ×  0.0136 50–62 g-m/m 2 /beat

Right SVI (MAP  −  CVP)  ×  0.0136 5–10 g-m/m 2 /beat

Pressures:

MAP DBP  +   13     (SBP  −  DBP) 70–105 mm Hg

PAMP PADP  +   13     (PASP  −  PADP) 9–16 mm Hg

 TABLE 64-1      Hemodynamic Parameters  

   CO,  Cardiac output;  DBP,  diastolic blood pressure;  MAP,  mean arterial pressure;  LVEDP,  left ventricular end-diastolic pressure;  RVEDP,  right ventricular end-diastolic 
pressure;  PAMP,  pulmonary artery mean pressure;  PAOP,  pulmonary artery occlusion pressure;  LVEDV,  left ventricular end-diastolic volume;  RVEDV,  right ventricular 
end-diastolic volume;  PASP,  pulmonary artery systolic pressure;  PADP,  pulmonary artery diastolic pressure;  SBP,  systolic blood pressure.  
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proximal lumen port). When a PA catheter is properly 
placed, the thermal fi lament section of the catheter is 
located in the RV. This fi lament emits a pulsed low heat 
energy signal in a 30- to 60-second pseudorandom 
binary (on/off) sequence, which allows blood to be 
heated and the heat signal adequately processed over 
time as blood passes through the ventricle. A bedside 
computer constructs thermodilution curves detected 
from the pseudorandom heat impulses and measures 
CO automatically. The computer screen displays 
digital readings updated every 30 to 60 seconds that 
refl ect the average CO of the preceding 3 to 6 minutes. 
The CCO eliminates the need for fl uid boluses, reduces 
contamination risk, and provides a continuous CO 
trend.  1,2,32    

   ❖      Because the CCO computer constantly displays and 
frequently updates the CO, treatment decisions can be 
expedited. Derived hemodynamic calculations (e.g., 
cardiac index and systemic vascular resistance) can be 
obtained with greater frequency, thereby providing up-
to-time information in assessment of response to thera-
pies that affect hemodynamics.  1       

  •     CCO has been compared with TDCO, transesophageal 
Doppler scan technique, and aortic transpulmonary tech-
nique to determine its precision. Study results all show 
small bias, limits of agreement, and 95% confi dence 
limits, refl ecting that CCO provides accurate measure-
ment of CO and is a reliable method.  1,2,6,22,32,39,50    

  •     Adequate mixing of blood and indicator (heat) is neces-
sary for accurate CCO measurements. Conditions that 
prevent appropriate mixing or directional fl ow of the indi-
cator or blood include intracardiac shunts or tricuspid 
regurgitation.  

is associated with a large area under the curve ( Fig. 64-3, 
A   ).  

  •     The thermistor near the distal tip of the catheter detects 
the temperature change and sends a signal to the CO 
computer and bedside monitor. The computer calculates 
the CO with the modifi ed Stewart-Hamilton equation, and 
the CO number is displayed on the monitor screen. The 
average result of three to fi ve measurements is used to 
determine CO.  

  •     Accuracy of TDCO is dependent on adequate mixing of 
blood and injectate, forward blood fl ow, steady baseline 
temperature in the PA, and appropriate procedural tech-
nique.  3,19   In addition, loss of thermal indicator (heat), 
respiratory artifact, and hemodynamic instability can 
cause variability from one injection to another.  19,29,32    

  •     Traditionally cardiac output measurements have been rec-
ommended to be performed at end-expiration, though 
there is research suggesting that this is not necessary.  20,24   
Additional research is needed.  

  •     Commercially available closed-system delivery sets (CO-
Set, Edwards Lifesciences, LLC, Irvine, CA) can be used 
with both cold and room temperature injectate ( Figs. 64-4    
and  64-5   ).  

  •     The Continuous Cardiac Output (CCO) method proceeds 
as follows:
    ❖      Continuous measurement of CO can be performed 

without the need for injected fl uid. The CO can be 
obtained with a heat-exchange CO catheter. This cath-
eter has a membrane that allows for heat to exchange 
with blood in the right atrium.  

   ❖      The PA catheter with CCO capability contains a 10-cm 
thermal fi lament located close to the injection port 
(15 to 25 cm from the tip of the catheter, near the 

   Figure 64-2       A,  Examining cardiac output curves to establish reliability of 
values. B, Normal cardiac output curve with rapid upstroke and smooth progres-
sive decrease in temperature sensing.       (B:  From Ahrens T: Hemodynamic monitor-
ing,  Crit Care Nurs Clin North Am  11[1]:28, 1999.)     

A

B
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  Figure 64-3       A,  Variations in the normal cardiac output curve seen in certain clinical conditions. 
 B,  Abnormal cardiac output curves that produce an erroneous cardiac output value.      (From Urden 
LD, Stacy KM, Lough ME:  Critical care nursing: Diagnosis and management , ed,7, St Louis, 2014, 
Mosby.)   

  •     The CCO method is based on the same physiological prin-
ciple as the TDCO method (indicator-dilution technique).  

  •     The TDCO method uses a bolus of injectate as the indica-
tor for measurement of CO. The CCO method uses heat 
signals produced by the thermal fi lament as the indicator. 
The CCO computer provides a time-averaged rather than 
instantaneous CO reading. CCO values are infl uenced by 
the same principles as TDCO.  

  •     The heated thermal fi lament has a temperature limit to a 
maximum of 44 °C (111.2 °F). When calibrated by the 
manufacturer, CCO computers produce reliable calcula-
tions within a temperature range of 30 to 40 °C (86 to 
104 °F) or 31 to 43 °C (87.8 to 109.4 °F). An error message 
appears if the temperature in the PA is out of range. Follow 
manufacturer ’ s guidelines.  

  •     Infusions through proximal lumens should be limited 
to maintenance of patency of the lumen. Concomitant 
infusions through the proximal lumen can theoretically 
affect CCO measurements by altering the PA temperature. 
Studies have shown that such infusions can cause varia-
tions in TDCO measurements.  19,47    

  •     To date, no published data describing the effect of concur-
rent central line infusions on the accuracy of CCO 

measurements are available, but large infusions of fl uid 
are discouraged.  8,15    

  •     Because bolus injections are not needed with the CCO 
method, the prevalence of user error is theoretically reduced.  14    

  •     The CCO catheter can be used to obtain both CCO and 
TDCO measurements.  

  •     The CCO does not refl ect acute changes in CO values 
because the updated value on the monitor display is an 
average of 3 to 6 minutes of data. A delay of approxi-
mately 10 or more minutes to detect a change of 1 L/min 
in CO may occur. When monitoring a patient with an 
unstable condition that is being aggressively treated with 
medication or other therapies, one should be aware of the 
delay in data displayed.     

  EQUIPMENT 

    •     Nonsterile gloves  
  •     Cardiac monitor  
  •     Hemodynamic monitoring system (see  Procedure 75 )  
  •     PA catheter (in place)  
  •     CO computer or module  
  •     Connecting cables    
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 Additional equipment, to have available as needed, includes 
the following:
    •      Bolus thermodilution

    ❖      Injectate temperature probe  
   ❖      Injectate solution  
   ❖      10-mL prefi lled syringes  
   ❖      Injectate solution bag with intravenous (IV) tubing and 

three-way Luer-Lok stopcock  
   ❖      Closed CO injectate system  
   ❖      Ice (for cold injectate only)  
   ❖      Nonvented caps for stopcocks     

  •     Setup for CCO  
  •     Syringe holder or automatic injector device  
  •     Printer  
  •     Dispensing port     

  PATIENT AND FAMILY EDUCATION 

    •     Explain the procedure for CO and the reason for its mea-
surement. Include expectations related to sensations during 
the procedure. (The patient should not experience pain or 
discomfort.)   Rationale:   Explanation decreases patient 
and family anxiety. Preparatory information of sensations 
decreases patient fear of the impending procedure.  

  •     Explain the monitoring equipment involved, the frequency 
of measurements, and the goals of therapy.   Rationale:   
Explanation encourages the patient and family to ask ques-
tions and voice specifi c concerns about the procedure.  

  •     Explain any potential variations in temperature the patient 
may or may not experience if a cold injectate is used. 
  Rationale:   This explanation acknowledges the varying 
physical responses to the injectate and the possible per-

ception of cold solution and may decrease anxiety associ-
ated with the procedure .      

  PATIENT ASSESSMENT AND 
PREPARATION 
  Patient Assessment 
    •     Assess the patient ’ s history of medication therapy, includ-

ing medication allergies, recent bolus therapies, and current 
medications.   Rationale:   Medications can infl uence CO 
measurements.  

  •     Assess the patient ’ s medical history for the presence of 
coronary artery disease, valvular heart disease, and left or 
right ventricular dysfunction.   Rationale:   Medical history 
provides baseline information regarding cardiovascular 
performance.  

  •     Assess current intracardiac waveforms (e.g., PAP, RAP, 
PAOP).   Rationale:   This assessment ensures the PA cath-
eter is positioned properly.  

  •     Assess the patient ’ s vital signs, fl uid balance, heart and lung 
sounds, skin color, temperature, level of consciousness, 
peripheral pulses, cardiac rate and rhythm, and hemody-
namic values. In patients with advanced systolic heart 
failure, assess for pulsus alternans (alternating strong and 
weak pulses).   Rationale:   Clinical information provides 
data regarding blood fl ow and tissue perfusion. Abnormali-
ties can infl uence the variability of CO measurements.  

  •     Ensure that no medication is being infused via the proxi-
mal port.   Rationale:   Medications infused via this port will 
be bolused into the patient if the bolus CO method is 
utilized. This is not an issue with the CCO method.     

  Figure 64-4      Closed injectate delivery system. Cold temperature injectate.      (From Edwards Life-
sciences, LLC, Irvine, CA.)   
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  Figure 64-5      Closed injectate delivery system. Room temperature injectate.      (From Edwards Life-
sciences, LLC, Irvine, CA.)   
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 Steps  Rationale  Special Considerations 

   1.      HH      
   2.      PE       
   3.     Select the injectate delivery 

system: open or closed method. 
  (Level B   *  )   

Both systems are reliable.  32,37,40  A closed system may eliminate cost 
and time expenditures of individual 
syringe preparation. 

 The closed system has infection 
control benefi ts because of 
reduction of multiple entries into 
the system.  34  

   4.     Select cold or room temperature 
injectate. 
 ( Level B   *   )    

Room temperature injectate may be 
used for most patients. Research on 
room temperature versus cold 
injectate supports the accuracy of 
either method.  7,9,12,23,41,42,45,48   

 Cold injectate may improve the 
accuracy of CO measurement for 
patients with low or high CO.  45  

The acceptable temperature range for 
cold and room temperature injectate 
varies by system (manufacturer). 

 Generally, room temperature is 
18–25 °C, and cold is 0–12 °C.

   Procedure  for Measurement of Cardiac Output With the Closed or Open 
Thermodilution Method    

 *  Level B: Well-designed, controlled studies with results that consistently support a specifi c action, intervention, or treatment. 

Procedure continues on following page

  Patient Preparation 
    •     Verify that the patient is the correct patient using two 

identifi ers.   Rationale:   Before performing a procedure, the 
nurse should ensure the correct identifi cation of the patient 
for the intended intervention.  

  •     Ensure that the patient and family understand preprocedural 
information. Answer questions as they arise, and reinforce 
information as needed.   Rationale:   Understanding of previ-
ously taught information is evaluated and reinforced.  

  •     Assist the patient to the supine position.   Rationale:   CO 
measurements are most accurate in the supine position.      
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 Steps  Rationale  Special Considerations 

   5.     Select the injectate bolus amount 
(generally 10 mL).  (Level B   *   )    

An injectate of 10 mL may be used 
for most patients.  12,31,36  

Volumes of 5 mL may necessitate 
additional injections because of 
greater variability of individual 
measurements.  31  

   6.     Connect the CO cable to the PA 
catheter.   

Prepares the system.

   7.     Select the computation constant 
consistent with the type and size 
of the PA catheter, injectate 
volume, and injectate 
temperature. Confi rm the injectate 
delivery system.   

The computation constant is a 
correction factor determined by the 
catheter manufacturer that corrects 
for the gain of indicator (heat) that 
occurs as the injectate moves 
through the catheter from the hub 
of the injectate port to the injection 
port opening in the RA. 

 The catheter manufacturer provides a 
table to determine the correct 
computation constant. 

 The computation constant must be 
accurate for valid and reliable CO 
measurements.

Carefully select the correct 
computation constant for the type 
and catheter size, injectate volume, 
and cold or room temperature 
injectate. 

 Confi rm the setting on the CO 
computer/monitor. 

 Recheck the computation constant 
before each series of CO 
measurements. 

 Follow the manufacturer guidelines.

   8.     Connect the CO computer to the 
power source if it is a stand-alone 
device or turn on the CO 
computer or module.   

Supplies the energy source.

   9.     Note the temperature of the 
injectate (on the computer or 
monitor screen).   

The injectate temperature should be at 
least 10 °C less than the patient ’ s 
core temperature.  27  

Follow manufacturer ’ s 
recommendations.

   10.     Position the patient supine, with 
the head of the bed elevated no 
more than 20 degrees. 
  (Level B   *   )    

Studies of patients in the supine 
position with the head of bed fl at or 
elevated up to 20 degrees have not 
shown signifi cant differences in 
TDCO measurements.  18,21,25,50   

 Consistency in patient position may 
increase stability in consecutive CO 
readings.

CCO values may be accurate with the 
patient ’ s head of the bed elevated to 
45 degrees.  11,17   

 The patient ’ s medical condition and 
level of instability may determine 
positioning. 

 Position should be documented and 
communicated. 

 Consistent positioning when obtaining 
CO measurements over time 
decreases measurement variability. 

 Cautiously use CO values obtained 
from lateral positions. 

 The lateral recumbent position 
increases variability in CO 
measurements.  10,51  

   11.     Verify the position of the PA 
catheter by assessing both the RA 
and PA waveforms for proper 
waveform contours.   

Proper positioning of the PA catheter 
ensures that the distal thermistor is 
located in the PA. 

 The distal thermistor sensor calculates 
the time-temperature data. 

 Excessive coiling of the PA catheter 
in the RA or RV can result in poor 
positioning of the distal thermistor 
in relation to the injectate port.  22  

Improper positioning of the PA 
catheter tip may result in false 
values.  14,15,22,28  

Procedure for Measurement of Cardiac Output With the Closed or Open Thermodilution 
Method—Continued

*Level B: Well-designed, controlled studies with results that consistently support a specifi c action, intervention, or treatment.
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 Steps  Rationale  Special Considerations 

   12.     Observe the patient ’ s cardiac rate 
and rhythm.   

A rapid heart rate or dysrhythmias 
may decrease CO and lead to 
variability in CO measurements.

   13.     If possible, consider restricting 
infusions delivered through the 
introducer or other central lines. 
  (Level C   *   )    

TDCO measurements obtained during 
administration of other infusions 
can cause variability in CO 
measurements (by as much as 40% 
higher).  19,50  

   14.     Remove  PE     and discard used 
supplies.   

Reduces the transmission of 
microorganisms; Standard 
Precautions. 

   15.      HH      

Procedure for Measurement of Cardiac Output With the Closed or Open Thermodilution 
Method—Continued

   *  Level C: Qualitative studies, descriptive or correlational studies, integrative reviews, systematic reviews, or randomized controlled trials with inconsistent results.      

 Steps  Rationale  Special Considerations 

 Follow Steps 1–13 of the Procedure for Measurement of CO 
   1.      HH      
   2.      PE       
   3.     Obtain the injectate solution   
   4.     Aseptically connect the IV tubing 

to the injectate solution.   
Prepares the system.

   5.     Hang the IV injectate solution on 
an IV pole; prime the tubing.   

Eliminates air from the tubing.

   6.     Remove the sterile cap from the 
proximal lumen of the PA 
catheter.   

Prepares for the injectate connection.

   7.     Connect the injectate tubing to 
the proximal lumen of the PA 
catheter via a three-way Luer-Lok 
stopcock (see  Figs. 64-4  and 
 64-5 ).   

Connects the injectate solution to the 
PA catheter.

   8.     Connect the injectate syringe to 
the three-way stopcock (see  Figs. 
64-4  and  64-5 ).   

The syringe is used for solution 
injection.

Connect the system so that the CO 
syringe is in a straight line with the 
PA catheter to decrease resistance 
with injection of solution. 

 To ensure accurate readings, when 
using a multiport PA catheter the 
proximal port should be used rather 
than the venous infusion port.  38  

   9.     Connect the inline temperature 
probe (see  Figs. 64-4  and  64-5 ).   

Measures the injectate temperature. Verify temperature.

   10.     If using cold injectate, set up the 
cold injectate system (e.g., 
CO-Set closed injectate system; 
see  Fig. 64-4 ).   

If using cold injectate, cool the 
injectate solution to 0–12 °C 
(32–53 °F).

Refer to manufacturer ’ s 
recommendations. 

 Cold injectate may be proarrhythmic 
in some patients.  35,46  

   11.     Turn the stopcock so that it is 
open to the injectate solution 
(closed to the patient) and 
withdraw 10 mL of the injectate 
solution into the syringe.   

Prepares for injection.

   Procedure  for Closed-Method of Syringe Preparation and Cardiac Output Determination    

Procedure continues on following page
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 Steps  Rationale  Special Considerations 

   12.     Turn the stopcock so that it is 
closed to the injectate solution 
and open to the patient. Support 
the stopcock with the palm of the 
nondominant hand to aid in 
injectate administration.   

Minimal handling ( < 30 seconds) of 
the syringe is recommended to 
avoid thermal indicator variation 
that may introduce error into the 
CO calculation.  5,8,28  

Syringe holders or automatic injector 
devices are available and can be 
used.

   13.     Activate the CO computer, and 
wait for the “ready” message.   

The CO computer or module needs to 
be ready before injection of 
solution.

Follow manufacturer ’ s guidelines.

   14.     Before administering the bolus 
injectate, observe for a steady 
baseline temperature (e.g., the 
line before the CO curve begins 
should be fl at without 
undulations) on the monitor 
screen (see  Figs. 64-2B  and 
 64-3A ).   

An abnormal baseline may increase 
variability in CO measurements and 
introduce error.  1  

Patients with advanced systolic heart 
failure (low ejection fraction) are 
more susceptible to a wavering 
initial baseline from unstable PA 
blood temperature.

   15.     Observe the patient ’ s respiratory 
pattern. Prepare to begin 
administering the injectate at end 
expiration to decrease variance in 
CO measurements from the 
respiratory cycle 
  (Level C   *   )    

End expiration is defi ned as the phase 
of the respiratory cycle preceding 
the start of inspiration. 

 Signifi cant variations in transthoracic 
pressure during respiration can 
affect CO by altering venous 
return.  20,40,44,45  

Follow institution standard.

   16.     Administer the bolus injectate 
rapidly and smoothly in 4 
seconds or less.   

Prolonged injection time may result 
in false low CO. 

 Rates of 2–4 seconds for injection of 
5–10 mL of injectate yield accurate 
results.  5,13,43  

A prolonged injection time interferes 
with time and temperature 
calculations. 

 One respiratory cycle is generally  < 4 
seconds. 

 One ventilation cycle on a ventilator 
is generally 4 seconds.

   17.     Assess the CO curve and value 
on the monitor screen (see  Figs. 
64-2  and  64-3 ).   

The CO curve must be a normal 
curve. 

 A normal curve starts at baseline 
(baseline must be a straight, fl at, 
nonwavering line) with a smooth 
upstroke and a gradual downstroke. 

 If the CO curve is not normal, the CO 
measurement obtained from the 
injection should be discarded. 

 Abnormal contours of the curve may 
indicate improper catheter position. 

 An abnormal CO curve may represent 
technical error.

Normal CO is 4–8 L/min. 
 Abnormal CO curves may also 

provide information about the 
patient ’ s clinical condition, such as 
tricuspid valve regurgitation.

   18.     Repeat Steps 3 through 17 (up to 
three times total for cold injectate 
and up to fi ve times total for 
room temperature injectate).   

Discard all CO measurements that do 
not have normal CO curves or have 
wandering baselines.

Allow 60 seconds between each CO 
measurement to ensure consistency 
and accuracy.

Procedure for Closed-Method of Syringe Preparation and Cardiac Output 
Determination—Continued

 *  Level C: Qualitative studies, descriptive or correlational studies, integrative reviews, systematic reviews, or randomized controlled trials with inconsistent results. 
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   *  Level E: Multiple case reports, theory-based evidence from expert opinions, or peer-reviewed professional orga nizational standards without clinical studies to 
support recommendations.      

 Steps  Rationale  Special Considerations 

   19.     Determine the CO measurement 
by calculating the average of 
three measurements within 10% 
of a middle (median) value. 
 (Level E   *   )    

Determines accurate CO value.  49  

   20.     Return the proximal stopcock at 
the RA lumen to the original 
position.   

Resumes RA monitoring.

   21.     Continue infusions delivered 
through the introducer or other 
central lines.   

Continues therapy.

   22.     Observe the PA and RA 
waveforms on the monitor.   

Continues hemodynamic monitoring.

   23.     Remove  PE     and discard used 
supplies in appropriate 
receptacles.   

Reduces the transmission of 
microorganisms; Standard 
Precautions.

   24.      HH      
   25.     Determine the hemodynamic 

calculations.   
Assesses cardiac performance and 

hemodynamic status.
Compare the values with prior values 

and determine whether the plan of 
care requires alterations.

Procedure for Closed-Method of Syringe Preparation and Cardiac Output 
Determination—Continued

 Steps  Rationale  Special Considerations 

 Follow Steps 1–13 of the Procedure for Measurement of Cardiac Output 
   1.      HH      
   2.      PE       
   3.     Prepare syringes or obtain 

manufactured prefi lled syringes 
for CO determination.
   A.     Clean the injectate port of the 

D5W IV bag with an alcohol 
wipe.  

  B.     Apply a dispensing port to the 
bag ’ s injectate port  

  C.     Aseptically withdraw the 
injectate solution from the IV 
bag into three to fi ve 10-mL 
syringes and cap securely.      

Prepares the injectate for CO 
measurements.

Prefi lled syringes may decrease 
variability related to injectate 
volume. 

 Manufactured prefi lled syringes may 
be stored per manufacturer ’ s 
recommendations. 

 Solutions drawn up should be used 
immediately for CO measurements. 

 Solution drawn up in the clinical area 
(as opposed to under a laminar fl ow 
area) that has no preservative, 
should not be stored for later use. 

 A dispensing port negates the use of 
needles and reduces the incidence 
of accidental needlesticks.

   4.     Cold injectate: Cool the syringes 
in ice.   

Iced slush is used to cool syringes. Place syringes in a bag in the 
container, not directly into the 
slush. 

 Handling of a cold syringe causes 
warming and hampers validity of 
CO measurements.  5,8,28   

 Cold injectate may be 
proarrhythmic.  35,46  

   Procedure  for Open Method of Syringe Preparation and Cardiac Output Determination    

Procedure continues on following page
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 Steps  Rationale  Special Considerations 

   5.     Remove the nonvented cap from 
the proximal lumen stopcock of 
the PA catheter.   

Prepares the stopcock.

   6.     Aseptically connect one of the 
sterile CO injectate syringes onto 
the proximal lumen stopcock of 
the PA catheter.   

Reduces the risk of introducing 
microorganisms into the system.

   7.     Turn the stopcock so that it is 
closed to the fl ush solution and 
open between the injectate 
syringe and the patient. Support 
the stopcock with the palm of the 
nondominant hand.   

Prepares the system for injectate 
administration.

Minimize handling ( < 30 seconds)

   8.     Connect the inline temperature 
probe (see  Figs. 64-4  and  64-5 ).   

Measures the injectate temperature.

   9.     Activate the CO computer, and 
wait for the “ready” message.   

The CO computer or module needs to 
be ready before injection of 
solution.

Follow manufacturer ’ s guidelines.

   10.     Before administering the bolus 
injectate, observe for a steady 
baseline temperature (e.g., the 
line before the CO curve begins 
should be fl at without 
undulations) on the monitor 
screen (see  Figs. 64-2B  and 
 64-3A ).   

An abnormal baseline may increase 
variability in CO measurements and 
introduce error.  1  

Patients with advanced systolic heart 
failure (low ejection fraction) are 
more prone to a wavering initial 
baseline from unstable PA blood 
temperature.

   11.     Observe the patient ’ s respiratory 
pattern. Prepare to begin 
administering the injectate at end 
expiration to decrease variance in 
CO measurements from the 
respiratory cycle 
  (Level C   *   )    

End expiration is defi ned as the phase 
of the respiratory cycle preceding 
the start of inspiration. 

 Signifi cant variations in transthoracic 
pressure during respiration can 
affect CO by altering venous 
return.  20,40,44,45  

Follow institution standard.

   12.     Administer the bolus injectate 
rapidly and smoothly in 4 
seconds or less.   

Prolonged injection time may result 
in false low CO. 

 Rates of 2–4 seconds for injection of 
5–10 mL of injectate yield accurate 
results.  5,13,43  

A prolonged injection time interferes 
with time and temperature 
calculations. 

 One respiratory cycle is generally  < 4 
seconds. 

 One ventilation cycle on a ventilator 
is generally 4 seconds.

   13.     Assess the CO curve and value 
on the monitor screen (see  Figs. 
64-2  and  64-3 ).   

The CO curve must be a normal 
curve. 

 A normal curve starts at baseline 
(baseline must be a straight, fl at, 
nonwavering line) with a smooth 
upstroke and a gradual downstroke. 

 If the CO curve is not normal, the 
reading should be discarded. 

 Abnormal contours of the curve may 
indicate improper catheter position. 

 An abnormal CO curve may represent 
technical error.

Normal CO is 4–8 L/min. 
 Abnormal CO curves may also 

provide information about the 
patient ’ s clinical condition, such as 
tricuspid valve regurgitation.

Procedure for Open Method of Syringe Preparation and Cardiac Output 
Determination—Continued

 *  Level C: Qualitative studies, descriptive or correlational studies, integrative reviews, systematic reviews, or randomized controlled trials with inconsistent results. 
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 Steps  Rationale  Special Considerations 

   14.     Repeat Steps 6 through 13 (up to 
three times total for cold injectate 
and up to fi ve times total for 
room temperature injectate).   

Obtains CO measurements. Discard 
all CO measurements that do not 
have normal CO curves or have 
wandering baselines.

Allow 60 seconds between each CO 
measurement to ensure consistency 
and accuracy. 

 Asepsis is essential as the stopcock is 
turned and syringes are exchanged 
between CO measurements.

   15.     Determine the CO measurement 
by calculating the average of 
three measurements within 10% 
of a middle (median) value. 
  (Level E   *   )    

Determines accurate CO value.  49  

   16.     After the last injectate is 
completed:
   A.     Turn the right atrial lumen 

stopcock of the PA catheter so 
that the system is open between 
the patient and the transducer.  

  B.     Aseptically remove the last 
injectate syringe.  

  C.     Place a new, sterile, 
nonvented cap on the 
stopcock port.      

Closes the system; maintains the 
sterility of the system.

   17.     Observe the PA and RA 
waveforms on the monitor.   

Continues hemodynamic monitoring.

   18.     Remove  PE     and discard used 
supplies in appropriate 
receptacles.   

Removes and safely discards used 
supplies.

   19.      HH      
   20.     Determine hemodynamic 

calculations.   
Assesses cardiac performance and 

hemodynamic status.
Compare values with prior values and 

determine whether the plan of care 
requires alterations.

Procedure for Open Method of Syringe Preparation and Cardiac Output 
Determination—Continued

   *  Level E: Multiple case reports, theory-based evidence from expert opinions, or peer-reviewed professional orga nizational standards without clinical studies to 
support recommendations.       

 Steps  Rationale  Special Considerations 

   1.      HH      
   2.      PE       
   3.     Turn on the CO computer or 

module.   
Provides energy.

   4.     Connect the CO cable to the PA 
catheter.   

Prepares equipment.

   5.     Observe PA waveforms (e.g., RA, 
PA).   

Determines whether the PA catheter is 
in the correct position.

The thermal fi lament should fl oat 
freely in the RV to prevent the loss 
of indicator (heat) into the cardiac 
tissue. 

 If the loss of indicator occurs, the CO 
value is overestimated, giving 
erroneous readings. 

 Follow manufacturer ’ s guidelines. 
 The device may not measure CO if 

the PA catheter is malpositioned.

   Procedure  for Measurement of Cardiac Output With Continuous Cardiac Output Method 

Procedure continues on following page
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 Steps  Rationale  Special Considerations 

   6.     Position the patient supine with 
the head of the bed elevated up to 
45 degrees.  (Level C   *   )    

CCO measurements are most accurate 
in a supine position, but head-of-
bed angle can be varied for 
comfort, between 0 and 45 
degrees.  16  

Additional studies are needed to 
determine the effect of patient body 
position on CCO measurements. 

 Document body position at the time 
of hemodynamic data collection.

   7.     Check the heat signal indicator 
on the CO computer or module 
per manufacturer ’ s 
recommendations.   

CCO systems assess the quality of 
the measured thermal signal. 
Relationships are in response to 
thermal noise or signal-to-noise 
ratio.

CCO monitors provide messages for 
troubleshooting signal-to-noise ratio 
interferences. 

 Refer to manufacturer 
recommendations. 

 Technologic advances suppress the 
effects of blood thermal noise.  52  

   8.     Note that the CCO values refl ect 
an average of the preceding 3–6 
minutes of data collection.   

CCO measurements are averaged over 
the preceding 3–6 minutes and are 
not individual measurements.

CCO values are updated every 30–60 
seconds. Continuous data collection 
refl ects phasic changes in the 
respiratory cycle. 

 CCO measurements are not timed to 
the respiratory cycle.

   9.     When documenting CCO values, 
also document other 
hemodynamic fi ndings.   

Provides data regarding hemodynamic 
status.

   10.     Compare the CCO value with the 
patient ’ s current clinical status 
and hemodynamic fi ndings.   

CCO is a global assessment parameter 
and must be appreciated as part of 
the patient ’ s total hemodynamic 
profi le at a given time.

The CCO method eliminates many of 
the potential user-related and 
technique-related errors associated 
with the intermittent bolus CO 
method. 

 Research shows clinically acceptable 
correlation between the TDCO 
technique and the CCO method in 
the steady state.  1,6,30,32,33   

 Future studies are needed to 
determine effi cacy in patients in 
various phases of acute 
hemodynamic instability and in 
specifi c patient populations. 

 Also, the effects of changes in 
positioning need to be studied 
further, especially in patients with 
structural or functional heart 
damage.

   11.     Note: The CCO catheter system 
can be used to obtain TDCO by 
following Steps 1–13 of the 
Procedure for Measurement of 
Cardiac Output with the Closed 
or Open Thermodilution Method 
CO and then follow the steps for 
either the Closed or Open 
Method of Syringe Preparation 
and Cardiac Output 
Determination.   

   12.     Remove  PE     and discard used 
supplies in appropriate receptacles.   

Removes and safely discards used 
supplies.

   13.      HH      

Procedure for Measurement of Cardiac Output With Continuous Cardiac Output 
Method—Continued

  *  Level C: Qualitative studies, descriptive or correlational studies, integrative reviews, systematic reviews, or randomized controlled trials with inconsistent results.     
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  Expected Outcomes 
    •     Accurate CO measurement are obtained  
  •     Hemodynamic profi le and derived parameters are 

obtained with accuracy, whether through the 
continuous or intermittent method  

  •     Sterility and patency of the PA catheter is maintained     

  Unexpected Outcomes 
    •     Inability to accurately measure CO  
  •     Erroneous readings because of technical, equipment, 

or operator error  
  •     Contamination of the system  
  •     Occlusion of the proximal PA lumen     

  Patient Monitoring and Care    
 Steps  Rationale  Reportable Conditions 

 These conditions should be reported if 
they persist despite nursing 
interventions. 

   1.     Maintain patency of the PA 
catheter.   

PA catheter patency is essential for 
accurate monitoring.

   •     Inability to maintain PA catheter 
patency   

   2.     Monitor RA and PA waveforms for 
confi rmation of proper catheter 
position.   

Proper placement determines accurate 
hemodynamic and CO 
measurement.

   •     Abnormal RA or PA waveforms or 
values   

   3.     Maintain the sterility of the PA 
catheter.   

Reduces the risk for catheter-related 
infections.

   •     Fever, site redness, drainage, or 
symptoms consistent with infection   

   4.     Calculate cardiac index, systemic 
vascular resistance, and other 
parameters as prescribed or 
indicated.   

Determines cardiac performance and 
current hemodynamic status.

   •     Abnormal cardiac index, systemic 
vascular resistance, or other 
hemodynamic values   

   5.     Monitor vital signs and respiratory 
status hourly and as indicated.   

Changes in vital signs or respiratory 
status may indicate hemodynamic 
compromise.

   •     Changes in vital signs  
  •     Changes in respiratory status   

   6.     Include the fl uid volume used in 
the TDCO in the patient ’ s total 
fl uid volume intake.   

Additional volume given 
intermittently should be included in 
the total intake for accurate fl uid 
volume assessment.

   •     Signs or symptoms of fl uid 
overload (e.g., respiratory distress, 
crackles, increased PADP or PAOP, 
elevated jugular venous pressure, 
new or worsening S3 gallop, 
worsening edema)   

   7.     Assess the patient ’ s response to 
therapies.   

Hemodynamic monitoring may 
expedite treatment decisions.

   •     Signifi cant worsening or 
improvement in CO and 
hemodynamic parameters.  

  •     Pulmonary vascular resistance 
(PVR) and systemic vascular 
resistance (SVR)   

   8.     If using a closed system delivery 
set (CO set), change the system 
components (tubing, syringe, 
stopcocks, and IV solution) every 
96 hours with the hemodynamic 
monitoring system (see Procedure 
75).   

Reduces the incidence of infection.

Procedure continues on following page
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  Documentation 
  Documentation should include the following: 
   •     Patient and family education  
  •     CO, cardiac index, SVR, volume indicators (PAOP and 

RAP)  
  •     CO curves  
  •     Baseline PA blood temperature  
  •     Continuous or intermittent bolus method  
  •     Volume and temperature of injectate  
  •     Concurrent headrest elevation, vital signs, and 

hemodynamic measurements  
  •     Titration or administration of medications that affect 

contractility (e.g., dobutamine, milrinone, dopamine, 
epinephrine), vascular resistance (e.g., intravenous 
nitrates or arterial vasodilator therapy [e.g., 

nitroprusside, nicardipine, or nesiritide]), and 
intravascular volume (e.g., diuretics)  

  •     Signifi cant medical therapies or nursing interventions 
that affect CO (e.g., intraaortic balloon pump or 
ventricular assist device therapies, volume expanders, 
position changes), vascular resistance, or 
intravascular volume (e.g., sedation, blood/blood 
products, headrest elevation, fl uid restriction, sodium 
restriction)  

  •     Unexpected outcomes  
  •     Additional interventions, including psychosocial or 

emotional/psychiatric interventions that might 
infl uence hemodynamic trends      

  References and Additional Readings 
 For a complete list of references and additional readings for 
this procedure, scan this QR code with any freely available 
smartphone code reader app, or visit 
  http://booksite.elsevier.com/9780323376624 .   




