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Catheter Positioning Effects
Francis G. Spinale, Ph. D. ; James L. Zellner� M. D. ; Rupak Mukhe-rjee, B. S.;

Stephanie E. Feriis�, M.S.; and Fred A. Crawford, M.D.

Right ventricular (RV) ejection fractions have been difficult

to estimate clinically. It has been demonstrated recently
that RV ejection fractions can be calculated by thermodi-
lution techniques using a rapid response thermistor and

computer. This method critically depends on adequate
mixing of the thermal bolus and sensing of the rapid

response thermistor. This study examined the effects of the
thermistor position within the pulmonary artery and mjec-

tate site Within the right atrium on RV thermodilution

ejection fraction measurements. Ten pigs were instru-
mented with a RV thermodilution catheter in the pulmonary
artery, an injectate catheter in the right atrium, an atrial-
pacing electrode, and a systemic arterial catheter. The RV

ejection fractions were determined using thermodilution in
two ways: (1) with incremental increases in pulmonic valve

to thermistor distance, and (2) with incremental increases

in injectate port to tricuspid valve. These measurements
were obtained at a paced rate of 107 ± 1 beats per minute

(bpm) and then repeated with pacing-induced tachycardia

(140 bpm). The highest RV ejection fraction with the lowest
coefficient of variation was with the thermistor 2 cm from

T he relative neglect of right ventricular (RV) per-

formance in clinical and laboratory investigations

has resulted in part from the focus on the left ventricle

as being a more important chamber of the heart.

However, recent studies have clearly shown the im-

portance ofthe RV in ischemic heart disease, congen-

ital heart disease, and pulmonary hypertension. ‘t’ A

second cause for relative inattention to RV function is

that unlike the left ventricle, the RV chamber cannot

be considered to possess a simple geometric shape,

preventing easy volume calculations. Kay et albo dem-

For editorial comment see page 1054

onstrated that a modification of the thermodilution

method using a rapid-response thermistor may provide

a means to estimate RV ejection fraction and volumes.

This method obviates the need for geometric assump-
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the pulmonic valve (50 ± 2 percent), with a significant

decline from this value at 10 cm (42 ±4 percent, p<O.05).

This reduction in RV ejection fraction values with increased
pul monic valve to thermistor distance became more pro-

nounced with tachycardia where a significant decline in RV

ejection fraction occurred at 4 cm from the valve when

compared with 0 cm (38 ± 6 percent vs 47 ± 3 percent,

respectively, p<O.05). There was no signfficant change in

RV ejection fraction at any injectate port to tricuspid valve
distance at the lower heart rate. With tachycardia, however,

a significant decline in RV ejection fraction occurred with

the injectate port located 7 cm from the tricuspid valve

(p<O.OS). These results demonstrate that RV ejection frac-
tions can be reliably obtained using thermodilution. Posi-

tioning of the thermodilution catheter is an important
consideration for obtaining optimal RV ejection fraction

measurements. Care should be taken to position the cath-

eter with the thermistor a minimal distance from the
pulmonic valve and the injectate port within the central
body of the right atrium. (Chest 1990; 98:1259-65)

tions of RV shape and does not require the use of

complex equipment. Several clinical studies have

demonstrated the utility ofthe thermodilution method

for monitoring RV function in critically ill patients. “�‘�

This laboratory previously reported that RV ejection

fractions obtained by thermodilution were correlated

with biplane ventriculography.0687 This study also

demonstrated that the thermodilution technique un-

derestimated RV ejection fraction when there was a

large distance between the pulmonic valve and the

thermistor. However, the precise distance from the

pulmonic valve where this significantly affects ther-

modilution ejection fraction measurements is un-

known. The thermodilution technique is based on the

principle ofconservation ofenergy where the injected

thermal bolus must mix completely with the blood to

obtain accurate and repeatable measurements. Thus,

the site of injection of the thermal indicator must be

carefully considered to ensure that the entire thermal

bolus enters the RV. Catheter positioning constraints

with respect to placement of the injectate port within

the right atrium and the thermistor within the pul-

monary artery are not well understood. Currently, it

is recommended that the injectate port ofthe catheter

be placed just proximal to the tricuspid valve.18 This

positioning requirement may pose difficulties when
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(1) different venous insertion methods are employed,

(2) the catheter is to be used in smaller hearts such as

those in small adults and pediatric patients, and (3) it

may not allow for the measurement of pulmonary

capillary occlusion pressures in large hearts. With

small hearts, the requirement ofpositioning the injec-

tate port just proximal to the tricuspid valve would

place the thermistor a large distance from the pul-

monary valve and may result in underestimation of

RV ejection fraction.’6’7 Secondly, placement of the

injectate port at the tricuspid valve in small hearts

may result in spontaneous pulmonary capillary occlu-

sion of the catheter tip. Therefore, it would be

desirable to retract the catheter from the tricuspid

valve into the body of the right atrium to minimize

the length of catheter within the pulmonary artery.

However, the effect of right atrial mixing and the

distance from the tricuspid valve on thermodilution

RV ejection fractions is also unknown.

The purpose of this study was to (1) examine the

effect of incremental increases in the distance of the

injectate port from the tricuspid valve on thermodi-

lution RV ejection fraction measurements, and (2)

more precisely characterize the effect of pulmonic

valve to thermistor distance on these thermodilution

measurements.

Experimental Preparation

METhODS

Ten Yorkshire swine(25 to 30 kg) were anesthetized with 2 percent

isofiurane and 1.5 11mm of oxygen and ventilated through a

nonrecirculating anesthesia circuit. All animals used in this study

were treated in accordance with the National Institutes Guide for

the Care and Use of Laboratory Animals.1#{176} The experimental

preparation is presented in Figure 1. A femoral artery and vein
were exposed and an externally calibrated microtipped transducer

(PPG Biomedical Systems mc, Pleasantville, NY) was placed in the

abdominal aorta for monitoring systemic blood pressure. Under

fluoroscopic guidance, a thermodilution RV ejection fraction cath-

eter (93A-431H-7.5, Baxter Heaithcare Corp, Santa Ana, CA)

mounted with a rapid response thermistor was positioned in the

pulmonary artery. The thermistor from this catheter was connected

to a computer (REF-i, Baxter Heaithcare Corp. Santa Ann, CA)

where the thermodilution curve was obtained and cardiac output,

RV ejection fraction, and volumes were computed. The method

employed for obtaining RV ejection fractions using thermodilution

is presented in the Appendix. The distal lumen of the pulmonary

artery catheter was connected to a calibrated and balanced trans-

ducer (P23-ID Statham, Gould mc, Oxnard, CA) for monitoring

pulmonary artery pressure. To examine the effects of both pulmo-

nary artery and right atrial positioning on thermodilution ejection
fraction measurements, it was necessary to use two catheters of the

same thermal transfer characteristics that could be moved indepen-

dently. This was accomplished by positioning one thermodilution

catheter with a rapid-response thermistor in the pulmonary artery

via the femoral approach. A second thermodilution catheter was

cut just distal to the injectate port and was advanced into the right

atrium from the jugular approach (Fig 1). The distal port of this

modified catheter was connected to a calibrated transducer for

monitoring right atrial pressure. Pressure values and thermodilution
curves were recorded using a multichannel recorder (78304A,

FIGURE 1. Experimental preparation. A pulmonary artery catheter
mounted with a rapid-response thermistor was located just proximal

to the pulmonic valve, and a modified catheter with the same
thermal characteristics was placed just distal to the tricuspid valve

for thermal injections. These two catheters allowed independent

movement of the mjectate port and thermistor. A microtransducer
was positioned in the abdominal aorta, and a pacing lead was placed

in the right atnial appendage.

Hewlett Packard Corp, Andover, MA). To maintain a constant heart

rate throughout the experiment, the animal was atrially paced (105

to 110 beats per minute [bpm]). Under fluoroscopy, a shielded

stimulating electrode was positioned into the right atrial appendage

and connected to an external pacemaker (Medtronics mc, Minne-

apolis, MN). Bipolar limb leads were placed and an electrocardio-

gram (ECG) was continuously monitored using lead 1 and the

analog ECG signal was input to the ejection fraction computer

(REF-i). Finally, a percutaneous cystostomy was performed to

maintain urinary drainage.

Catheter Positioning

The injection port was positioned just proximal (�5 mm) to the

tricuspid valve. This position was established by recording the

pressure from the injectate port while advancing the catheter until

a right ventricular trace was obtained and then slowly withdrawing

the catheter until a right atrial pressure tracing was obtained. This

position was then confirmed by infusing 5 ml of radiopaque dye

through the injection port and visualizing the tricuspid valve. The

rapid-response thermistor mounted on the pulmonary artery cath-

eter was positioned just distal to the pulmonic valve using fluoros-

copy. These catheter positions were considered the “zero” starting

points for the experimental protocol described below

Experimental Protocol

Following a 30-minute stabilization period, a triplicate set of

thermodilution measurements were performed at the “zero posi-

tion.” The injectate catheter was then retracted in i-cm increments

from the tricuspid valve up to 5 cm with triplicate measurements

performed at each position. A final set of measurements were

performed at 7 cm from the tricuspid valve. All of these measure-

ments were performed without changing the thermistor location

within the pulmonary artery. Thermodilution measurements were

then repeated with the catheters at the zero position. The pulmonary

artery catheter was then advanced in 2-cm increments up to 10 cm

with measurements performed in triplicate at each position. The

order in which the injectate and pulmonary artery catheters were

manipulated was alternated with each animal,
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valve (10 ± 3 percent), with the lowest obtained at 2

cm (7 ± 1 percent).

As previously stated, the highest RV ejection frac-

tions with the lowest coefficient of variation were

obtained with the thermistor positioned 2 cm from the

pulmonic valve. The differences between RV ejection

fractions obtained at this 2-cm thermistor position and

the thermistor positioned beyond 2 cm from the

pulmonic valve are shown in Figure 3. The magnitude

of the difference in RV ejection fractions from the 2-

cm position steadily increased with increased ther-

mistor to pulmonic valve distance and became statis-

tically significant at 8 and 10 cm from the pulmonic

valve (p<0.05).

Table 1 presents the hemodynamic and volumetric

data obtained at each thermistor position. There was

no significant difference in aortic, pulmonary artery,

and right atrial pressures at any thermistor position.

In addition, there was no significant difference in

cardiac outputs obtained at each thermistor position.

The RV end-diastolic volumes tended to increase with

60

g

� 55

30 � 2 4 6 8 10

FU�MONIC VALVE TO Tl#{128}F�4ISTCR DISTe*LE (cm)

p � 2 3 4 5 B�7

D&ECTA1E I�RT TD 1RIQ�S’ID VAL.� DIST*N�E (cm)

FIGuRE 2A (top). Thermodilution right ventricular (RV) ejection

fractions were highest with the thermistor positioned 2 cm distal to

the pulmonic valve. The RV ejection fractions significantly declined
from these values at 10 cm distal to the pulmonic valve. B (bottom).

Moving the injeetate port proximally from the tricuspid valve

resulted in a steady increase in RV ejection fraction measurements

up to 3 cm, following which a decline in RV ejection fractions was
observed with increased injectate port to tricuspid valve distances.

However, none of these changes was statistically significant. Error
bars reflect the standard error of the mean (*p<O.05).
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To more closely examine the effect of atrial mixing on thermodi-

lution ejection fraction measurements, atrial filling time was re-

duced by increasing the heart rate to 140 bpm by atrial pacing.

Following a i5-minute stabilization period at this increased rate, a

set of measurements was performed with the catheters in the zero

position. The injectate catheter was retracted as described above

and measurements were repeated. Following completion of this

sequence of measurements, the injectate catheter was placed

proximal to the tricuspid valve, and thermodilution measurements

were then performed with the thermistor positioned 0, 4, and 10

cm from the pulmonic valve.

Mmonary Artery Volumes

On completion of the above protocol, the pulmonary artery

catheter tip was placed 10 cm from the pulmonic valve, and a lethal

dose of potassium chloride was administered. A sternotomy was

performed, the pulmonary artery catheter was clamped in place at

the inferior vena cavae, and the heart and lungs were removed in

toto. The diameter ofthe pulmonary artery just above the pulmonic

valve annulus was recorded and the path of the pulmonary artery
catheter was carefully followed to the thermistor position and the

diameter of the pulmonary artery at this location was recorded.

The volume of the pulmonary artery between the pulmonic valve

and the thermistor was computed for each position used in the

study based on a model for a truncated cone.w

Data Analysis

The objective of this study was to examine changes in RV

thermodilution ejection fraction measurements with respect to

catheter position. In a hemodynamically steady-state model, the

highest thermodilution ejection fraction measurements should
reflect the best mixing characteristics and temperature sensing by

the thermistor. Thus, comparisons were made with respect to the

highest RV thermodilution ejection fraction measurements obtained

in this study. Comparisons of thermodilution RV ejection fraction

obtained at each distance from the tricuspid and pulmonic valves
were performed using analysis ofvariance.#{176}’ The reproducibility of

the three thermodilution RV ejection fraction measurements oh-

tamed at each distance was examined by obtaining the coefficient

of variation for each set of triplicate measurements. If the analysis

of variance revealed significant differences, pairwise tests of mdi-

vidual group means were compared using Tukey�s procedure.21

RESULTS

Pulmonary Artery Positioning

Figure 2 presents the RV ejection fractions obtained

with incremental increases in thermistor to pulmonic

valve distances. The RV ejection fractions tended to

increase with the thermistor positioned 2 cm from the

pulmonic valve when compared with values obtained

with the thermistor positioned just distal to the

pulmonic valve. No statistically significant differences

between RV ejection fractions at any pulmonic valve

to thermistor distance were detected until the ther-

mistor was 10 cm from the pulmonic valve. The RV

ejection fractions were significantly lower at this

distance when compared with the other thermistor

positions used in this study (p<O.05).

The coefficient of variation ranged from 7 to 10

percent with no statistically significant differences

between thermistor positions. The highest coefficient

of variation was observed at 4 cm from the pulmonic
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Thermistor Distance, cm

0 2 4 6 8 10

Heartrate,bpm 107±1 107±1 107±1 107±1 107±1 107±1

Meanaorticpressure,mmllg 87±4 88±4 89±4 88±3 90±3 90±4

Mean pulmonary artery pressure, mm Hg 25 ± 2 25 ± 2 26 ± 1 24 ± 1 25 ± 1 26±2

Right atnial pressure, mm Hg 7 ± 1 7 ± 1 6 ± 1 7 ± 1 7 ± 1 6±1

Cardiacoutput, IJmin 3.7±0.2 3.8±0.2 3.8±0.2 3.7±0.2 3.8±0.2 3.8±0.2

Right ventricular end-diastolic volume, ml 74 ± 3 71 ± 3 72 ± 3 73 ± 3 78 ± 3 81 ± 3*

Pulmonaryarterydiameter, mm 11.4±0.8 9.8±0.6* 8.1±0.5* 6.5±0.4* 4.8±0.3* 3.2±0.2*

Pulmonary artery volume, ml - 1.74±0.13* 2.99±0.06* 3.83±0.26* 4.35±0.29* 4.63±0.30

*Sig�mfi�tly different from preceding value, p<O.05, n = 10.

increased pulmonic valve to thermistor distance with

a significant increase at 10 cm (p<O.05). Since this

value is computed from RV stroke volume and ejection

fraction (Appendix), and RV stroke volume remained

unchanged (constant heart rate and cardiac output),

then changes in end-diastolic volume reflect the

changes in RV ejection fraction. Pulmonary artery

volumes significantly increased with each thermistor

position (p<0.05) up to 8 cm distal to the pulmonic

valve. Pulmonary artery diameters decreased with

each thermistor position (p<0.05).

Right Atrial Positioning

Right ventricular ejection fractions obtained with

increased tricuspid valve to injectate port distances

are presented in Figure 2. There was an increase in

RV ejection fractions with each incremental increase

4 6 8 10

PULMONIC VALVE TO THERMISTOR OISTAN�E (cm)

FIGURE 3. The difference between right ventricular (RV) ejection

fraction measurements obtained with the thermistor positioned 2

cm from the pulmonic valve and beyond this position were
computed. The mean difference, expressed as the deviation in RV

ejection fraction units from the 2-cm thermistor position, is shown
on the y-axis. There was a steady increase in the difference in RV

ejection fractions obtained with incremental increases in pulmonic

valve to thermistor position. A statistically significant increase in

this difference was observed at 8 and 10 cm from the pulmonic
valve (p<0.05). Error bars indicate standard error ofthe mean.

in injectate port distance from the tricuspid valve up

to 3 cm . Right ventricular ejection fractions began to

decline with the injectate port placed beyond this

distance. However, none of these changes reached

statistical significance. The variability within each set

of triplicate RV ejection fraction measurements was

similar to those obtained with pulmonary artery

positioning with the coefficient of variation ranging

from 7 to 12 percent.

Cardiac outputs and mean aortic, pulmonary, and

right atrial pressures were very similar to those

obtained with manipulation of the pulmonary artery

catheter (Table 1) and did not significantly change with

the incremental increases in injectate port to tricuspid

valve distances.

Elevated Heart Rate

A hemodynamic summary following pacing-induced

tachycardia is presented in Table 2. Cardiac output

increased from the first portion ofthe study (p = 0.09),

with no statistically significant changes in aortic,

pulmonary, or right atrial pressure (p>O.50). There

was no significant change in these values during

manipulation of the pulmonary artery or right atrial

catheters. Right ventricular ejection fractions signifi-

cantly declined with increased pulmonic valve to

thermistor distance (Fig 4, p<O.O5). While there was

no significant decline in RV ejection fractions at 4 cm

during the first part of the study, increasing the heart

rate resulted in a significant decline in RV ejection

fractions when the thermistor was positioned at or

beyond 4 cm from the pulmonic valve (p<O.05). Unlike

the first portion of the study, there was a significant

decrease in RV ejection fractions obtained with the

Table 2-Hemodynamic Data with Elevated Heart Rate

Hemodynamic Data Mean ± SD

Heart rate, bpm 140±0

Mean aortic pressure, mm Hg 88 ± 2

Mean pulmonary artery pressure, mm Hg 27 ± 2

Right atrial pressure, mm Hg 9±1

Cardiacoutput, IJmin 4.2±0.5
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Ficuts�: 4A (top). A (leclille in right ventricular (RV) ejection fractions

with increased thern�istor to ptllna)IIic valve distance l)ec(une mort’

pronounced with tachycardia. A significant decline ui 1W ejection

fractions was obtained with the thern,istor 4 eni distal to tl�t’

puln�onic valve, and it significantly kll from this value at 10 cm

from the pulmonic valve. B (bottom). During tachvcardia, there was

a significant decline III RV ejectu)n fractions with the injectate port

located 7 cm proxinsal to the tricuspid valve. Error bars iII(licat(’

standard error of the ineaii (*p<0.05).

injectate port located 7 cm proximal to the tricuspid

valve (Fig 4, p<O.05).

DiscussioN

The use of thermodiltition and a rapid-response

thermistor provides a means to serially monitor RV

function in the critical care settingY�5 While thermo-

dilution provides a means to easily and safely obtain

RV ejection fractions and volumes at the bedside, the

effects of ejection fraction catheter positioning are

unknown. Therefore, the piirp�se of this study was to

examine the effect of changes in thermistor and

injectate port distances on RV ejectu)n fraction incas-

urements in smaller hearts. The most important

findings of this study were the following: (1) with a

heart rate of 107± 1 bpm, the highest LIV ejection

fraction measurements were obtained with the ther-

mistor positioned 2 to 8 cm distal to the pulnionic

valve; (2) at this heart rate, there were no significant

differences in RV ejection fractions ol)tained with the

injection port located 2 to 7 cm proximal to the

tricuspid valve; and (3) at increased heart rates (140

1)1)111), the changes in RV ejection fraction nieasnre-

merits became more pr�n�tiiicecl �vith changes in

thermistor and injectate port distances. These results

indicate that catheter positioning has a significant

effect on therniodilution RV ejection fraction incas-

urements in these small hearts. In our study, the

highest RV ejection fractions with the lowest coeffi-

cient of variation were obtained with the thermistor

positioned 2 ciii (liStal to the pulnionic valve and the

injectate port located within the central body of the

right atrium.

To exaiiiine the effects thermistor and injectate port

position had Oii therinodilution RV ejection fraction

nieasurenients, a hemodvnamic steady-state mo(lel

��‘as used . The animals were l)aced at the same heart

rate throughout the study, and aortic, puln)ollary, and

right atrial pressure were carefully monitored. The

consistencies in cardiac outputs that ��ere oI)taine(l

during catheter manipulation gave further evidence

that the anitnals were in a stead�’ state, ai�l thus,

meaningful comparisons of RV ejeCtR)II fractions with

respect to catheter positioning could be made.

To examine the effect of moving the injectate port

within the right atrium more closely, right atrial filling

characteristics were altered by elevating the heart

rate. It has been pre�i�tisly demonstrated that iii-

creased heart rates ��‘ill decrease right atrial filling

tinies.22 \Vith tachycardia, there ��‘as a decline in RV

ejection fraction ineasuren�ents with the thern)istor

I)0siti0lled l)eyOII(I 5 ciii f’ron the tiictIs1)id valve.
Furthe,; tachycardia resLilte(l in a nn�re I)I’oIlotl uced

decline iii RV ejection fraction n1easuren�eIIts with

iticreasing distances from the therm istor to the l)tll-

inoiiic ‘V�tlVt’. Iii the first part of the stud�c using lower

heart rates, a significant decline in RV ejection fraction

measurements ��‘as not (letecte(l until the thermistor

�s’as 8 cni distal to the ptilm�nic valve. The reason

\�h% the (lecline in RV ejection fraction mneasureneiits

occurred at a shorter thernnstor to I)tilmnonic valve

distance �vith tachvcardia is unclear, but it may l)e

due to alterations in flow characteristics within the

ptmln�onary artery�
The pr�l)al)le causes for changes in RV ejection

fractions with increased distances lwtween the injec-

tate 1)ort an(l the tricuspid valve are as follo�vs: (1)

incomplete niixing of the thermal h)olLlS resulting in

1tn unsteady temperature change fn)i1) one RV con-

traction to the next; (2) with the location ofthe injectate

port high in the l)ody of the right atrium, coronary

sinus flo�v may significantly influence the thermal

mixing characteristics; and (3) “streamnimig’� of the

thermal indicator n�ay occur (lime to infIo�v from the

Stiperior x’eria cavae resulting in a nonhomnogciieous

mixing of’ the thiern�tl indicatoi� \Vithi the lo�vem’ heart

rates used iii thic first part of this stimd� there was an

increase in RV ejection fractions ��‘hemi the injectate

 © 1990 American College of Chest Physicians
 by guest on September 14, 2009www.chestjournal.orgDownloaded from 

http://www.chestjournal.org/


1264 Thermodilutlon RV Ejection Fraction (Spinale eta!)

port was located 2 to 7 cm from the tricuspid valve.

With elevated heart rates, a significant reduction in

RV ejection fraction measurements was observed at 7

cm proximal to the tricuspid valve. Thus, this study

sugj�ests that optimal positioning occurs with the

injectate port located within the main body of the

right atrium.

Increased thermistor to pulmonic valve distances

resulted in a decrease in RV ejection fraction meas-

urements, an effect that was more pronounced with

tachycardia. We have reported previously that there

is a negative relationship between thermistor distance

and RV ejection fraction 16,17 This phe-

nomenon may be due to (1) the pulmonary artery

creating a secondary mixing chamber, (2) with ex-

tended distances from the pulmonary valve, the

thermistor is in a smaller diameter vessel and may be

secondarily heated by the vessel wall and surrounding

lung parenchyma, and (3) with decreased luminal

diameter of the pulmonary artery at more distal

thermistor locations, blood flow surrounding the ther-

mistor may be inadequate. Changes in the shape of

the thermodilution curve when a thermistor is posi-

tioned close to a vessel wall have been described

previously.� The thermodilution computation of RV

ejection fraction is dependent on a first-order expo-

nential decay of the thermodilution curve between

RV ‘#{176}Therefore, alterations in the shape

ofthe thermodilution curve due to abnormal position-

ing ofthe thermistor within the pulmonary artery may

not affect the area under the curve (cardiac output),

but they may have a significant impact on the RV

ejection fraction measurements. A combination of the

factors described above as well as others probably

contributed to a reduction in the rapid detection of

changes in blood temperature occurring in the pul-

monary artery, which in turn decreased RV ejection

fraction computations.

We did not measure RV ejection fractions using a

more established method such as ventriculography

simultaneously. However, we have shown previously

that the thermodilution method is significantly corre-

lated to ventriculographic measurements of RV ejec-

tion fraction when the thermistor distance from the

pulmonary valve is iz’7 The focus of the

present study was not to perform a comparison with

other methods, but to examine intrinsic variations that

may occur using the thermodilution method when

thermistor and injectate distances were manipulated.

In a hemodynamically steady-state model, we assumed

that a higher thermodilution RV ejection fraction

measurement was an indication of optimal mixing

characteristics and improved response at the thermis-

tor. The higher RV ejection fraction measurements

obtained in this study are the same as those obtained

previously by #{248}�rlaboratory using a similar experi-

mental 16,17

Increased pulmonic valve to thermistor distance

decreased thermodilution RV ejection fraction meas-

urements, particularly during tachycardia. However,

the variability within each set of measurements at all

thermistor positions was relatively low (<12 percent).

Therefore, while a statistically significant attenuation

of thermodilution RV ejection fractions occurred with

extended thermistor distances, these catheter posi-

tions may still be useful for serial monitoring of RV

ejection fractions. Indeed, one of the important ad-

vantages of thermodilution is that it is well suited for

repeated measurements over a short period. Thus, in

certain patients where ideal placement ofthe catheter

may not be possible, the RV ejection fraction meas-

urements may not be an absolute value but rather

provide valuable information on the relative changes

in RV pump performance over time.

We employed relatively small animals (20 to 30 kg)

for examining the positioning effects of thermodilution

RV ejection fraction measurements. In these small

hearts, we observed a decline in RV ejection fractions

with increased distances between the thermistor and

the pulmonic valve. There was no significant differ-

ence in RV ejection fractions when the thermal bolus

was injected within the central body of the right

atrium. With increased heart size, the pulmonary

artery and right atrial volumes will be larger. Thus,

optimal catheter positioning should be easier. Further,

with greater pulmonary artery volumes, the attenua-

lion ofRV ejection fractions with increased pulmonary

artery to thermistor distances may become inconse-

quential.

In summary, results from this study suggest that

positioning of the thermodilution catheter is an im-

portant consideration for obtaining optimal RV ejec-

tion fraction measurements. In clinical practice, where

the RV thermodilution catheter is to be used in smaller

hearts, care should be taken to position the catheter

with the thermistor a minimal distance from the

pulmonic valve. In conjunction with these thermistor

positioning requirements, the placement of the injec-

tate port within the central body of the right atrium

is also of importance.

APPENDIX

Thermodilution RV Ejection Fraction Measurements

The rapid response thermistor, analog ECG signal,

and injectate temperature probe were interfaced to

the RV ejection fraction computer (REF-i). The ther-

mal indicator used was 5 percent dextrose in water

stored for 60 minutes to obtain a steady-state temper-

ature of 0.0 to 1.4#{176}C.A 10-mi bolus was delivered

through the injection port at 50 psi within 2 s using a

power injector. The injections were performed at end

expiration with the exact temperature of the injectate
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recorded by a temperature probe located distal to the

injection site (Co-set, American Edwards, Santa Ana,

CA). Following the injection, the thermodilution curve

was plotted along with the synchronized R wave. If

the time vs temperature trace did not approximate a

lagged normal density curve,� or the R wave triggering

was incorrect, the measurement was repeated. All

measurements were performed in triplicate.

The thermodilution catheter was mounted with a

rapid-response thermistor (100 ms) capable of detect-

ing beat to beat changes in pulmonary artery temper-

attire. The thermistor response time of 100 ms refers

to the time necessary to detect a 63 percent step

change in temperature. The leads from the thermistor

and the analog ECG signal were interfaced to the

computer for signal processing. The heart rate was

determined from the ECG input signal and a computer

algorithm detected each R wave.

The RV ejection fraction was computed during the

downslope of the thermodilution curve where it ap-

proximates a first-order exponential process. The ther-

modilution method is based on the principle of con-

servation ofenergy where the ratio ofthe temperature

of the blood in the ventricle during the first systole

and the temperature of the blood during the second

systole are equated to an ejection ‘#{176}The

relationship between two successive temperature pla-

teaus synchronized to the R-wave, during the thermal

downslope, represents a residual fraction remaining

in the ventricle and can be used to calculate an

ejection fraction.

Cardiac output was determined by integrating the

temperature change of the blood occurring in the

pulmonary artery.� The RV stroke volume was oh-

tamed by computer as the quotient of cardiac output

and heart rate. With RV stroke volume and ejection

fraction known, RV end-diastolic and end-systolic

volumes were computed algebraically.
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