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ABSTRACT

The pulmonary artery wedge pressure, obtained with a balloon

catheter wedged in a branch of the pulmonary artery, is used in the

clinical cardiovascular setting as an estimate of left atrial pressure

(LAP). The theory behind this indirect LAP, which is that LAP is

reflected back through the pulmonary circulation to the blocked point,

where pressure is measured, is too simplistic and generally unsupported.

The literature concerning the relationship includes studies with a

variety of conditions and sample populations, and thus, contains seem

ingly conflicting reports on the reliability of PAW as an indication

of LAP. For this reason, the problem was approached in an engineering

fashion, and a model of the system was developed. The model, although

simple, is valuable as an educational tool to better understand the

system itself, and as a means of integrating the results of studies in

the 1 iterature.
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INTRODUCTION

The measurement of blood pressures within cavities of the heart is

often desirable in the clinical cardiovascular setting. These values may

be used for diagnosis of heart disease by comparison with accepted normal

values. Right heart pressures are readily obtained by passing a catheter

through the venous system. The measurement is actually obtained by

coupling the catheter to an external pressure transducer and recorder, to

display the pressure waveform. Left heart pressures are especially im

portant, since the left ventricle pumps blood to the body, but unfortu

nately, these are more difficult to obtain than right heart pressures.

Direct measurEments in the left heart can be achieved through catheteri

zation by either a transeptal route (right to left heart through punctured

septum), or an aortic route.
1

Both methods have disadvantages. Puncture

of the septum is traumatic, and travelling through the aorta toward the

heart is against the direction of blood flow and involves much bending of

the catheter near the heart, making the catheterization difficult. While

ventricular pressures can be obtained via the aortic route, the atrial

pressure is especially hard to obtain. For these reasons, indirect

methods of measurement are desirable. Difficulties were encountered in

the use of central venous pressure to estimate left heart pressures, and

this led to the development of the pulmonary artery wedge pressure (PAW)

measurement, which is considered to be an estimate of left atrial pres

sure.
1

For this measurement, the catheter is placed into a branch of the

This thesis follows the style of the Annals of Biomedical

Engineering.
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pulmonary artery, and the pressure is measured just past a temporary block

in the artery. This pressure is theorized to be left atrial pressure re

flected back through the pulmonary circulation to this point. Considering·

the complexity of the system, this theory is too simplistic, and is also

generally unsupported.

It would be helpful at this point to review the clinical method in

further detail, so that the manner' of obtaining PAW will be fully ex

plained and can be visualized when considering the theoretical aspects. A

balloon-tipped catheter, discussed by Swan, et al.,2 is used to obtain the

pressure measurement. The catheter contains two lumens along its length.

The major, or larger, lumen is a liquid-filled connection between the

opening at the catheter tip and the pressure transducer at the opposite

end, outside the body. The minor lumen contains a gas, preferably CO2,
for inflation of the balloon near the catheter tip, as shown in Figure 1.

A syringe is connected to this lumen at the other end, in order to push

a known volume of gas into the balloon. The catheter is inserted using

right heart catheterization.1 It is introduced into an accessible vein,

and threaded into the body. This path will eventually lead to the vena

cava, and the right atrium of the heart. The balloon can be inflated at

this point, so that the blood will aid in catheter insertion by carrying

the balloon with its flow. As Figure 2 illustrates, the catheter is in

serted further, so that it passes into the right ventricle and into the

pulmonary artery. It is then pushed further into the branching pulmonary

artery, until the balloon causes it to "wedge," and block flow in that

branch from the right ventricle. The catheter tip, however, is past the

balloon, so that the pressure past the blocked point is obtained. The

sequence of pressures obtained as the catheter is threaded through the
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Figure 1

Swan-Ganz Catheter with Inflated Balloon.
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Figure 2

Swan-Ganz Catheter Balloon "Wedged" in Pulmonary Artery.
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system, beginning with right atrial pressure (RA), is shown in Figure 3.

After RA, the right ventricular pressure (RV) is seen, followed by the

pulmonary artery pressure (PA), and, finally, the wedge pressure. The

clinician assumes he is obtaining wedge pressure when a pressure waveform,

similar to that shown, and to what he has obtained before, appears. This

method is used both in the clinical setting, from which data for research

is often obtained, and in experimental studies.

Pulmonary artery wedge pressure has been the topic of a significant

amount of research; thus, literature is available concerning its relation

ship to many other parameters and conditions. Among these studies are:

the use of PAW to predict left ventricular failure,3 changes due to the

use of positive end-expiratory pressure (PEEP),4,5 relationship of PAW to

colloid osmotic pressure in predicting risk of pulmonary edema,6,7 and

relationship of PAW to PA diastolic pressure with mitral stenosis.8 Com

plications resulting from the use of the balloon catheter have also been

studied.9 The specific literature which is relevant to this study com

pares PAW to LAP for normal or pathological conditions, and studies in

this category are shown in tabular form in Table 1, which shows the condi

tions worked under and conclusions reached for each investigator. All of

these reports included statements on the relationship between PAW and LAP,

while only some directly compared the two pressures experimentally, to

reach their conclusions.

This project is basically concerned with the theoretical aspects of

the wedge pressure measurement, or more specifically, the comparison of

PAW to LAP. As stated previously, PAW is theorized to be essentially

equal to LAP, through the assumption that the pressure directly past a

blocked branch of the pulmonary artery is LAP reflected back through the
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Investigator

TABLE 1

LITERATURE COMPARING PAW AND LAP

Conditions Conclusions

Gilbertson
1

Nevill e, et a 1 .

4

5
Hobelmann, et al.

Article is basically instructional
and a literature survey. Presents
no data; assumes that PAW correct

ly indicates LAP.

Measured LAP directly and PAW
with Swan-Ganz catheter on 19
open-chested dogs, with 5 cm H 0
PEEP. Measurements obtained wfth
catheter tip above, below, and at
the level of the left atrium.
LAP was "raised" by infusion of
Ringer's solution, and "lowered"
by bleeding to a mean arterial
pressure of 40 mm Hg.

Monitored PAW and LAP on six
adult baboons, while positive
end-expiratory pressure (PEEP)
was administered (various levels).
Study done because of possible
detrimental effect of PEEP on

cardiac output. Fall in CO asso

ciated with increased PAW.

States that the use of larger branches

(for measurement of PAW) will result in
a closer relationship between PAW and

LAP, and less damping of the waveform.

Measurement of LAP by PAW requires
the system to be fluid-filled from the
catheter tip to the left atrium.
Erroneous measurements occur when
catheter tip is above the level of left
atrium. Pulmonary veins and capillar
ies below the LA are always patent.
Elevated LAP ensures patency, even if
PAW measured above the LA, and PAW is
valid. As LAP falls, the number of
nonpatent vessels increases, and proba
bility of error increases.

-......J

Found that PAW and LAP were very differ
ent at high levels of PEEP; concludes
that this was due to an impedance to
flow between the pulmonary pre-capillary
vessles and left atrium.
Noted that other investigators conclu
ded that increased alveolar pressure
from PEEP collapses the pulm. capillar
ies, and so impedes capillary flow.
Conclude that PAW may not reliably
indicate LAP at any level of PEEP.



Investigator

TABLE 1 (CONT.)

Conditions Conclusions

Fitzpatrick, et al.
10

Walston, et al.
11

Humphrey, et al.
12

Studied 12 patients with congen
ital, rheumatic, or coronary
disease requiring open cardiac

surgery. Six of 12 had pre
existing pulmonary hypertension.

Records of 700 patients (1959-
72) obtained at cardiac cathe
terization were analyzed. Pa
tients were grouped into normals
(23), coronary artery disease
(54), mitral stenosis (159),
mitral insufficiency (39), and

patients with more than one val
vular lesion (310). LAP meas

ured by transseptal left atrial
puncture.

Monitored direct LAP and PAW on

43 patients who had undergone
cardiac surgery (no PEEP used),
for 48 hours.

The larger the branch of the pulmon
ary artery blocked in PAW measurement,
the better the correlation of PAW to
LAP.
PAW was concluded to be a "highly
reliable index of mean left atrial
pressure.

II

The prediction of LAP when PAW is
above 10 mm Hg can be shown to have

significant error.
Mean PAW is a "rnoder-at e l y accurate

predictor of mean left atrial pressure
at these low norma 1 wedge pressures.

II

The loss of correlation stated above

may be due to high pressures across the

pulmonary capillary bed altering the
ratio of arterial and venous compliance,
resulting in asymmetric transmission
of pressure waves.

co

The pooled correlation coefficient for
PAW and LAP was 0.629. LAP was iden
tical to PAW in 24% of cases, within
±1 mm Hg in 62.1% and within ±4 mm Hg in
94.6%.
Found that left ventricular disfunc
tion had no bearing on correlation.
Indirect LAP measurements are a useful
and reliable reflection of LAP.
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pulmonary circulation. However, the pulmonary circulation, like the sys

temic circulation, has a very complicated arrangement, with the pulmonary

artery branching into many smaller arteries, which branch into even smal

ler capillaries, which then rejoin into larger venules and veins, finally

becoming the pulmonary vein. Considering this complexity, it is simply

not apparent that the two pressure waveforms, or even their means, should

be equal. The waveforms of PAW and LAP are not identical (Figure 4),

while typical mean values are 8 mm Hg for PAW and 6 mm Hg for LAP.13
Even at these accepted normal values, the PAW-LAP discrepancy of 2 mm Hg

is 33% of the "correct" (LAP) value. This error is significant in itself,

while the effect of disease on this difference has not yet been considered.

The system under pathological conditions seems to be the most important,

since PAW measurements are used clinically for diagnostic purposes.

It is reasonable, then, to reconsider the relationship between the

two pressures. Although research has been done on the subject, most con

sists of isolated studies on segments of the population with specific con

ditions. The conclusions made by the individual investigators only have

merit for each particular study, causing a multitude of results, which, in

fact, often seem to be conflicting. This study, then, is an effort to

apply an engineering analysis to the problem, by developing a model of the

system. The model consists of the relevant parameters and variables,

which can be manipulated, and thus used to represent the behavior of the

system. Specific conditions can then be applied to the model, and compar

ison with the work and conclusions of the literature can be studied. Ex-

perimental surgery was also undertaken in this project. The purpose of

the surgery, however, was not to generate a quantity of data that would be

statistically valid, but rather, to generate some data that could be
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analyzed for the sake of example, and to enhance the understanding of the

clinical measurement procedure.



12

EXPERIMENTAL STUDIES

Surgical techniques used by Neville, et al.4 formed the basis for the

experimental surgery done for this study. Mongrel dogs, anesthitized with

sodium pentobarbital, were used for the open-chest procedure. Positive

pressure respiration was necessary to maintain breathing while the chest

was open. A Swan-Ganz catheter, coupled to a pressure transducer and

recorder, was used to obtain PAW. The catheter tip was introduced into

the jugular vein, which was exposed by surgical cutdown, and the catheter

was threaded into the vessel until reaching the desired point. Progress

during this procedure could be seen by observing the waveform on the

strip-chart recorder. Right atrial, right ventricular, and pulmonary ar

tery pressures were seen before PAW. The latter was obtained when the

balloon, inflated in the vicinity of the heart, became "wedged" in a

vessel, and the typical PA tracing became the accepted PAW tracing (Figure

5). Direct LAP was also measured, by placing a catheter tip (no balloon)

directly in the left atrium. The multi-channel recorder allowed both

pressures to be observed simultaneously, as seen in Figure 6. The scales

marked on the left side of the tracings are in the units of mm Hg, and

were obtained by calibration with a mercury manometer, connected directly

to the transducers. Both catheters were filled with heparinized saline,

which was periodically flushed through the catheter. The baseline was

checked periodically to avoid baseline drift. The large peaks in the

tracings are due to the positive pressure respiration, which was necessary

since the surgery was an open-chest procedure.

The basic purpose of obtaining data from this surgery was to compare

PAW to LAP; mean pressure values are more suitable than dynamic waveforms
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for this purpose. Figure 7 shows the two tracings with the recorder on the

mean mode. It can be seen that LAP is approximately 3 mm Hg, while PAW is

approximately 5 mm Hg. These particular tracings, however, were recorded

with a positive pressure respiration of 16 mm Hg. The level of positive

pressure in the lungs was varied from 0 to 40 mm Hg, in order to observe

any effects of this variable. The pressure was held constant, that is, no

respiration was present. In Figure 8, the constant positive pressure

(mm Hg) is given for each panel between the two tracings. It is evident

that the two pressures are not equal to each other, but more importantly,

it can be seen that the difference between the two pressures varies as the

positive pressure varies. A graph of this result (Figure 9), with the

PAW-LAP difference plotted against mm Hg positive pressure, shows the

variation more clearly. The relationship appears to be generally linear

in the range tested, and shows an increase in LAP relative to PAW as pos

itive pressure is increased. No data was obtained in the "ne qa t i ve"

pressure region, which would represent the actual closed chest, or usual

clinical situation. These results indicate that positive pressure respi

ration has an effect on the absolute difference between the two pressures,

and thus, is another variable to consider.
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MODEL

A model of the system under consideration is useful in any study

involving a structured analysis. In general, the model is an attempt to

specifically characterize a system, which may previously have been de

scribed only in subjective terms. Models may take the form of block dia

grams, electrical analogs, mechanical analogs, and others, but are most

useful to the engineer if mathematical analysis may be applied to solve

for the unknowns in the system. For the vascualr system, models based on

an electrical analogy have been found to be appropriate and relatively

easy to work with. In this type of analogy, voltage is analogous to pres

sure, current to blood flow, electrical capacitance to vessel compliance,

and electrical inductance to fluid inertia. Electrical resistance and

viscous resistance are direct analogs. The model presented here only

considers resistive elements. This is not a complete representation, but

was chosen because of the mathematical complexity involved in adding cap

acitance and inductance, and the limited value of these added complica

tions to the problem under consideration. With time-varying input func

tions, these properties require the use of differential equations, while

resistive circuits generate algebraic equations.

The first model used was a very simple electrical circuit (Figure, 10),

which includes the basic physical qualities of the pulmonary circulation

and the heart chambers involved. The voltage source Vs is analogous to

the right ventricle, which is the pressure source for this system. The

voltage V2 represents the pressure in the left atrium. The pulmonary cir

culation is between these two points, with the left side the arterial

section, the middle capillaries, and the right side veins. The parallel
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section is included to simulate the branching and rejoining that is char

acteristic of the pulmonary circulation. The voltage VI' which is labelled

at the switch, represents a possible point of measuring wedge pressure.

The switch is present because the wedge pressure measurement blocks for

ward blood flow while the balloon is inflated, and the analogy requires

an open circuit for this case. The voltage VI' when the switch is open,

is actually the voltage at the point A, shown on the figure. This obser

vation provides the first important concept, which is that the wedge

pressure is actually the pressure where the stagnant path distal to the

balloon is in contact with the next flowing channel. This generalization

is true, regardless of the complexity of the actual system.

This model is a "lumped-parameter" model, since the continuous prop

erty of viscous resistance is lumped into discrete resistive elements.

Also, however, the resistance values are lumped, in that they actually

represent the combined resistance of many branches, relative to the point

of measurement. The resistances Ru and Rd are subscripted to indicate

resistance upstream and downstream of point A, respectively, while the

parallel resistances RpI and Rp2 are distinguished from each other since

they would not necessarily be equal.

The model was used to generate a comparison of wedge pressure to left

atrial pressure, or VI/V2. This was accomplished through the use of sim

ple electrical circuit theory and mathematical manipulation. According to

Ohm's Law,

V = IR, (1)

where V is voltage, I current, and R resistance. Using (1), two basic

equations are obtained:

(2)



22

and ( 3)

The sum of resistances in equation (3) does not contain Rpl' since taking

a wedge pressure measurement is modelled by an open circuit at VI' and,

thus, no current flows through the upper branch. Equation (3) is then

substituted into equation (2) and manipulated, to obtain

V/V2 1 + ((cx.- 1)/(R + 1)), ( 4)

where 0(.= V/V2 and R = (Ru + Rp2)/Rd. This shows that the relationship

between PAW and LAP (VI and V2) is more complex than the simple theory

discussed previously would indicate. The "R.II term contains both upstream

and downstream resistances, which is due to the flow or current being

affected by the entire system. The relationship between "R" and V /V is
1 2

shown in Figure 11. Note that when R = 0, V/V2 = 0(, and when R-e>a,

V1/V2 = 1. It is easily seen, then, that more accurate wedge pressure

measurements (V1/V2 closer to unity) are obtained for larqe R and small

oc , The measurement is most accurate, then, for (Ru + Rp2) large in com

parison to Rd, and for a small total pressure drop.

Another important concept is that even though this equation may not

be applicable in a strict sense, to the actual situation, it does show

the relationship between the analogs of wedge pressure and left atrial

pressure for this particular circuit model. This implies that an analo-

gous equation could be generated for another model, especially a more

complex one, which would perhaps be closer to reality. A slightly more

complicated model, with two branchings (Figure 12), was also analyzed. As

before, Vs is the right ventricular pressure, and V2 is left atrial pres

sure. The wedge pressure, however, has two possibilities for points of

measurement, VI and Vi' which are actually at two different levels of
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branching. Using this model, V2 could be compared to VI or Vi for each

of the two cases. The first case is with SI open, so that a larger artery

is blocked, while the second case is with only S2 open, and a smaller ar

tery is blocked. Using the same procedure employed with the first model,

expressions were obtained for Vl/V2 and Vi/V2' The two results can both

be put in the form

V/V2 = 1 + ((0<.- 1)/(R + 1)). (5)

However, the "R" terms are different in the two cases. In

and in

Case 1: R = (Ru + Rup + Rp/2 + RdP)/Rd,
Case 2: R = (2Ru + Rup + Rp/2)/(Rdp + 2Rd)·

( 6)

(7)

Comparison of the R terms shows that equation (6), or Case 1, has the

larger R, which would give a smaller (�- 1)/(R + 1) term, and in turn, a

Vl/V2 that is closer to unity. This model shows, then, that measurement

in a larger artery is more accurate.

It was necessary at this point to determine if, in fact, analysis of

a more complex model would be worthwhile. A totally realistic model of

the pulmonary system was seen to be an impossibility for the purpose of

this study. The problem stems from the fact that the pulmonary circula

tion is a system of apparently randomly-branching tubes, which does not

seem as though it could be adequately represented by "combined" resis

tances, especially when the internal details are critical to the result

sought. Since the mathematical analysis associated with a more complex

model would be tedious, it would be worthwhile only if a model were found

which represented any branching complexity. Vessel branches which bypass

the point where the blocked vessel rejoins a flow path, are an example of

a case difficult to account for in a lumped variable. Since the model is
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not completely realistic, expressions directly applicable to the clinical

setting cannot be obtained. The model is, however, still a very valuable

tool, which can be used to integrate clinical observations from studies in

the literature, and to explain the basic principles of the measurement in

a consistent manner.
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DISCUSSION

The model, then, actually represents the pulmonary circulation and

so can be used as a reference for comparison with the literature. The

conditions for each study and the results can be related to the model, and

therefore, conclusions can be formed more easily and within a consistent

conceptual framework. This is true for both individual studies, and for

the comparison of studies with differing conditions. The effect of all

parameters on the general behavior of the system can also be studied

through the use of the model, and the reasons behind various experimental

results then became more apparent.

The first concept that will be considered concerns the relationship

between the pulmonary artery vessel size and the accuracy of the PAW meas-

urement. Statements concerning this relationship were found in the liter

ature. The study by Fitzpatrick, et al,lO in which PAW and LAP were moni-

tored on 12 patients requiring open cardiac surgery, reported that "In

general, the larger the pulmonary arterial branch occluded, the greater

the similarity of the Pp tracing to the Pl tracing. 1110 Gilbertsonl
aoccl. a

also states that this phenomenon exists, adding that the damping of the

wave form will be smaller when a larger artery is used.

To study this concept, the second model (Figure 3), involving two

levels of branching, was analyzed. The two possibilities, PAW in a large

artery (VI)' and PAW in a smaller artery (Vi), were studied and the results

discussed previously. Comparison of the two expressions, Vl/V2 and Vi/V2'
revealed that Vl/V2 would always be closer to unity than Vi/V2. Thus,

according to the model, PAW would be closer to LAP for a larger artery.

This is due to the fact that more of the vessels between the point of PAW
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and LAP are included for measurement in a larger artery, and therefore the

distal end of the blocked segment will be closer to the left atrium. The

model results, then, agree with the literature conclusions, and also give

the underlying relationships.

The second concept, which became apparent after development of the

model equations, is the importance of the method of comparison. Consider

ation of the most appropriate form for the model equations led to the re

alization that the relative magnitude of PAW and LAP should be compared.

Many investigators seem to only consider absolute differences. However,

while the value for (VI - V2) may be small, the V1/V2 value may not be

near 1, as is necessary for an accurate measurement. It should be noted

that the correlation coefficient (r), calculated in many studies, is

simply an indication of a linear relationship exhibited by the data, so

that a high r value (close to 1) indicates little scatter. This statistic

has little to do with how well PAW indicates LAP. Walston and Kendall11
show expected (95% confidence limit) PAW-LAP differences for various PAW

ranges. The interval of values within the 95% confidence limits increases

both absolutely and proportionally with increasing PAW. The authors con

c1 ude from thei r res ults that "me an pulmonary wedge press ure is a moder

ately accurate predictor of mean left atrial pressure at these low normal

wedge pressures,lI11 referring to a PAW of 10 mm Hg or less. However, they

present a ±2 mm Hg expected interval for low normal PAW. The error could

be 20%, and this may be significant. Therefore, the apparent acceptability

of PAW at low normal pressures may be due to the lack of a proper compar

ison. The study by Humphrey, et al. ,12 in which LAP and PAW were monitored

on 43 patients who had undergone cardiac surgery, presents certain PAW-LAP

differences and, the percentage of time these differences existed. LAP
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was identical to PAW in 24% of the cases, within ±1 mm Hg in 62.1%, and

within ±4 mm Hg in 94.6%. For the last case, which is similar to the 95%

confidence limits just discussed, a 4 mm Hg difference would be 26.7% of

a mean LAP of 15 mm Hg.
11

This is not an insignificant value, yet the

authors conclude that indirect LAP is a reliable reflection of LAP. Thus,

the development of the model demonstrates the importance of the method of

comparing PAW and LAP.

A specific example of comparison between the model and parameters

studied in a particular investigation can be demonstrated with the study

by Hobelmann, et al.5 This group studied the effect of positive pressure

respiration (PEEP) on PAW and LAP monitored on baboons, and found that the

two pressures were very different at high levels of PEEP. This effect can

be considered with reference to the graph of the model equation (4), or

V1/V2 = 1 + ((�- 1)/(R + 1)), shown in Figure 13. It must be remembered

that the �values (Vs/V2) are generally considered constant for a parti

cular measurement. Two main effects of high levels of PEEP can be simu-

lated on this graph. First, it may be assumed that since the veins would

be more susceptible to collapse under pressure than other blood vessels,

Rd would increase more than the other resistance values. This idea is

also stated by Walston and Kendall: "high pressures across the pulmonary

capillary bed cause a change in the ratio of pulmonary arterial and pul

monary venous compliance.1I12 Thus, the ratio of resistance would change,

and the term R = (Ru + Rp)/Rd would decrease. On the graph, then, as R

decreases (indicated by arrow), this would move to a new state on the same

� curve, which would have a V1/V2 farther from one. This indicates a less

accurate measurement. A second effect of high PEEP could be a decrease in

LAP (V2) due to the assumption that total resistance in the vessels
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R

Figure 13

V1/V2 Versus Resistance Term for Several � Values

with Changes Indicated.
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increases. If V2 decreases, the value of �would increase. Considering

this on the graph, the new state would be on a higher � curve. If it is

assumed that the ratio of the upstream and downstream resistances is not

changed, then the new system state will be at a point directly above the

previous state. Again, this gives a V1/V2 farther from the ideal value of

one, and indicates PAW farther from LAP. The combined effects would give

an even greater elevation from one. These model results agree with the

5
observations made by Hobelmann, et al. and also show possible reasons for

these results.

A final application of the model to a particular study concerns the

work done by Neville, et al.4 This study involved the measurement of

direct LAP, and PAW on 19 open-chested dogs on PEEP. The effect of dif-

ferent levels of LAP on the PAW to LAP relationship was considered. They

obtained significant differences in the two pressures at normal LAP (PAW-

LAP = 6.5 mm Hg) and at low LAP (PAW-LAP = 9.4 mm Hg). This was attribu-

ted to the fact that an elevated LAP would ensure patency of the vessels

(low resistance), while as LAP is lowered, the number of patent vessels

decreases, primarily due to venous collapse, and the error increases. As

noted before, increased venous collapse would cause Rd to increase, and

R to decrease. This is the same as the first effect in the PEEP example.

Considering Figure 13, as R increases, a higher value of V1/V2 results,

following a constant Olcurve, and the measurement is less accurate. Feed-

back may also be involved if Rd decreases to the extent that V2 (LAP) is

lowered, thus causing a further increase in nonpatent vessels.
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CONCLUSION

The use of pulmonary artery wedge pressure as an indication of left

atrial pressure for diagnostic purposes suggests consideration of the

relationship between the two pressures. The literature on this subject,

however, consists of individual studies where varying conditions and

specific population samples make comparison difficult. Thus, conclusions

formed from the results of these studies were not generally applicable.

Also apparent was a lack of understanding concerning the system itself and

the roles of PAW and LAP. The engineering approach to this problem, the

formation of a model, is helpful in both regards. It represents the

system in terms that are commonly studied (electrical parameters) and to

which definite laws can be applied. This allowed the generation of a

mathematical expression and graphed equivalent. By studying these, the

actions of the general system (pulmonary circulation) and underlying rea

sons can be more easily seen. The model, then, is first an educational

tool to gain understanding of the system and its operation. Second, how

ever, the model can be used to study results and conclusions in individual

studies and determine if the experimental results agree with the model.

It is then possible to consider all cases, even though test conditions may

have been vastly different and previously incapable of comparison. The

model is, then, both a point of reference and a vehicle for understanding

results.
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