
Introduction

Connors and colleagues [1] have demonstrated that the
use of pulmonary artery catheters (PAC) in the care of
critically ill patients is associated with a higher mortality
and longer lengths of stay than when patient care does
not include PAC. It is unclear whether this observed in-
crease in mortality was related to insertion and subse-
quent presence of the catheter or to misinterpretation
of data obtained from the PAC. One likely contributor
to these findings is the inability of clinicians to measure
pulmonary artery pressure tracings reliably, leading to
inappropriate and potentially deleterious treatments.
Previous studies demonstrated that critical care practi-
tioners performed poorly when asked to interpret a pul-
monary artery occlusion pressure (PAOP) from a clear

tracing [2, 3, 4, 5]. We recently demonstrated significant
intra and interobserver variabilities in measurements of
PAOP by physician ªexperts,º physician practitioners
who commonly use the PAC, and critical care bedside
nurses [5]. To date no study has examined whether edu-
cational programs designed to improve performance us-
ing the PAC can positively impact interobserver vari-
ability. Insofar as large interobserver variability contrib-
utes to worse patient outcomes, improving performance
of personnel who routinely use PAC data could positive-
ly affect outcomes. In this brief communication we dem-
onstrate that a simple educational program, adminis-
tered once to both physicians and nurses, failed to sig-
nificantly reduce interobserver variability in interpreta-
tion of PAC data.
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Abstract Objective: To determine
whether a brief educational pro-
gram can reduce variability of inter-
pretation of pulmonary artery oc-
clusion pressure (PAOP) tracings.
Design: Prospective, observational
study.
Participants: Twenty-three intensive
care nurses and 18 physicians.
Interventions: Participants inter-
preted PAOP tracings before and
1 week after receiving a single, brief
educational session and/or written
materials (ªin-serviceº) designed to
reduce interobserver variability of
PAOP interpretation. Differences
between two reference values be-
fore and after in-service (mean pop-
ulation and Chief of Critical Care's
readings) were compared for both
groups.

Results: There were no significant
differences in the variabilities in
PAOP interpretations before and
after in-service in either group.
Conclusions: We conclude that this
specific educational program was
ineffective in reducing variability of
interpretation of PAOP tracings.
These data suggest that more com-
prehensive educational tools and/or
sustained programs may be required
to improve performance of critical
care personnel in PAOP interpreta-
tion.
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Methods

This study was performed in a 300-bed community teaching hospi-
tal with a 12-bed combined cardiac and general medical intensive
care unit (ICU). All of the nurses and physicians surveyed in this
study are involved in day-to-day management of patients in our
ICU and all routinely interpret and/or use PAC data. In our previ-
ous study [6] we presented PAC tracings to a convenient sample
of nurses from our medical ICU and to physicians. The physician
cohort consisted of Board-certified cardiologists, pulmonary-criti-
cal care physicians, and cardiology and pulmonary postgraduate
fellows; all but one pulmonologist and no cardiologists were certi-
fied in critical care medicine. Of the 23 nurses 6 had advanced cer-
tificates in critical care nursing. Large respiratory-phasic variation
(RPV) of PAC pressures was independently associated with great-
er intra and interobserver variabilities in PAC interpretation.
Three tracings were chosen to present to our staff because they
represented three common clinical situations: one of a patient
with small RPV in PAOP, one of a patient on positive pressure ven-

tilation with relatively large RPV, and one of a spontaneously
breathing patient with large RPV (see Fig. 1).

Three months after the initial examination we presented an ed-
ucational ªin-serviceº to both our physicians and critical care nurs-
es. These in-services were presented by our Chief of Critical Care
(to physicians) and by two clinical nurse educators (to nurses).
These presenters provided a 20-min lecture based upon a struc-
tured text hand-out (see ªAppendixº and [7]). The in-service also
included review of either real or simulated PAOP tracings with
large RPV to address methods of proper interpretation for such
conditions. A 10-min question/answer session accompanied each
presentation. Personnel were not told that they would be retested.
After 1 week had elapsed, the same three tracings (from the exam-
ination 3 months earlier) were presented to nurses and physicians
for interpretation. The staff members were asked to submit their
interpretations for this study only if they had performed the initial
examination and received the in-service.

To assess the short-term efficacy of the in-service, we also pre-
sented the identical tracings to seven surgical intensive care unit
nurses (who had never seen these tracings), administered the edu-
cational program and then retested them 6±7 h later. All but one
nurse completed the retest.

Identifying data were not present on the initial examination,
and thus comparisons were performed by nonpaired Student's t
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Fig.1A±C Pulmonary artery pressure tracings presented in the ex-
amination (labels refer to tracings used in Fig.2)



tests. In addition, the differences in observations from our Chief of
Intensive Care's interpretation from the previous study and from
combined group (before and after in-service) mean values were
compared before and after the in-service by nonpaired Student's t
test. Since the resolution of each tracing was 4 mmHg/mm, we
also analyzed the proportion of observations that were at least
5 mmHg from the reference value, before versus after the in-ser-
vice. A p value less than 0.05 signified statistical significance.

Results

Before the in-service

Twenty-three nurses from our medical intensive care
unit and 18 physicians (8 certified cardiologists, 4 certi-
fied pulmonary critical care physicians, 6 cardiology
and pulmonary fellows) interpreted the three tracings.
There was minimal variability of interpretation in the
tracing with small RPV (mean 13 � 2.6 mmHg, range
6±22; Fig. 2A). All but two nurses and one physician
identified the PAOP within 4 mmHg of the Chief's and
population mean reference values (12 mmHg for both).
For the tracing with large RPV in a ventilated patient,
group variability was twice that observed for the tracing
(A) with minimal RPV (mean 13 � 5.2 mmHg, range
5±24; Fig. 2B). Variability of readings for the tracing
with large RPV in a spontaneously breathing patient
was midway between tracings A and B (mean
19 � 3.3 mmHg, range 10±23; Fig. 2C). The magnitudes
of variabilities of PAOP interpretation were similar for
nurses and physicians for all three tracings.

After in-service

Sixteen nurses and 18 physicians (8 certified cardiolo-
gists, 4 certified pulmonary critical care physicians, 6
cardiology and pulmonary fellows) interpreted the
three tracings 1 week after receiving the in-service and/
or reviewing the materials presented in the ªAppendix.º
All respondents received the written educational mate-
rials or the lecture, and most received both. Variability
in interpreting the first tracing was modestly reduced
(mean 13 � 2.0 mmHg, range 8±16; Fig. 2A). All observ-
ers identified the PAOP within 4 mmHg of the refer-
ence values (12 mmHg for both Chief's and population
mean). However, there was no significant change in the
magnitude of deviation from the reference value for
the group as a whole or for subgroups of nurses versus
physicians (see Tables 1, 2).

For the tracing with large RPV in a ventilated pa-
tient, group performance was not significantly affected
by the in-service (mean 15 � 6.3 mmHg, range 8±38;
Fig. 2B). There was no significant change in the magni-
tude of deviation from the Chief's value of 10 mmHg
or the group mean value of 14 mmHg (see Tables 1, 2),
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Fig.2a±c The effects of an educational program on PAOP inter-
pretation; circles nurses readings; triangles physicians

a

b
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for the group as a whole or for subgroups of nurses ver-
sus physicians. In fact, nurses identified the PAOP with-
in 4 mmHg of the Chief's value in 21 of 23 readings
(91 %) before and in 11 of 16 readings (69 %) after the
in-service. Physicians' variability also did not change
significantly (6/18 within 4 mmHg before and 5/18 after
the in-service).

For the tracing with large RPV in a nonventilated pa-
tient, group performance was not significantly affected
by the in-service (mean 19 � 5.2, range 2±24; Fig. 2C).
There was no significant change in the magnitude of de-
viation from the Chief's value of 22 mmHg or group
mean value of 19 mmHg (see Tables 1, 2), for the group
as a whole or for subgroups of nurses versus physicians.
All but one nurse identified PAOP within 4 mmHg of
the Chief's value both before and after the in-service;
12 of 18 physicians (67 %) read PAOP within 4 mmHg
before and 14 of 18 (78 %) after the in-service.

As in our first study [6], the magnitude of variability
was significantly greater in interpretation of tracings
with large RPV (tracings in Fig. 2B, C) than with mini-
mal RPV (tracing in Fig. 2A), despite the in-service.

Administration of the in-service was associated with
a short-term reduction in variabilities of PAOP inter-
pretation in the small cohort of surgical intensive care
unit nurses (n = 6) who received it. Overall, combining
differences from the reference values for this small co-
hort of observers, differences were reduced by half after
the in-service (from a mean difference of 3.6 before to
1.6 mmHg from Chief's values and 3.3 to 1.3 mmHg
from the population means, p < 0.05). Six of 21 observa-
tions were 5 mmHg or more from reference before the
in-service and no observations were 5 mmHg or more
from reference after the in-service. The sample was too
small to analyze performance on each tracing indepen-
dently.

Discussion

This study demonstrates that variability of interpreta-
tion of PAC pressure tracings was not significantly im-
proved, in a sustained manner, after the presentation of
a short educational program that had been created spe-
cifically to improve recognition of end-expiration on
PAOP tracings. The administration of the in-service
was, however, associated with a short-term reduction in
observational variability among a small cohort of nurs-
es.

There are several possible explanations for these
findings. First, the in-service could have been inade-
quate. The content of the verbal portion of the pro-
gram essentially reiterated all of the points listed in
ªAppendix 1,º and the way in which to read tracings
with large RPV was reviewed with similar tracings.
Since administration of the in-service was associated
with a marked short-term reduction in variability of
PAOP interpretation, the problem is unlikely due the
content of the in-service. The second possibility is
that, although the materials may successfully change
interpretation of PAOP in the short term, the acquired
skills do not endure. The individuals may simply revert
to their old practice techniques over time. We would
suggest that the effort which we put into this in-service
was relatively routine; when a practice problem is not-
ed in most ICUs, educational programs of similar scope
are frequently administered to improve performance.
Our data suggest that to reduce variability in PAOP in-
terpretation in a more sustained manner, repetitive
and/or more comprehensive programs may be re-
quired. Finally, it is possible that both the initial degree
of variability and failure to improve interpretation of
PAOP tracings could be related to either institution-
or personnel-specific factors. Thus the validity of these
results outside this specific cohort of practitioners re-
mains unclear.
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Table 1 Differences of PAOP interpretation as compared to that of the Chief of Critical Care

Tracing Nurses
Before In-service

Nurses
After In-service

Physicians
Before In-service

Physicians
After In-service

1A 1.7 ± 0.3 1.4 ± 0.3 1.9 ± 0.6 1.5 ± 0.4
1B 1.9 ± 0.4 3.4 ± 0.7 6.8 ± 1.1 7.9 ± 1.6
1C 2.0 ± 0.3 1.9 ± 0.8 5.1 ± 1.0 4.8 ± 1.4

Table 2 Differences of PAOP interpretation as compared to combined pre- and post-in-service population mean PAOP values

Tracing Nurses
Before In-service

Nurses
After In-service

Physicians
Before In-service

Physicians
After In-service

1A 1.7 ± 0.3 1.4 ± 0.3 1.9 ± 0.6 1.5 ± 0.4
1B 5.0 ± 0.4 4.1 ± 0.5 4.8 ± 0.6 5.7 ± 1.2
1C 1.5 ± 0.2 2.8 ± 0.6 3.3 ± 0.8 3.9 ± 1.2



Of particular interest is that we again found that the
degree of respiratory phasic variation in the PAOP is
highly associated with the variability in interpretation
by clinicians. Our previous study [6] suggested that diffi-
culty in defining end-expiration in such tracings is most
likely responsible for this finding, and our in-service
was designed to address this likely explanation. One
might argue that our respondents were disadvantaged
by their inability to watch the patient and observe which
portion of the PAOP waveform corresponded to end-
expiration. This argument is certainly appropriate for
the tracing in Fig. 1B, where there is significant RPV,
and inspiration and expiration are of similar duration.
In fact, one might argue that the value recorded by our
Chief of Critical Care (10 mmHg), which served as a ref-
erence value, was itself an error (violating the decision
rule in the ªAppendixº). Even if a reference value of
20 mmHg is chosen (in adherence to the in-service),
group variability was not significantly reduced by this
intervention. Regardless, similar tracings (i. e., those
with large RPV and inspiratory:expiratory ratios ap-
proaching 1.0) require simultaneous bedside observa-
tion of the patient and tracing to correctly identify end-
exhalation on the tracing. However, for the tracings in
Fig. 1A and C, we would argue that there should be
very little variability in interpretation of PAOP, since
end-expiration on those tracings is relatively obvious.
Nonetheless, one of the most important lessons of this
study, which cannot be measured in a paper test, is the
importance of observing PAOP tracings and patients'
respirations to assure that end-expiration is identified
correctly. One may also argue with the use of any one
observer as a reference standard (in this study we used
our ICU Chief's interpretation, since his method was
used to design the in-service). However, even when ob-
servations were compared to group mean values of
PAOP, the in-service failed to affect a reduction in vari-
ability of PAOP interpretation. Tracings with large
RPV are quite common in critically ill patients, and it is
clear that any educational program designed to improve
clinicians' performance in interpreting these data must
address this question (better than did our educational
materials).

The American Thoracic Society Task Force on the
PAC has recently completed drafting a comprehensive,
educational program, which will soon be published, de-
signed to improve user proficiency in all aspects of
PAC (www.thoracic.org/assemblies/cc/cc.html). Obvi-
ously, appropriate management decisions are depen-
dent upon careful and accurate use of this device. More-
over, future prospective studies designed to determine
the effects of PAC on patient outcomes must presup-
pose a standardized, reliable approach to interpretation
of the pressure data to reduce the likelihood that vari-
ability of interpretation significantly impacts the ob-
served results. Thus it is imperative, before such a study

and to improve care of those critically ill patients cur-
rently undergoing PAC, to educate clinicians and docu-
ment a reasonable degree of agreement among observ-
ers who use the PAC. Our data suggest that a single,
educational session, is unlikely to achieve this goal, and
suggest that sustained improvement requires a more ro-
bust and/or more prolonged program than that studied
here.

Appendix

Thank you for participating in our recent study to exam-
ine the interobserver variabilities in interpretation of
pulmonary artery occlusion pressures (wedge pres-
sures). The study was well received and will be pub-
lished in the American Journal of Respiratory and Criti-
cal Care Medicine. It demonstrated that the degree of
variability in measuring wedge pressures was the same
(and not very good) for both physician-physician com-
parisons and for physician-nurse comparisons. We
found that the tracings which lead to the greatest dis-
agreements occur when there is large variability in the
PAOP pressures, usually due to the effects of respira-
tion on intrathoracic pressure. We also found that
20±30 % of tracings in which nurses recorded a wedge,
either one or both physicians believed the Swan was ei-
ther over- or underwedged. Several professional socie-
ties are designing educational programs to help teach
nurses and physicians to perform these measurements
properly. As you know, a large study suggested that
Swan Ganz catheterization was associated with worse
patient outcomes even after carefully adjusting for the
severity of illness [1]. Some of us believe that improper
measurements may lead to therapies which inadvertent-
ly harm patients; so it is very important that we all learn
to read wedge pressures well. Again, nurses were just as
good at it as Dr. Zarich (chief of cardiology) and I (chief
of critical care). This is not a nursing problem, it is
everyone's problem. We all need to sharpen these skills.
So, a few teaching points:

± The cursor method employed by nurses is extremely
accurate and reproducible. However, we should, re-
cord a paper tracing every shift, to be included in
the chart with your simultaneous cursor reading, to
help calibrate and allow retrospective quality check-
ing. Remember, the patient must be leveled in order
to measure the correct wedge.

± We should get in the habit of inflating the balloon
very slowly; stop injecting as soon as the wedge is rec-
ognized and leave it wedged for no more than
10±15 s. The proper wedge tracing can be recognized
because it is lower than the pulmonary artery diastol-
ic pressure and the tracing looses the contour (dicrot-
ic notch etc.), or ªsmooths out,º compared to the pul-
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monary artery tracing. If the balloon is inflated and
the tracing pressures are higher than pulmonary ar-
tery diastolic pressure the Swan is likely overwedged;
if there is little change in the tracing compared to the
pulmonary artery, it is likely underwedged and those
values should not be recorded until working with car-
diology/pulmonary to assure agreement about the ac-
curacy of the tracing.

± The correct pulmonary artery occlusion (wedge)
pressure is measured at end-exhalation. The problem
is that when patients are breathing vigorously (on or
off the ventilator), large variations of pressures can
occur between inhalation and exhalation. In addi-
tion, some patients (usually patients with obstructive
lung disease) can use their respiratory muscles to in-
crease their intrathoracic pressure at end-exhalation
thus overestimating the true left heart filling pres-
sure. When there are large variations in the wedge,
we all must learn to recognize end-exhalation. The
classic teaching is that when a patient is off the venti-
lator, the peaks of the wedge are the best estimate of
end-exhalation and when the patient is on the venti-
lator the troughs should be used. As a general rule,
this is one criteria to employ in recognizing end-exha-
lation in patients with large variations. Unfortunate-
ly, some patients on mechanical ventilators can work
very hard on inhalation to reduce their intrathoracic
pressures and thus end-exhalation, in them, is actual-

ly the peaks. The second way to assure you are cor-
rectly identifying exhalation is to use a basic princi-
ple: exhalation is always longer than inhalation (in
both ventilated and nonventilated patients since we
do not use inverse ratio ventilation here). So, if you
see large negative deflections in the wedge of a venti-
lated patient which seem to correspond to inhalation
and then you see the tracing go up and level off for a
longer period, this is most likely end-exhalation. A
third test is to actually watch as you're wedged and
simply see what part of the tracing most closely cor-
responds to the end of the patient's exhalation. If
you feel that the patient is still trying to exhale at
end-exhalation, they are likely using abdominal mus-
cles to raise their ªtrueº wedge and you should note
next to your recorded wedge that you feel this is the
case.

Some tracings can be very difficult. Whenever there is a
question please ask/create physician-nurse consensus
about where to measure the wedge. This is important;
in some patients it can make the difference between giv-
ing more furosemide or giving fluid and this can obvi-
ously effect outcomes!

Acknowledgements. We are grateful to Ruth Smelter, RN,
CCRN, for administering the in-service to our medical ICU nurses.
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