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of which have already achieved “landmark” status, and
to specifically address the utility of monitoring cardiac
filling pressures. 

Historical Overview: 1970-2000

The PAC was developed by Swan, Ganz, et al2 and
revealed in their milestone publication in 1970. The
clinical utility of the catheter was established in 1976,
when a 2-part article was published demonstrating
that patients with myocardial infarction and hemody-
namic compromise could be managed by application
of catheter derived hemodynamic subsets.3,4 Within
the next decade, several investigations appeared to
show that use of these catheters in patients suffering
from a wide variety of hemodynamic abnormalities
and insults markedly improved outcomes. 

Of greatest interest to anesthesiologists were the
studies that purported to demonstrate that periopera-
tive pulmonary artery catheterization, usually combined
with rigorous intensive care unit (ICU) management,
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that there was “no clear benefit, or harm by managing
critically ill patients with a PAC.”32(p472)

Earlier, in a much smaller single-center random-
ized controlled clinical trial from 1997 to 1999, Rhodes
et al33 compared the survival and clinical outcomes of
critically ill patients treated with the use of a PAC with
those treated without the use of a PAC in 1 teaching
hospital’s ICU. Two hundred one critically ill patients
were randomized to either the PAC (n = 95) or the con-
trol group (n = 106). There was no significant differ-
ence in mortality between the PAC group (46/95,
47.9%) and the control group (50/106, 47.6) (95% con-
fidence interval for the difference, –13% to 14%, P >
.99). The mortality rate for participants who had man-
agement decisions based on information derived from
a PAC was 41 of 91 (45%, 95% confidence interval,
–11% to 16%, P = .77). The PAC group had signifi-
cantly more fluids in the first 24 hours (4953 vs 4292)
and an increased incidence of renal failure (35% vs
20% of patients at day 3 postrandomization, P < .05)
and thrombocytopenia (P < .03). Although the authors
concluded that “these results suggest that the PAC is
not associated with an increased mortality,”33(p256) there
was an increased morbidity—renal insufficiency and
thrombocytopenia both occurred in the PAC group
with statistically significant greater frequency.

In another cohort study, this one in 198 European
ICUs participating in the Sepsis Occurrence in
Acutely Ill Patients Study, 3147 adult patients admit-
ted to 1 of the participating ICUs between May 1,
2002, and May 15, 2002, were classified according to
whether they had a PAC at any time during their ICU
stay and were followed up until death, to hospital dis-
charge, or for 60 days.34 Propensity score case match-
ing was performed, and matched pairs were examined
for baseline characteristics and outcome. Of 3147
patients, 481 patients (15.3%) had a PAC. Patients
with a PAC were older, had a higher incidence of heart
failure, had a lower incidence of cancer, and were
more commonly surgical admissions. Fluid balance
was comparable between the 2 groups. ICU and hos-
pital mortality rates were higher in patients with a PAC
(28.1% vs 16.8% and 32.5% vs 22.5%, respectively; 
P < .001). However, PAC use was not an independent
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Adult Respiratory Distress

A multicenter (36 participants) randomized controlled
study of 676 adult patients from 1999 to 2001 per-
formed in France was designed to determine the effects
on outcome of the early use of a PAC in patients with
shock mainly of septic origin, acute respiratory distress
syndrome (ARDS), or both.37 Patients were randomly
assigned to either receive a PAC (n = 335) or not (n 
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of days not spent in the ICU during the first 28 days.
These differences were only related to treatment
protocol, not whether a PAC or CVC was inserted. 

Why Do PACs Fail to Improve Patient
Outcome?

Patient Selection

There are several explanations why PACs do not have a
positive effect on outcome. If the catheter does improve
hemodynamic management, some patient groups are
simply either too well or too sick for this improvement
in hemodynamic management to change outcome. For
example, in the trials involving peripheral vascular 
disease,9,10,12 infrarenal abdominal aortic aneurysm
repair,7,8,10-12 and especially low-risk coronary artery
bypass,27-29 mortality rates are already so low (eg, <3%)
that improved hemodynamic management is unlikely to
have a demonstrable impact. Benefit is even less likely
to result when 1 of the main postoperative morbidities,
myocardial infarction, has been reduced in incidence by
rigorous preoperative screening, perioperative adminis-
tration of β-blockers, and postoperative administration
of aspirin and other anticoagulants. 

Another reason that the catheter may fail to
improve outcomes is that it is used to monitor patients
with diseases such as septic shock, ARDS, and multi-
ple organ failure. These conditions not only carry very
high mortality rates (eg, >40%) but also have as their
mainstay of care treatments that are not directly influ-
enced by hemodynamic data provided by the PAC. The
authors of this article refer to the term “contextual
hemodynamics” to describe what is genuinely prac-
ticed. For example, the clinician’s desire to increase
cardiac output may be determined by the heart rate,
blood pressure, hemoglobin level, serum lactate level,
presence of pulmonary edema, renal function, cardiac
ischemia or perceived risk for ischemia, cerebral and
mesenteric circulation, and age. A PAC will provide
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ventilation; positive end-expiratory pressure; and
changes in intra-abdominal pressure. 

One dramatic clinical example of the limitation of
the PAOP as an indicator of preload is the entity of
dynamic left ventricular outflow tract obstruction.51 In
this condition, a patient with hypotension, elevated
PAOP, and low CO is often incorrectly treated with
increasing doses of inotropes and vasopressors in an
effort to improve blood pressure, lower PAOP, and
increase CO. As the dosages of these medications are
increased, the PAOP increases, the CO or stroke vol-
ume decreases, and the patient remains tachycardic
and hypotensive. A diagnosis of refractory heart failure
seems reasonable and many clinicians would interpret
the PAC readings as indicative of hypocontractile
heart. However, echocardiography reveals a hyperdy-
namic empty ventricle with severely decreased preload
and systolic anterior motion of the anterior mitral
valve leaflet, obstructing the aortic outflow tract and
leading to dynamic left ventricular outflow tract
obstruction. Despite the high PAOP and pulmonary
edema, the treatment is vigorous fluid resuscitation
and withdrawal of vasoactive agents. The outflow tract
obstruction is completely reversible. The diagnosis
cannot be made by PAC but can be readily recognized
by echocardiography. 

Even the extended-function PACs that estimate
right ventricular end-diastolic volume (RVEDV) using
gated thermodilution measurements of temperature
change per beat have been shown by transesophageal
echocardiography to overestimate LVEDV by 2 to 3
times actual volume,52 and if PAC-derived RVEDV is

relied on as an index of LV preload, these catheters may
lead to underresuscitation. 

PAOP may not reflect true LVEDP either. At best,
after inflation of the balloon, occluding blood flow dis-
tal to the tip of the PAC in the pulmonary artery, the
pressure at this point (PAOP) should be equal to the
pulmonary capillary pressure, which in turn is equal to
the pulmonary venous pressure, which is equal to the
mean left atrial pressure, which is equal to the LVEDP.
However, there are a multitude of reasons why PAOP
may not be equal to LVEDP, including significant pul-
monary parenchymal or vascular disease that prevents
accurate reading of the pressures across the pulmonary
bed; location of the PAC tip in a West zone 1, which
will lead to mistaken measurement of alveolar .5274 -1.sigleading ol leadaleading to(AOP agealmingl across the ou
0.0n ifrom)73sis. T4 Tw T*
3347 Tw 1.187mean lef(minaltho315 tran ofnal-abdomingl across t;
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As of 2002, the PAC was the most frequently used
and preferred monitor among cardiovascular anesthesi-
ologists.67 However, since then, several well-designed
large prospective and retrospective investigations have
repeatedly demonstrated that PACs at best are associ-
ated with no increase in morbidity and mortality.
Notably, several of these investigations were designed
and carried out by historically staunch proponents of
pulmonary artery catheterization. 

Recently emerging applications of perhaps greatest
interest to anesthesiologists include perioperative man-
agement of the patient with pulmonary artery hyperten-
sion and use as a “rescue” monitor for patients failing
routine hemodynamic supportive measures. These 2
patient groups are relatively small, and it is unlikely that
any large-scale trial can be performed in them.

There may also be an almost insurmountable
educational challenge. Assuming that PACs are used
in only very unusual scenarios and given the already
poor fund of knowledge among physicians, who use
PACs with much greater frequency than limiting use
to these scenarios will allow, then how can skills be
even maintained, let alone possibly improved? 

Although this challenge looms, it is very likely
that competing monitoring modalities, especially
echocardiography, pulse contour analysis, and non-
invasive cardiac output determination, will signifi-
cantly reduce the number of PACs inserted. 

For example, in our surgical ICU, which admits
approximately 600 perioperative patients per year with
an average APACHE II score of 16.5, over the past 5
years we have reduced the number of PACs inserted
from 134 per year to only 8 last year, while slightly
reducing ICU and hospital mortality, which was already
less than predicted by APACHE II score (see Figure 1).
This experience will likely become the norm. 
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