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Pulmonary Artery Catheters
State of the Controversy

Susan K. Frazier, PhD, RN; Glenda J. Skinner, MS, RN, CPHQ

Since 1970, pulmonary artery catheters (PACs) have been used in clinical practice to monitor the hemodynamic

status of critically ill and injured patients. This technology was introduced and commercialized without considerable

testing to determine safety and efficacy. After years of common clinical use, investigators identified potential

increases in mortality associated with PAC use. For the past decade, investigators have studied various patient

populations to elucidate the safety and efficacy of the PAC. This article reviews the historical context of PAC use,

findings from recent clinical trials intended to determine safety and efficacy, issues with reliability and validity of PAC

use, and complications associated with PAC use. Data from recent clinical trials do not support routine use of PACs,

and the authors suggest that PAC-guided therapy should be the focus of study in future trials.
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Experts estimate that 1.5 million pulmonary artery
catheters (PACs) are used each year in the United

States to monitor the hemodynamic status of critically
ill and injured patients.1 Thirty percent of these cathe-
ters are placed in cardiac surgical patients, 30% in
patients in cardiac care units and catheterization labo-
ratories, 25% in trauma and high risk surgery patients
other than cardiac surgery, and 15% in medical
intensive care patients. An ongoing controversy
about the safety of and benefit associated with the
use of PACs, despite their common use, exists. A
majority of the recent clinical trials considered
placement of the PAC as the independent variable.
However, the PAC is intended to provide informa-
tion to guide therapy. Thus, placement of the PAC
alone cannot be expected to improve patient out-
comes. This article will review the historical context
of this controversy, recent clinical trials intended to
determine safety and efficacy, issues with reliability
and validity of PAC use, and complications associ-
ated with PAC use.

Historical Perspective

In 1929, the first right heart catheterization was
performed in Germany by Werner Forssmann, a
physician with an interest in the circulatory system.2

This groundbreaking event was even more unusual
because after animal study, Dr Forssmann became
the first human to experience a right heart catheter-
ization when he performed this technique on himself.
Dr Forssmann did not receive support to continue
his research, but others built on his foundational
work. In the 1940s, in New York, Drs Cournand and
Richard continued to develop the technique and used
the PAC to elucidate important mechanisms inherent
to cardiac physiology. In 1956, Drs Forssmann,
Cournand, and Richard jointly accepted the Nobel
Prize in Physiology or Medicine Bfor their discoveries
concerning heart catheterization and pathologic
changes in the circulatory system.^2 After this
international recognition, right heart catheterization
became more widely used over the next decade and a
half but remained restricted to the catheterization
laboratory, primarily for diagnosis of intracardiac
and valvular defects.

In 1970, Swan and colleagues3 published the first
reported use of a flow-directed PAC. The innovative
balloon at the tip of the catheter supported place-
ment of the catheter in the pulmonary artery without
the use of fluoroscopy. Bedside placement of the PAC
was instantly embraced by clinicians and touted as a
Breliable early objective measure of left ventricular
failureIan excellent guide to therapy.^4 The later
addition of a thermistor to the distal catheter and
the development of the thermodilution cardiac out-
put technique in 1971 by the same group5 led to
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considerable commercial development and an explo-
sion of advanced monitoring of hemodynamics at
the bedside. Pulmonary artery pressure and cardiac
output measurement became routine for cardiac
surgery patients in particular and ubiquitous in critical
care units throughout the United States.

In 1976, after the report of more than 10,000 in-
juries related to medical devices like the Dalkon Shield
intrauterine device, the Medical Device Amendment
to the Food, Drug, and Cosmetic Act of 1938 was
enacted.6 This amendment charged the Food and
Drug Administration with ensuring the safety and
efficacy of medical devices. A grandfather clause ex-
cluded PACs from mandatory clinical testing because
they were assumed to provide an obvious benefit to
patients, were already in wide use, and were deter-
mined to be Category II devices, which were considered
nonlife supporting. Thus, PAC safety and their actual
effect on outcome were not scientifically investigated.

Even though complications related to PAC use were
reported soon after the introduction of PACs,7Y9 PAC
safety was not clearly questioned until near the end
of the 1980s and into the 1990s when the mortality
rate was reported to be greater in those patients who
received a PAC after acute myocardial infarction.10,11

However, a majority of scientists and clinicians dis-
counted these concerns. Studies that suggested PAC
use was associated with greater morbidity and mortal-
ity were criticized for poor study design, and study
samples were considered biased because patients who
received PACs purportedly had greater severity of
illness, so would naturally have greater morbidity
and mortality.12

In 1996, a large-scale, multisite, case-matched
study of critically ill medical and surgical patients
(n = 5,735) by Connors and colleagues13 indicated
that PAC use was associated with greater morbidity
and mortality. Serious questions about the safety and
efficacy of PAC were soon expressed by both clini-
cians and the general public. In response, the National
Institutes of Health, National Heart, Lung and Blood
Institute, in conjunction with the Federal Drug Ad-
ministration, convened the Pulmonary Artery Cathe-
terization and Clinical Outcomes Workshop in 1997.1

This group was charged with developing recommen-
dations to improve the utility and safety of the PAC.
Four recommendations arose from a consensus pro-
cess. These included the following: (1) standardization
of education for physicians and nurses with regular
measurement and monitoring of knowledge to improve
the quality and use of data obtained and ensure safety;
(2) conduct of randomized clinical trials in specific
patient populations (refractory heart failure, low-risk
coronary artery bypass surgery, hypoxic pulmonary
disease, and sepsis) to determine the safety and efficacy
of PAC use; (3) systematic evaluation of any new

technology developed for use with critically ill popu-
lations to ensure safety and efficacy; and (4) the use
of international collaborative efforts in this research.

Although the original structure of the PAC has
remained unchanged since its inception, these cathe-
ters evolved with the addition of lumens for measure-
ment of venous pressure, right ventricular volumes,
and ejection fraction and cardiac pacing. The addition
of fiber optics and the use of spectrophotometry for
mixed venous oxygen saturation measurement and
the integration of a thermistor coil for continuous
cardiac output and right ventricular volume mea-
surements also increased the complexity of the origi-
nal PAC. Currently, there are a wide variety of
catheters used internationally.

Recent Research Findings

Studies That Compare the Use of PAC Versus
No PAC

Several recently published studies compared clinical
outcomes of patients managed using a PAC to those
managed without a PAC (Table 1). Many of these
studies focused on the patient populations identified
by the consensus workshop group.14Y19 Mortality
and morbidity,14Y17,19Y22 intensive care and hospital
days,15,16,19,22 intervention use (mechanical ventila-
tion, renal support),16,19 and medication use14Y16,19

were the most commonly evaluated outcomes of these
studies.

In one of the first studies after the Pulmonary
Artery Catheterization and Clinical Outcomes Work-
shop, Rapoport and colleagues23 analyzed retrospec-
tive data from 34 critical care units located at 27 sites
to evaluate PAC use and found important variations
in practice related to PAC use across sites. Admission
to a surgical unit doubled the likelihood of PAC use
(odds ratio [OR], 2.17), whereas care provided by an
intensivist reduced the likelihood of catheter use by
two-thirds (OR, 0.36). White race (OR, 1.38) and
private insurance coverage (OR, 1.33) were also posi-
tively associated with PAC use. These data demon-
strated that organizational characteristics, as well as
patient characteristics, influenced the use of PACs.

Several observational studies that provided little
support for routine PAC use were published early in
this decade. In a comparison of patients managed
with a PAC to those managed without, Vieillard-
Baron and colleagues14 found that PAC use was not
associated with either beneficial or adverse effects in
acute respiratory distress syndrome (ARDS) patients.
Polanczyk and colleagues21 evaluated the use of PAC
in noncardiac, elective surgery patients and found
that PAC use did not improve outcomes in these
patients but was actually associated with a tripling
of the likelihood of postoperative heart failure (OR,
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2.9) and a doubling of the likelihood for noncardiac
morbid events (OR, 2.2). Rhodes and colleagues24

demonstrated no difference in mortality between a
heterogeneous group of critically ill patients man-
aged with a PAC from those managed without; how-
ever, those managed with a PAC demonstrated a
significantly greater prevalence of thrombocytopenia
and renal failure and received significantly greater
fluid support in the 24 hours after PAC insertion (in
all of these findings, P G .03).

In the first published clinical trial related to PAC
use in this decade, Sandham and colleagues20 ran-
domized high-risk adult surgical patients (n = 1,994)
to either goal-directed therapy with a PAC or stan-
dard perioperative care and found no difference in
mortality or hospital days. They concluded that
there was no benefit to PAC-guided therapy in this
population, but did identify a significantly higher
prevalence of pulmonary embolus (P G .004) in the
group that received goal-directed therapy with PAC.

In another randomized clinical trial, Richard and
colleagues16 studied adult patients (n = 676) who
met standard criteria for shock, ARDS, or both.
Patients at 36 centers were randomized to care man-
aged with a PAC or standard care. Although patient
management was decided by each physician, all
sites agreed to optimize circulating blood volume,
to use vasoactive support to maintain a mean arterial
pressure of 60 mm Hg or more when fluid volume
was adequate, and to administer low-molecular-
weight heparin to prevent thromboembolism unless
contraindicated. Data analysis demonstrated no
differences between the groups in mortality at days
14, 28, or 90. At day 14, there were also no sig-
nificant differences in vasoactive support, the need

for renal support, or the number of organ system
failures, and at day 28, there were no differences in
the number of intensive care or hospital days and
no difference in mechanical ventilation use between
these groups. These investigators concluded that
PAC use was safe in the ARDS and shock popula-
tions and that the lack of a consistent treatment
protocol may have been responsible for the lack of
beneficial results in the PAC group.

An observational case-control study of patients
with sepsis (n = 1,010) demonstrated a slight but not
statistically significant lower mortality in patients
managed with a PAC (41% vs 47%, not significant),
but this difference was eliminated by adjusting for
comorbidities and severity of illness.15 Resource
utilization was equivalent between the groups with
a slight trend toward lower costs in PAC patients.
However, the investigators concluded that random-
ized trials were necessary to evaluate efficacy.

In 2005, 3 important publications demonstrated a
lack of data-based support for PAC use. Shah and col-
leagues25 reported a meta-analysis of data from 13
clinical trials published between 1985 and 2005,
which established that use of a PAC to manage patients
did not improve patient outcomes, did not influence
mortality, and did not reduce hospital days. Two large-
scale clinical trials were also published in that year.

Harvey and colleagues22 reported the results of a
large multisite randomized clinical trial in the United
Kingdom. Both medical (respiratory failure, multi-
organ dysfunction, decompensated heart failure, or
other) and surgical (elective or emergent) intensive
care patients (n = 1,041) were included, and patient
management was not controlled but was at the
discretion of the individual physicians. No harm or

TABLE 1 Findings From Recent Randomized Clinical Trials of PAC Safety and Efficacy

Authors Study n Patient Population Clinical Setting Outcomes (Control vs PAC)

Sandham et al20 n = 1,994
997 control
997 PAC

Surgical patients: elective or
emergent major surgery

Age Q 60 y, high risk

19 Canadian
centers

Mortality: 7.7% vs 7.8%, P = .93
LOS: 10 vs 10 d, P = .411

Richard et al16 n = 676
341 control
335 PAC

Patients with shock, ARDS or
the combination of both

36 French centers 14-d mortality: 51.3% vs 49.9%, P = .70
90-d mortality: 72% vs 70.7%, P = .71
LOS hospital: 14.4 vs 14 d, P = .67
LOS ICU: 11.9 vs 11.6 d, P = .72

ESCAPE
investigators17

n = 433
206 control
207 PAC

Patients with severe,
symptomatic heart failure

26 US centers Mortality: 19% vs 21%, P = .35
Hospital LOS: 8.3 vs 8.7 days, P = .67

Harvey et al22 n = 1,014
522 control
519 PAC

Adult ICU patients 65 centers in the
United Kingdom

Mortality: 65.7% vs 68.4%, P = .39
ICU LOS: 15.7 vs 16.8 d, P = .43

ARDS Clinical
Trials Network19

n = 1,000
487 CVC
513 PAC

Patients with acute lung
injury for G48 h

20 North American
centers

Mortality: 26.3% vs 27.4%, P = .69
Ventilator-free days: 13.5 vs 13.2 d, P = .58

Abbreviations: ARDS, acute respiratory distress syndrome; CABG, coronary artery bypass graft; CVC, central venous catheter; ESCAPE, Evaluation
Study of Congestive Heart Failure and Pulmonary Artery Catheter Effectiveness; ICU, intensive care unit; LOS, length of stay; PAC, pulmonary artery
catheter; PE, pulmonary embolism.
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benefit with the use of PAC-guided care was demon-
strated. Hospital mortality, 90-day survival, length
of intensive care unit stay, and days requiring organ
support were similar between those patients man-
aged with and without a PAC. These investigators
concluded that the true benefit of PAC use would not
be evident without clinical trials testing management
protocols guided by PAC data.

The second publication reported a study that arose
from the PAC Clinical Outcomes Workshop. The
Evaluation Study of Congestive Heart Failure and
Pulmonary Artery Catheter Effectiveness (ESCAPE)
clinical trial17 found that in patients with severe,
symptomatic, recurrent heart failure (n = 433), PAC-
managed care provided no survival benefit. Pulmo-
nary artery catheterYguided care was associated with
greater adverse events (22% vs 12%); however, there
was a trend for greater improvement in exercise
capacity and quality of life compared with patients
managed without PAC. The ESCAPE investigators
concluded that PAC use in refractory heart failure is
safe but does not confer major beneficial effects based
on these data. More recently, 2 of the ESCAPE inves-
tigators provided guidelines for the use of a PAC in
patients with advanced heart failure (Table 2).26

Several studies reporting the safety and efficacy
of the PAC were published in 2006. Friese and col-
leagues27 performed a retrospective analysis of data
from the National Trauma Data Bank. Patients who
were managed with a PAC (n = 1,933) were com-
pared with those managed without (n = 51,379).
Their initial analysis identified a significant increase
in mortality in patients managed by PAC (P G .001).
However, once severity of injury was controlled, in-
vestigators found a survival benefit with PAC-guided
management of shock upon arrival to the hospital in
patients 61 to 90 years old, those with an arrival
base deficit worse than j11 and those with an Injury
Severity Score 25 to 75. Thus, PAC-guided therapy
for shock reduced mortality in patients with severe
shock at hospital arrival and in elderly patients with
moderate shock.

In an observational clinical trial, Djaiani and col-
leagues18 investigated data requirements for clinical
management of patients during and after elective coro-
nary artery bypass surgery. All patients had a PAC, but
data were blinded unless patients exhibited specific
objective criteria; PAC data were then made available
and used to manage therapy. Only 23% of patients
studied (n = 200) demonstrated an actual need for
the PAC data, and treatment was altered based on
these data in only 9% of patients. This study did not
support routine use of the PAC in elective coronary ar-
tery bypass surgery patients. The investigators con-
cluded that patients receiving elective coronary artery
bypass surgery do not require routine placement of
a PAC, and PAC insertion should be delayed until
clinical need is apparent.

Harvey and colleagues22 published a systematic
review of studies reported between 1995 and 2003 to
determine the effects of PAC-guided care on mortality
and costs. These investigators found only 11 studies
that met their inclusion criteria, and pooled data in-
dicated that neither mortality nor costs were differ-
ent for patients with PAC-guided therapy. Because
only 2 of the included studies were clinical trials, this
group followed this review with a multicenter, ran-
domized clinical trial with 65 centers in the United
Kingdom participating (n = 1,041) and found no dif-
ference in mortality, intensive care or hospital days, or
number of days of organ support when patients man-
aged with PAC were compared with those managed
without. These investigators suggested that because
the PAC has been demonstrated to produce no im-
provement in survival, clinical trials should be focused
on testing protocols guided by PAC data in selected
homogeneous groups of critically ill patients to more
clearly evaluate efficacy.

Protocol-Driven Therapy Using PAC Versus
Central Venous Catheter

Only one study has been published recently that re-
ported the results from a multicenter factorial, ran-
domized clinical trial that included the testing of a
systematic treatment protocol based on hemodynamic
data. The ARDS Clinical Trials Network19 random-
ized patients with acute lung injury to a treatment pro-
tocol guided by PAC data (n = 513) or one guided
by central venous catheter (CVC) data (n = 487). Pa-
tients were further randomized to either liberal or
conservative fluid management. A specific hemody-
namic protocol guided the management of all patients;
ranges for measures obtained from the catheter (PAC or
CVC) and for blood pressure, urinary output, and
physical findings were imbedded in the protocol. Pa-
tients with acute lung injury managed with a PAC
demonstrated no difference in mortality, ventilator-free

TABLE 2 Indications for Use of a PAC in Patients

With Advanced Heart Failure

Patients with:
Failure of initial therapeutic management
Unclear volume and perfusion state
Worsening renal function during therapeutic intervention
Significant hypotension during therapeutic intervention
Requirement for escalating doses of inotropic or
vasoactive medications

Requirement for chronic outpatient infusion of medication
Need for preoperative evaluation for cardiac
transplantation

Abbreviation: PAC, pulmonary artery catheters.
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days, intensive care days, lung and kidney function,
hypotension rates, ventilator settings, or use of dialysis
or vasopressors when compared with those managed
with a CVC. Pulmonary artery catheter use was
associated with more complications compared with
CVC use. Although none were related to mortality,
these included cardiac dysrhythmias, difficult place-
ment of catheter, catheter malfunction, air embolus,
arterial puncture, and local infection. To date, this is the
only clinical trial to evaluate the use of PAC infor-
mation to guide therapy without the unspoken assump-
tion of other studies that placement of the PAC alone
will improve patient outcome.

Issues With Reliability and Validity

There are a number of variables that may influence the
validity and reliability of measures made with a PAC.
These can be categorized as patient or clinician fac-
tors. Control of these variables has not typically been
described in studies of PAC use, but lack of control
may considerably influence data obtained by PAC and
study outcomes; thus, consideration of these is vital.

Patient Factors

Patient variables that influence PAC measures include
the position of the catheter within the pulmonary
vascular system, the extent of pulmonary artery wave-
form excursion with ventilation, the degree of pul-
monary and chest wall compliance, the amount and
transmission of pleural pressure to pulmonary vessels,
and the application of mechanical ventilation and posi-
tive end-expiratory pressure. Valid measures require
the PAC tip be located in a West zone III lung area, a
vascular area where pulmonary arterial pressure is
greater than venous and alveolar pressure.28 This loca-
tion ensures a column of blood from the distal tip of
the catheter to the left heart and measurement of pres-
sures that reflect end-diastolic pressure. West zone III
areas are typically located at or below the level of the
left atrium. Distal catheter tip position may be evalu-
ated by radiograph, inspection of the pulmonary ar-
tery occlusion pressure waveform, and comparison of
the pulmonary artery end-diastolic pressure to the pul-
monary artery occlusion pressure.29

Ventilatory variation in the pulmonary artery pres-
sure waveform is common. Changes in intrathoracic
pressure produced with ventilation are reflected on pul-
monary vessels within the closed thoracic cavity. Dur-
ing normal spontaneous ventilation, pulmonary artery
pressure decreases with inspiration and increases dur-
ing expiration. In this instance, pulmonary artery
pressures are measured at end-expiration when in-
trathoracic and atmospheric pressures are equal. In
patients with a 10- to 15-mm Hg fluctuation in

pulmonary artery pressure with ventilation, pulmo-
nary artery occlusion pressure may be overestimated
by as much as 10 mm Hg.30 When substantial venti-
latory excursions occur, measures made at the point
midway between end-inspiration and end-expiration
are more valid.31

To further complicate PAC measures, the extent
of intrathoracic pressure transmitted to the pulmo-
nary vessels is influenced by the degree of lung and
chest wall compliance.32,33 Less pressure is trans-
mitted to the pulmonary vessels in a patient with
reduced lung compliance, as with ARDS, and/or
increased chest wall compliance found with condi-
tions like flail chest. Thus, pathophysiological altera-
tions must be considered in the measurement and
evaluation of PAC data.

Mechanical ventilation strategies confound the
measurement of pulmonary artery pressure. Auto-
positive end-expiratory pressure (PEEP) with hyper-
inflation or the application of mechanical PEEP may
produce apparent elevations in pulmonary pressures
that are not a true reflection of hemodynamic state.
When PEEP of 10 cm H2O pressure or less is used
with mechanical ventilation, the effect on pulmonary
vascular pressures is negligible. Auto-positive end-
expiratory pressure 9 10 cm H2O pressure has been
demonstrated to be transmitted to pulmonary vessels
by 40% to 60% in the presence of both normal and
reduced lung compliance and to increase linearly as
PEEP level is increased.33 However, transmission of
PEEP often exceeds 60%. It is currently not possible
to reliably estimate the degree of pressure transmis-
sion in any given individual.

In addition to mechanical ventilation and PEEP,
intra-abdominal hypertension, a frequent complica-
tion of critical illness, also influences the degree of
pleural pressure transmission, with as much as 60%
to 70% of intra-abdominal pressure transmitted to
the pleural space.34,35 In some institutions, calcula-
tions may be used to Bcorrect^ the pulmonary artery
occlusion pressure values for the application of PEEP;
however, this correction is valid only in patients with
normal lung and chest wall compliance and does not
take into account the effects of intra-abdominal pres-
sure.36 Thus, for most critically ill patients, use of this
correction may not provide valid data.

Hemodynamic homeostasis is maintained by rapid,
complex alterations in a number of cardiovascular
variables like heart rate, contractility, and vascular
resistance. Pathological states, drug therapy, and co-
existing disease processes may affect response to
alterations in homeostasis. Often, critically ill in-
dividuals may not respond as expected because of
undetected physiological alterations or drug effects.
Thus, isolated or infrequent measures of hemody-
namic parameters may not reflect true hemodynamic
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state. Catheter tip position, pleural pressure, and
lung and chest wall compliance may additionally
confound the true hemodynamic picture and pro-
duce invalid measures upon which clinical decisions
are made.

Clinician Factors

There are several variables related to clinicians that
influence the reliability and validity of PAC measures.
Perhaps one of the most serious issues with PAC use is
the degree of clinician technical skill and knowledge.
The measurement of reliable and valid data from a
PAC requires a thorough understanding of cardio-
vascular anatomy, physiology, pathophysiology, and
hemodynamic monitoring principles. Insufficient and
inaccurate knowledge in any of these areas can lead to
errors in equipment preparation and use, collection of
invalid hemodynamic data, and inaccurate interpreta-
tion of patient hemodynamic status. Unfortunately,
seriously inadequate knowledge for both critical care
physicians and nurses37Y40 and misinterpretation of
PAC data41 has been previously documented. The Pul-
monary Artery Catheter Educational Program was es-
tablished by the Pulmonary Artery Catheterization
and Clinical Outcomes Workshop and is currently
available for clinicians (www.pacep.org) to provide
consistent, high-quality information to improve clini-
cian knowledge; however, its impact has not been re-
cently evaluated.

Valid PAC measures require a fluid-filled system
with an appropriate frequency response that has
been correctly zeroed (referenced to atmospheric
air), calibrated (standardized and calibrated by
manufacturers), and leveled or referenced to the left
atrium.42 Incorrect transducer leveling generates in-
accurate pressure measures.43 Rice and colleagues44

performed a systematic comparison of methods
commonly used for transducer leveling and identi-
fied significant differences in transducer placement
dependent on leveling method used (P G .05). In this
study, errors in transducer placement ranged from
4.6 cm above the left atrium to 6.3 cm below. Errors
were greatest using simple visual alignment and
least using a laser level. Thus, a factor as simple as
transducer placement may significantly alter PAC
data. Appropriately releveling the transducer with
a change in patient position provides accurate and
reliable data when performed correctly.45Y54 Un-
fortunately, clinicians have not consistently adopted
research findings related to PAC measures and body
position.

Another technical issue that influences validity of
PAC data is the choice to use digital values provided
by monitoring equipment rather than measurement
of pressures from a printed graphic representation

of the waveform. Values obtained by clinician ex-
amination of graphic waveforms were found to be
significantly more accurate compared with the digi-
tal value provided at the bedside in a study by Ahrens
and Schallom (P G .05).55 Critical care clinicians
who rely on the digital hemodynamic values pro-
vided by a monitor may seriously compromise patient
safety with erroneous clinical decisions based on
inaccurate data.

A major clinician-based issue is the standard nor-
mative values against which critically ill patient values
are compared. These norms were obtained from rest-
ing, normal adults.56Y58 However, by the very nature
of their illness or injury, critically ill individuals are not
normal. This does not mean that all patients will have
hemodynamic values that fall outside established
normal ranges; however, values within the normal
range may be inadequate for critically ill patients.59

Currently, optimal hemodynamic ranges do not exist
for critically ill patients. Thus, the set goal of PAC in-
terventions may be inappropriate, whereas the true
goal remains unknown.

Complications Associated With PAC

Complications related to PAC use were not system-
atically investigated after the introduction of this
new technology. Early published reports of compli-
cations included single case reports, usually with the
admonition to be prepared for a similar case. In the
1970s, a number of serious complications directly
attributed to the PAC were reported. These included
fatal pulmonary hemorrhage,60,61 the development
of complete heart block,62 pulmonary infarction,8

aseptic, thrombotic, endocardial vegetation,7 ven-
tricular tachycardia requiring cardioversion,63 and
tangling of the PAC in intracardiac sutures.9 In re-
sponse to a report of a patient death from pulmonary
hemorrhage,60 Drs Swan and Ganz64 wrote a letter
to the editors of Annals of Internal Medicine and
said BConsidering that between 1 and 2 million flow-
directed catheterizations have been done since the
introduction of balloon flotation catheters, the real
incidence of this complication is probably low
(although many cases have gone unreported); never-
theless, we feel that a majority of such events are
avoidable by strict adherence to appropriate tech-
niques.^ Swan and Ganz attributed complications to
the lack of knowledge and training of physicians
and nurses and lack of adherence to the published
guidelines for PAC use.65

Although recent data indicate that PAC is not as-
sociated with greater morbidity and mortality in several
patient populations, the occurrence of serious adverse
events continues to be anecdotally reported. Recent
complications reported included pseudoaneurysm
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formation,66 arteriovenous fistula formation between
carotid artery and internal jugular vein,67 venous air
embolus,68 pulmonary artery rupture,69,70 and right
ventricular perforation.70 In a systematic investigation
of PAC-related complications in patients with pul-
monary hypertension, a particularly high-risk group,
Hoeper and colleagues71 found that 1.1% of patients
(n = 7,218) receiving PAC experienced a serious ad-
verse event, and only 0.06% experienced an adverse
event that resulted in mortality. This low rate of seri-
ous adverse events and mortality is consistent with
that reported in several of the clinical trials previously
described.18,19,22 In addition, Bossert and colleagues70

found only 4 serious complications of PAC use in
perioperative cardiac surgery patients (n = 3,730), a
prevalence of 0.1%. Several investigators purport
that centers with a high volume of PAC use experi-
ence lower rates of serious adverse events potentially
due to superior technical skills and knowledge;17,22

however, this relationship has not been systematically
investigated.

Summary

Routine placement of PACs is not supported by
studies published since the Pulmonary Artery Cathe-
terization and Clinical Outcomes Workshop in 1997.
Most of these studies found the PAC to be safe but
did not identify any benefit from its use. Clearly,
placement of the PAC alone should not be expected
to improve outcomes because it is a diagnostic and
monitoring device rather than a treatment. A therapy
guided by a PAC should be the actual independent
variable studied in future clinical trials.
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