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The Arc of the Pulmonary Artery Catheter
Robert A. Fowler, MD
Deborah J. Cook, MD

LONG-AWAITED ADVANCES IN THE TREATMENT OF CRITI-
cally ill patients with shock and acute lung injury
are evidenced by recent randomized trials of mor-
tality-reducing interventions.1-5 However, research

that strives to change clinical practice is often met with a
combination of celebration, skepticism, and controversy. One
continuing controversy concerns the utility of the quintes-
sential technology of the intensive care unit (ICU): the pul-
monary artery catheter (PAC). The PAC is unique in its mul-
tipurpose role. Used for diagnosis, monitoring, and
inexorably linked to goal-directed therapy, the PAC has
shaped how generations of physicians define and treat criti-
cal illness. Indeed, according to a popular critical care text-
book, the PAC is “not just important for the specialty of criti-
cal care, it is responsible for the specialty of critical care.”6

Pulmonary artery catheterization was initially performed
in cardiac catheterization laboratories to aid in decision mak-
ing about cardiothoracic surgery.7 With the introduction of
flow-directed balloon-tipped catheters in 1970, the PAC be-
came accessible to many physicians and was soon adopted as
a tool to guide cardiovascular therapy in perioperative and criti-
cal care medicine.8 Consistent with the history of many new
technologies in health care, especially in the ICU setting,9 the
effect of this technology on patient-centered outcomes was not
initially tested in randomized trials. Benefit was assumed. For
nearly 2 decades, the PAC provided enhanced understand-
ing of cardiopulmonary pathophysiology through measures
of cardiac output, right and left heart filling pressures, and sys-
temic and pulmonary vascular resistance. Individualized phar-
macotherapeutic interventions were thus possible, informed
by real-time patient-specific data from the PAC.

In the 1980s, observational studies of patients with acute
coronary syndromes distinctly challenged the utility and safety
of this intervention, suggesting higher mortality for patients
receivingaPAC.10,11 In 1996, a retrospectiveobservational study
of 5735 critically ill patients suggested that the PAC was as-
sociated with increased mortality and increased costs of care,
even after adjusting for the propensity to receive catheteriza-
tion.12 In 2000, a large retrospective observational study of

10217 patients showed that use of the PAC was indepen-
dently associated with admission to a surgical ICU, care de-
livered by a nonintensivist, patient race, and private insur-
ance coverage.13 In 2001, a prospective observational study
of 4059 patients undergoing major elective noncardiac sur-
gery reported that those patients treated with a PAC had a 3-fold
increase in major postoperative cardiac events.14

Together, these publications had important consequences.
They generated debate about whether patients should be man-
aged with a PAC and why. They raised awareness about how
in nonexperimental studies potentially inadequately adjusted
confounders could lead to spurious associations between the
PAC and poor clinical outcomes. They challenged us to step
back and critically evaluate the PAC in terms of patient popu-
lations mostly likely to benefit. It became better understood
that a diagnostic and monitoring device cannot improve clini-
cal endpointsunless the therapybasedondata fromthatdevice
is itself effective. It was no longer just about the information
obtained from the PAC—what was done with the data mat-
ters. An editorial accompanying the provocative study by Con-
nors et al12 called (again) for a moratorium on the PAC or more
randomized trials to test its effect on patient outcomes.15

The international critical care community embraced this re-
search challenge, even though it was not new. Concurrent with
the planning and conduct of other large trials, 2 systematic
reviews of previous smaller randomized trials of elderly sur-
gical patients found no overall benefit to the PAC, with or with-
out goal-directed therapy.16,17 An early attempt to conduct a
randomized trial of the PAC in Ontario was limited by lack
of equipoise and physician distress about the suitability of with-
holding the PAC from half of the patients.18 Meanwhile, the
Canadian Critical Care Trials group had been formed in rec-
ognition of the need to distinguish the clinical impression of
benefit from unbiased evidence of benefit in large studies ad-
dressing several clinical issues.19 Committed to answering re-
search questions collaboratively in multicenter randomized
trials, one of the group’s first projects addressed the question
of whether, among patients undergoing high-risk noncar-
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diac surgery, the PAC and protocol-guided therapy influ-
enced 28-day mortality compared with a central venous cath-
eter insertion and management at the discretion of the ICU
team.20 Among 1994 patients, Sandham et al20 found no dif-
ferences in mortality, length of hospital stay, or organ dys-
function; however, patients who received a PAC had a sig-
nificantly higher rate of pulmonary embolism.

In this issueofTHE JOURNAL,Richardandcolleagues21 make
akeycontributionto thiscelebratedandmuchdebateddevice,
by studying the safety and clinical outcomes of patients fre-
quently managed with PAC—those with early shock, with es-
tablishedacute respiratorydistress syndrome(ARDS),orwith
both.Thesepatientshaveahighmorbidity,mortality,andcost,
and are considered by many to be most likely to benefit from
the PAC. In the United States, approximately 750000 cases of
sepsisoccureachyear,ofwhichat least225000are fatal.22 Ap-
proximately 60000 to 200000 patients develop acute lung in-
jury in the United States, which has a mortality rate of 40% to
60%.23-25 Shock and ARDS are intrinsically linked; epidemio-
logic studies and clinical trials suggest that 30% to 43% of pa-
tientswithsevere sepsisdevelopARDS.26,27 More than1.5mil-
lionpatientsperyearreceivePACs,manyofwhichareforshock
or ARDS, at an estimated cost of more than US $2 billion.28

The trial by Richard et al21 was conducted between Janu-
ary 30, 1999, and June 29, 2001, in 36 French ICU centers.
Patients were stratified by site and randomized to insertion
of a PAC. Concealed allocation was ensured by central tele-
phone-in randomization. A total of 681 patients with shock
or ARDS were assigned to receive a PAC or not; random-
ization resulted in 2 comparable groups at baseline. Post-
randomization, the study was unblinded, as is common for
many device trials. No patients were lost to follow-up and
analysis was by intention-to-treat. Between patients receiv-
ing and not receiving the PAC, investigators found no dif-
ference in organ dysfunction, need for vasoactive agents, du-
ration of mechanical ventilation, duration of ICU stay,
duration of hospital stay, or 28-day mortality.

In this trial, treatment based on data obtained from the PAC
was at the discretion of individual physicians. Although thera-
peutic principles were established, such as “vasoactive sup-
port if necessary at a mean arterial pressure of at least 60
mm Hg when fluid balance was optimal,” strategies were nei-
ther detailed nor protocolized. The inability to blind care-
givers and the lack of a goal-directed treatment protocol may
be viewed by some as a design limitation, particularly be-
cause goal-directed therapy has recently been associated with
lower mortality for patients with early severe sepsis and sep-
tic shock2; however, its impact in ARDS remains unproven.
Furthermore, other trials of goal-directed therapy involving
the PAC have found such targets difficult to achieve and not
beneficial to patients.20,29 This potential trade-off between the
internal validity of a trial (were groups treated equally aside
from the experimental intervention?) and the external valid-
ity of a trial (are results generalizable to other settings?) is both
understandable and potentially optimal considering the clini-
cal question posed by this study.

A design choice not to standardize treatment but to repli-
cate day-to-day care in ICUs around the world may reflect the
reality that there isnothingstandardabout“standardpractice,”
and there is no proven “best practice.” Thus, encoding only
onetreatmentstrategyintoatrialprotocolshouldnotbeviewed
as thebestoronlyapproach—an issueamongseveral thatwas
hotlycontestedrecentlyfortheNationalHeart,Lung,andBlood
Institute–funded ARDSNet studies.30 Nevertheless, interpre-
tationofthetrialbyRichardetal21wouldbeenhancedbyknowl-
edge of the proportion of patients in each group that received
interventions known to influence outcome during the period
of study, such as red blood cell transfusions, low tidal volume
ventilation, inotropes, and vasopressors.

Some questions about the safety of the PAC remain. Richard
et al21 reported 17 arterial punctures, 1 hemothorax, 60 pa-
tients with arrhythmias, 6 patients with catheter knots, 8 pa-
tients with signs of exit site infection and sepsis, and 2 with
positive catheter cultures. However, it does not appear that
systematic screening for complications was undertaken in both
groups. Complications possible in both groups such as arte-
rial punctures may not have been recorded as well in the con-
trol group vs the PAC group; therefore, reported complica-
tions may be underestimated overall and inflated in terms of
their difference between the 2 groups. For all devices like the
PAC, harm associated with catheter insertion and manage-
ment may vary among physicians, underscoring how operator-
dependent complications in device trials are the study out-
comes least generalizable to other settings.

Richard et al21 appropriately caution that a lower than ex-
pected enrollment and smaller sample size than originally
planned may have limited the power to detect a difference
in effectiveness or safety end points between the PAC and
control groups. However, taking into account the observed
difference in mortality, they conclude at the risk of 5% that
the absolute difference in mortality between groups is no
more than 7.8%. Although this trial does not indicate harm
with PAC use, harm cannot be definitely ruled out. The po-
tential risk of an absolute difference in mortality of 7.8% is
still important but a randomized trial may need to recruit
3000 to 4000 patients to exclude an increased absolute risk
of death of 5% suggested by a previous observational study.12

In terms of trial management, this study has 3 unique fea-
tures. Investigators report that a single institution’s research
ethics board approved the protocol rather than each partici-
pating center; in North America, the latter is more typical in
today’s eraofheightenedresearchoversight. Second,as isusual
for studies in the critically ill, informed consent was requested
of patients but was more commonly obtained from their next
of kin. When patients could understand, they were given the
right to withdraw their participation; 5 of 681 randomized
patients denied inclusion of their data. Although these omis-
sions do not influence the trial’s interpretation, this phenom-
enon suggests that how clinical research is experienced by and
best explained to those individuals with resolving critical ill-
ness could itself be an informative field of research. Third, this
trial was managed by the French Pulmonary Artery Catheter
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Study Steering Committee, in collaboration with a data and
safetymonitoringboard.Theadmirablyhonestandall toofamil-
iarpatientrecruitmentchallengesarereported, leadingthesteer-
ing committee to target trial completion with 80% rather than
90% power to detect a 10% difference in 28-day mortality
between the 2 groups. When the planned study duration
extended from 18 months to 30 months, it is plausible that
concerns about shifts in practice patterns led the steering com-
mittee to stop the trial after accrual of 681 (out of a revised
target of 754) patients. As reported, the data and safety moni-
toring board approved this decision, perhaps in part on the
grounds that temporal changes in treatment (based on data
from the PAC or not) could modify the treatment effect and
create trial results that may be difficult to interpret. This issue
raises questions about precisely which treatments, if power-
ful and unequally applied between the 2 groups, could influ-
ence the trial results, because it is possible and the benefits of
lowtidalvolumeventilation,1 earlygoal-directed therapy,2 acti-
vated protein C,3 and corticosteroids5 for severe sepsis might
have been informally disseminated during the conduct of this
trial. However, this seems very unlikely. The transparent man-
agement decisions reported by Richard et al21 are refreshing
toread.Trialistsmayspeculateabout the fateof thisstudyunder
similar circumstances but in different jurisdictions, given that
some research environments create arms-length organiza-
tional structures and separate decisional responsibilities for
trial policies regarding power, sample size, and stopping rules.

Theresultsof thismulticenter randomizedcontrolledclini-
cal trial of the PAC in patients with shock, ARDS, or both may
lead to more than one interpretation. The PAC was not asso-
ciatedwith increasedmortalityormorbidity;however,neither
was it associated with improved clinical outcomes. This trial
and other studies provide reassurance that further investiga-
tion into the role of the PAC is feasible, likely safe, and should
proceed forthwith. Even larger trials may be needed to more
definitivelyevaluatethistechnology.Acomplementaryapproach
is selection of specific patient populations to test protocolized
treatment schedulesbasedondataobtained fromthePAC. In-
tensivistseagerlyawait thecompletionof2ongoingstudies that
champion thesedifferentdesigns: theUKNationalHealthSer-
vice sponsored study Pulmonary Artery Catheters in Patient
Management in Intensive Care (PAC-Man)31 and the recently
resumedNationalHeart,Lung,andBloodInstitute–sponsored
FluidsandCathetersTreatmentTrial(FACTT)oftheARDSNet.32

Critical care medicine is well poised to build on its solid
foundation of pathophysiological research and technology
development with collaborative multicenter clinical inves-
tigations. These complementary approaches to inquiry
are needed to help physicians better understand the
risk:benefit, effort:yield, and cost:benefit of the PAC, as well
as other old and new interventions used to care for the most
seriously ill hospitalized patients in the ICU.33
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5. Annane D, Sébille V, Charpentier C, et al. Effect of treatment with low doses
of hydrocortisone and fludrocortisone on mortality in patients with septic shock.
JAMA. 2002;288:862-871.
6. Marino, PL. The ICU Book. 2nd ed. Philadelphia, Pa: Lippincott, Williams &
Wilkins; 1997.
7. Dexter L, Haynes FW, Burwell CS, et al. Studies of congenital heart disease, I:
technique of venous catheterization as a diagnostic procedure. J Clin Invest. 1947;
26:547-553.
8. Swan HJ, Ganz W, Forrester J, et al. Catheterization of the heart in man with
use of a flow-directed balloon-tipped catheter. N Engl J Med. 1970;283:447-
451.
9. Cook DJ, Sibbald WJ. The progress, the promise and the paradox of technol-
ogy assessment in the intensive care unit. CMAJ. 1999;161:1118-1119.
10. Gore JM, Goldberg RJ, Spodick DH, Aplert JS, Dalen JE. A community-wide
assessment of the use of pulmonary artery catheters in patients with acute myo-
cardial: a prospective autopsy study. Chest. 1985;88:567-572.
11. Zion MM, Balkin J, Rosenmann D, et al. Use of pulmonary artery catheters in
patients with acute myocardial infarction. Chest. 1990;98:1331-1335.
12. Connors AF Jr, Speroff T, Dawson NV, et al, for the SUPPORT Investigators.
The effectiveness of right heart catheterization in the initial care of critically ill pa-
tients. JAMA. 1996;276:889-897.
13. Rapoport J, Teres D, Steingrub J, et al. Patient characteristics and ICU orga-
nizational factors that influence frequency of pulmonary artery catheterization. JAMA.
2000;283:2559-2567.
14. Polanczyk CA, Rohde LE, Goldman L, et al. Right heart catheterization and
cardiac complications in patients undergoing noncardiac surgery: an observa-
tional study. JAMA. 2001;286:309-314.
15. Dalen JE, Bone RC. Is it time to pull the pulmonary artery catheter? JAMA.
1996;276:916-918.
16. Heyland DK, Cook DJ, King D, et al. Maximizing oxygen delivery in critically
ill patients. Crit Care Med. 1996;24:517-524.
17. Ivanov RI, Allen J, Sandham JD, Calvin JE. Pulmonary artery catheterization:
a narrative and systematic critique of randomized controlled trials and recommen-
dations for the future. New Horiz. 1997;5:268-276.
18. Guyatt G, for the Ontario Intensive Care Study Group. A randomized control
trial of right-heart catheterization in critically ill patients. J Intensive Care Med.
1991;6:91-95.
19. Cook DJ, Todd TRJ. The Canadian Critical Care Trials Group: a collaborative
educational organization for the advancement of adult clinical ICU research. In-
tensive Care World. 1997;14:68-70.
20. Sandham JD, Hull RD, Brant RF, et al, for the Canadian Critical Care Trials
Group. A randomized, controlled trial of the use of pulmonary-artery catheters in
high-risk surgical patients. N Engl J Med. 2003;348:5-14.
21. Richard C, Warszawski J, Anguel N, et al, for the French Pulmonary Artery
Catheter Study Group. Early use of the pulmonary artery catheter and outcomes
in patients with shock and acute respiratory distress syndrome: a randomized con-
trolled trial. JAMA. 2003;290:2713-2720.
22. Linde-Zwirble WT, Angus DC, Carcillo J, et al. Age-specific incidence and out-
come of sepsis in the US. Crit Care Med. 1999;27(suppl 1):A33.
23. Ware LB, Matthay MA. Medical progress: the acute respiratory distress syn-
drome. N Engl J Med. 2000;342:1334-1349.
24. Goss CH, Brower RG, Hudson LD, Rubenfeld GD, for the ARDS Network. Inci-
dence of acute lung injury in the United States. Crit Care Med. 2003;31:1607-1611.
25. US Census. Available at: http://eire.census.gov/popest/data/states
/ST-EST2002-ASRO-01.php. Accessed September 27, 2003.
26. Hudson LD, Milberg JA, Anardi D, et al. Clinical risks for development of the
acute respiratory distress syndrome. Am J Respir Crit Care Med. 1995;151:293-
301.
27. Bernard GR, Wheeler AP, Russell JA, et al, for the Ibuprofen in Sepsis Study
Group. The effects of ibuprofen on the physiology and survival of patients with
sepsis. N Engl J Med. 1997;336:912-918.
28. Dalen JR. The pulmonary artery catheter: friend, foe, or accomplice? JAMA.
2001;286:348-350.
29. Gattinoni L, Brazzi L, Pelosi P, et al, for the SvO2 Collaborative Group. A trial
of goal-oriented hemodynamic therapy in critically ill patients. N Engl J Med. 1995;
333:1025-1032.
30. Steinbrook R. How best to ventilate? trial design and patient safety in stud-
ies of the acute respiratory distress syndrome. N Engl J Med. 2003;348:1393-
1401.
31. Intensive Care National Audit and Research Centre. Pulmonary artery cath-
eters in patient management. Available at: http://www.icnarc.org/PAC-Man
.htm. Accessibility verified November 5, 2003.
32. ARDS Clinical Network. Available at: http://hedwig.mgh.harvard.edu/ardsnet
/factt.pdf. Accessibility verified November 5, 2003.
33. Cook DJ, Brower R, Cooper J, Brochard L, Vincent JL. Multicenter clinical re-
search in critical care. Crit Care Med. 2002;30:1636-1643.

EDITORIALS

2734 JAMA, November 26, 2003—Vol 290, No. 20 (Reprinted) ©2003 American Medical Association. All rights reserved.


