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Background

The balance between the benefits and the risks of pulmonary-artery catheters (PACs) has 
not been established.

Methods

We evaluated the relationship of benefits and risks of PACs in 1000 patients with 
established acute lung injury in a randomized trial comparing hemodynamic man-
agement guided by a PAC with hemodynamic management guided by a central venous 
catheter (CVC) using an explicit management protocol. Mortality during the first 
60 days before discharge home was the primary outcome.

Results

The groups had similar baseline characteristics. The rates of death during the first 
60 days before discharge home were similar in the PAC and CVC groups (27.4 per-
cent and 26.3 percent, respectively; P = 0.69; absolute difference, 1.1 percent; 95 percent 
confidence interval, –4.4 to 6.6 percent), as were the mean (±SE) numbers of both 
ventilator-free days (13.2±0.5 and 13.5±0.5; P = 0.58) and days not spent in the in-
tensive care unit (12.0±0.4 and 12.5±0.5; P = 0.40) to day 28. PAC-guided therapy did 
not improve these measures for patients in shock at the time of enrollment. There 
were no significant differences between groups in lung or kidney function, rates of 
hypotension, ventilator settings, or use of dialysis or vasopressors. Approximately 
90 percent of protocol instructions were followed in both groups, with a 1 percent 
rate of crossover from CVC- to PAC-guided therapy. Fluid balance was similar in the 
two groups, as was the proportion of instructions given for fluid and diuretics. Dobu-
tamine use was uncommon. The PAC group had approximately twice as many cathe-
ter-related complications (predominantly arrhythmias).

Conclusions

PAC-guided therapy did not improve survival or organ function but was associated 
with more complications than CVC-guided therapy. These results, when considered 
with those of previous studies, suggest that the PAC should not be routinely used for 
the management of acute lung injury. (ClinicalTrials.gov number, NCT00281268.)
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The pulmonary-artery catheter (pac) 
provides unique hemodynamic data, in-
cluding the cardiac index and pulmonary-

artery–occlusion pressure. People who advocate 
the use of the PAC note that the clinician’s ability 
to predict intravascular pressure with the use of 
this catheter is poor1-3; central venous pressure, as 
obtained by means of the PAC, correlates imper-
fectly with pulmonary-artery–occlusion pres-
sure4-6; and the insertion of a PAC often changes 
therapy.6-8 Although many critically ill patients re-
ceive PACs,9 no clear clinical benefit has been as-
sociated with their use.10-12

Practitioners often misinterpret the informa-
tion obtained by means of a PAC or act incorrectly 
even when the data obtained with the use of this 
catheter are unambiguous, raising questions about 
the catheter’s value in usual practice.13-18 A num-
ber of retrospective, prospective uncontrolled, and 
cohort studies6,19-25 have raised questions about 
the safety of PACs, but because of their nonran-
domized design, the results were not conclusive. 
Fears that the PAC could be harmful prompted 
calls for educational initiatives and even for a 
moratorium on its use until randomized trials 
were conducted.26-29 The results of randomized 
studies also cast doubt on the value of the PAC,30-35 
but even these were regarded as inconclusive be-
cause of the studies’ small size, population selec-
tion, lack of a comparison group randomly as-
signed to central venous catheter (CVC)–guided 
therapy, or most important, lack of an explicit 
management protocol.36-40 To address these un-
certainties, we conducted a randomized trial of 
the management of acute lung injury using an 
explicit hemodynamic protocol guided by blood 
pressure, urinary output, and the results of a physi-
cal examination plus data obtained with either 
a PAC (i.e., cardiac index and pulmonary-artery–
occlusion pressure) or a CVC (i.e., central venous 
pressure). Oxygen delivery and central or mixed 
venous oxygen saturation were not used in the 
management protocol.

Me thods

Study Design

The protocol for this multicenter factorial study, 
known as the Fluid and Catheter Treatment Trial 
(FACTT), can be found in the Supplementary Ap-
pendix, available with the full text of this article 
at www.nejm.org. Patients who had had acute lung 

injury for 48 hours or less were randomly assigned 
in permuted blocks of eight to receive a PAC or a 
CVC with the use of an automated system. Hemo-
dynamic data obtained from the catheter were 
combined with clinical measures for use in a stan-
dardized management protocol. Patients were si-
multaneously randomly assigned to a strategy of 
either liberal or conservative use of fluids guided 
by an explicit protocol (described in the Supple-
mentary Appendix). Randomization was strati-
fied according to hospital and the type of fluid 
therapy.

Inclusion Criteria

Eligible patients were receiving positive-pressure 
ventilation by tracheal tube and had a ratio of the 
partial pressure of arterial oxygen (PaO

2
) to the 

fraction of inspired oxygen (FIO
2
) below 300 (ad-

justed if the altitude exceeded 1000 m) and bilat-
eral infiltrates on chest radiography consistent 
with the presence of pulmonary edema not due 
to left atrial hypertension.41 If a potential partici-
pant did not have a CVC, the primary physician’s 
intent to insert one was required.

Exclusion Criteria

All reasons for exclusion are listed in Table 1 of 
the Supplementary Appendix. Major exclusion cri-
teria were the presence of a PAC after the onset of 
acute lung injury; the presence of acute lung in-
jury for more than 48 hours; an inability to ob-
tain consent; the presence of chronic conditions 
that could independently influence survival, im-
pair weaning, or compromise compliance with 
the protocol, such as dependence on dialysis or 
severe lung or neuromuscular disease; and irre-
versible conditions for which the estimated six-
month mortality rate exceeded 50 percent, such 
as advanced cancer. 

Study Procedures

Ventilation according to the Acute Respiratory 
Distress Syndrome (ARDS) Network protocol of 
lower tidal volumes was begun within one hour 
after randomization and continued until day 28 
or until the patient was breathing without assis-
tance.42 The assigned catheter was inserted with-
in four hours after randomization. A CVC in-
serted before randomization could be used to 
determine intravascular pressure in the CVC group. 
Hemodynamic management as dictated by the 
protocol was started within the next 2 hours and 

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at EMORY UNIVERSITY on October 25, 2006 . 



pulmonary-artery or centr al venous catheter ther apy for lung injury

n engl j med 354;21 www.nejm.org may 25, 2006 2215

continued for seven days or until 12 hours after the 
patient was able to breathe without assistance.42 
The PAC could be replaced by a CVC if hemody-
namic stability (defined by the absence of the 
need for protocol-directed interventions for more 
than 24 hours) was achieved after day 3. We re-
corded complications from all central catheters 
present during the hemodynamic-management pe-
riod and for three days after their removal. For 
the purposes of tracking complications, each in-
troducer, PAC, and CVC was considered a separate 
catheter. We monitored compliance with proto-
col instructions twice each day: once during a 
morning reference period and again at a randomly 
selected time. A 100 percent audit of all instruc-
tions conducted after the first 82 patients were 
enrolled showed rates of protocol compliance sim-
ilar to those obtained during the random checks 
(data not shown).

All study personnel underwent extensive train-
ing in the conduct of the protocol and the mea-
surement of vascular pressure. They subsequent-
ly explained the study procedures to clinicians in 
the intensive care unit (ICU). Vascular pressures 
were measured in supine patients at end expira-
tion; end expiration was identified with the use of 
an airway-pressure signal, but the vascular pres-
sures used in the protocol were not adjusted for 
airway pressure.43 Four main protocol variables 
were measured at least every four hours. Blood 
pressure and urinary output guided management 
in both groups. Pulmonary-artery–occlusion pres-
sure and the cardiac index were included in the 
protocol in the PAC group, whereas central ve-
nous pressure and clinical assessment of circula-
tory effectiveness (i.e., skin temperature, appear-
ance of the skin, and the rate of capillary refilling) 
were used in the CVC group. Lactate levels, the 
rate of oxygen delivery, and mixed venous and su-
perior vena caval oxygen saturation were not used 
as protocol variables. Prompt reversal of hypoten-
sion, oliguria, and ineffective circulation was the 
overriding goal of the protocol. The treatment of 
patients in shock (defined by a mean systemic arte-
rial pressure of less than 60 mm Hg or the need 
for vasopressors) was left to the judgment of the 
primary physician, with the exception that wean-
ing from vasopressors was conducted according 
to the protocol after the patient’s blood pressure 
had stabilized. Patients who were not in shock 
were prescribed fluids for oliguria and for inef-
fective circulation if central venous pressure or 

pulmonary-artery–occlusion pressure was below 
the target range. Clinicians were free to select iso-
tonic crystalloid, albumin, or blood products, al-
though the protocol dictated the volume of each 
agent administered. Patients with ineffective cir-
culation who were not in shock were given do-
butamine with or without furosemide if their 
central venous pressure or pulmonary-artery–
occlusion pressure exceeded the target range. Pa-
tients without hypotension who had adequate cir-
culation and an intravascular pressure above the 
target range received furosemide. Patients who 
had a mean arterial pressure of at least 60 mm Hg 
without the use of vasopressors, a urinary output 
of at least 0.5 ml per kilogram of body weight 
per hour, and in the CVC group, adequate circu-
lation on the basis of a physical examination or 
in the PAC group, a cardiac index of at least 2.5 
liters per minute per square meter of body-surface 
area, received furosemide or fluids to return their 
intravascular pressure to the target range.

The study was approved by a protocol-review 
committee of the National Institutes of Health, 
National Heart, Lung, and Blood Institute, and the 
institutional review board at each participating 
location. Written consent was obtained from par-
ticipants or legally authorized surrogates. An inde-
pendent data and safety monitoring board con-
ducted interim analyses after 82 patients had been 
enrolled and after each enrollment of approxi-
mately 200 patients. Sequential stopping rules 
for safety and efficacy used the method of O’Brien 
and Fleming.

Statistical Analysis

The study had a statistical power of 90 percent to 
detect a reduction by 10 percentage points in the 
primary end point, death before hospital discharge 
home during the first 60 days after randomiza-
tion, with the planned enrollment of 1000 patients. 
We assumed patients who went home alive and 
without the use of a ventilator before day 60 were 
alive at 60 days. Data on patients who were re-
ceiving ventilation or in a hospital were censored 
on the last day of follow-up. The Kaplan–Meier 
method was used to estimate the mean (±SE) 
60-day mortality rate, at the time of the last death 
occurring before 60 days. Differences in mortal-
ity between the groups were assessed by a z test. 
The primary analysis was conducted according to 
the intention to treat and on the basis of treatment-
group assignment. Differences in continuous vari-
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ables were assessed by analysis of variance. Dif-
ferences in categorical variables were assessed by 
the Mantel–Haenszel test. Differences between con-
tinuous variables over time were assessed by re-
peated-measures analysis of variance. All analy-
ses were stratified according to the fluid-therapy 
assignment. For continuous variables, means ±SE 
are reported. Two-sided P values of 0.05 were con-
sidered to indicate statistical significance. Analy-

sis was conducted with the use of SAS software, 
version 8.2. 

R esult s

Enrollment and Exclusions

Screening for eligible patients was conducted at 
20 North American centers between June 8, 2000, 
and October 3, 2005. The trial was halted on July 
25, 2002, for a review by the Office of Human Re-
search Protection and resumed unchanged except 
for the introduction of a modified consent form 
on July 23, 2003.44-46 Figure 1 shows the most com-
mon reasons for exclusion for the 10,511 patients 
who were screened but not enrolled and the fol-
low-up for the 513 patients who were randomly 
assigned to PAC-guided therapy and the 488 who 
were assigned to CVC-guided therapy. All exclu-
sions are listed in Table 1 of the Supplementary 
Appendix.

Baseline Characteristics

The two groups were similar with respect to de-
mographic characteristics, ICU location, cause of 
lung injury, coexisting illnesses, and measures of 
the severity of illness at baseline (Table 1). Approx-
imately 37 percent of patients in the PAC group 
and 32 percent of patients in the CVC group (P =  
0.06) met the criteria for shock, with 36 percent 
of patients in the PAC group receiving a vasopres-
sor, as compared with 30 percent of patients in 
the CVC group (P = 0.05) (Table 1). Tidal volume, 
PaO

2
:FIO

2
, pH, plateau pressure, oxygenation in-

dex, lung injury score, and hemoglobin levels were 
similar in the two groups. Similar percentages of 
each group were assigned to each fluid-therapy 
strategy (data not shown).

Main Outcomes

The rate of death during the first 60 days after 
randomization was similar in the PAC group and 
the CVC group (27.4 percent and 26.3 percent, 
respectively; P = 0.69; absolute difference, 1.1 per-
cent; 95 percent confidence interval, –4.4 to 6.6 
percent), as were the number of ventilator-free 
days in the first 28 days (13.2±0.5 and 13.5±0.5, 
respectively; P = 0.58) (Fig. 2). CVC recipients had 
more ICU-free days during the first week of the 
study (0.88 day, vs. 0.66 day in the PAC group; 
P = 0.02); however, these differences were small 
and not significant at day 28 (12.5±0.5 vs. 12.0±0.4, 
P = 0.40). The number of days without various 

1001 Underwent randomization

11,511 Patients screened

10,511 Excluded
20.8% Had PAC
15.9% Had physician decline 
13.8% Had chronic lung disease
10.6% Had high risk of death

within 6 mo
9.3% Required dialysis
8.4% Exceeded time window
7.5% Had chronic liver disease
6.4% Had acute MI
5.8% Were unable to obtain 

consent
4.3% Declined to give consent
3.6% Were not committed 

to receiving full support
2.9% Had neuromuscular 

disease 

513 Assigned to PAC
501 Received PAC
12 Did not receive PAC

0 Lost to follow-up

513 Analyzed

488 Assigned to CVC
480 Received CVC

7 Crossed over to PAC 
1 Had unknown status

1 Lost to follow-up
(withdrew consent before study

treatment was received)

487 Analyzed
1 Excluded from analysis

Figure 1. Enrollment and Outcomes.

Patients may have had more than one reason for exclusion. The exclusion 
criteria are listed in Table 1 of the Supplementary Appendix.
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Table 1. Baseline and Postrandomization Characteristics.*

Characteristic
PAC Group
(N = 513)

CVC Group
(N = 487) P Value

Age — yr 49.9±0.7 49.6±0.7 0.81

Female sex — % 46 47 0.89

Primary lung injury — % 0.81

Pneumonia 48 46

Severe sepsis 23 24

Aspiration 15 15

Trauma 8 7

Other 7 8

Medical ICU — % 66 66 0.91

APACHE III score† 94.7±1.4 93.5±1.4 0.55

Coexisting conditions — no./total no. (%)

Diabetes 89/500 (18) 84/467 (18) 0.94

HIV infection or AIDS 30/500 (6) 41/467 (9) 0.10

Cirrhosis 15/500 (3) 18/467 (4) 0.46

Solid tumors 7/500 (1) 8/467 (2) 0.71

Leukemia 14/500 (3) 8/467 (2) 0.27

Lymphoma 7/500 (1) 6/467 (1) 0.88

Immunosuppression 47/500 (9) 31/467 (7) 0.12

Hemodynamic variables

Mean arterial pressure — mm Hg 77.5±0.7 76.8±0.6 0.41

Met shock criteria — % 37 32 0.06

Vasopressor use — % 36 30 0.05

Respiratory variables

Tidal volume — ml/kg of PBW 7.4±0.1 7.4±0.1 0.88

Plateau pressure — cm of water 26.2±0.4 26.2±0.4 0.93

PEEP — cm of water 9.3±0.2 9.7±0.2 0.09

pH 7.36±0.0 7.36±0.0 0.79

PaO2:FIO2 158.9±3.3 151.3±3.1 0.10

Bicarbonate — mmol/liter 22.3±0.2 22.3±0.2 0.93

Oxygenation index‡ 12.8±0.4 13.3±0.5 0.48

Lung injury score§ 2.7±0.0 2.8±0.0 0.05

Intervals — hr

From ICU admission to first instruction 44.4±1.8 40.8±2.5 0.23

From qualification for acute lung injury to first instruction 25.2±0.7 23.0±0.6 0.02

From randomization to first protocol instruction 3.45±0.1 2.15±0.1 <0.001

Prerandomization fluids — ml

24-Hr fluid intake 4919±171 4943±168 0.99

24-Hr fluid output 2233±82 2189±74 0.70

* Plus–minus values are means ±SE. HIV denotes human immunodeficiency virus, AIDS acquired immunodeficiency 
syndrome, PBW predicted body weight, and PEEP positive end-expiratory pressure.

† Scores for the Acute Physiology and Chronic Health Evaluation (APACHE) III can range from 0 to 299, with higher 
scores indicating a higher probability of death.

‡ The oxygenation index was calculated as the (mean airway pressure × FIO2:PaO2) × 100.
§ Scores can range from 0 to 4, with higher scores indicating more severe lung injury.
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types of organ failure did not differ significantly 
between groups (Table 2 of the Supplementary 
Appendix). In the subgroup with shock at study 
entry, there were no significant differences be-
tween groups in the mortality rate or the number 
of organ-failure–free days (Table 3 of the Supple-
mentary Appendix). There was no interaction be-
tween the type of catheter and the type of fluid 
therapy assigned.

Adverse Events

Complications were uncommon and were report-
ed at similar rates in each group: 0.08±0.01 per 
catheter inserted in the PAC group and 0.06±0.01 
per catheter inserted in the CVC group (P = 0.35). 
As compared with the CVC group, the PAC group 
had roughly 50 percent more catheters inserted 
(2.47±0.05 vs. 1.64±0.04, P<0.001) and thus had 
a higher total number of complications, most of 
which were arrhythmias (Table 2). No deaths were 
related to the insertion of a catheter.

Protocol Conduct and Instructions

Patients in both groups had been in the ICU for 
approximately two days before beginning proto-
col-directed therapy (Table 1). The time from the 
documentation of acute lung injury to receipt of 
the first protocol instruction averaged about one 
day but was approximately two hours longer for 
the PAC group than the CVC group. This two-hour 

difference was predominantly related to the lon-
ger time needed to insert the PAC after random-
ization (Table 1). Among patients assigned to re-
ceive PAC-guided therapy, 12 did not receive a 
PAC: 5 had exclusion criteria that were discov-
ered after randomization, 5 withdrew consent, 
1 died before a catheter could be placed, and 1 had 
complete heart block during insertion. All but one 
patient assigned to CVC-directed therapy received 
a CVC, but seven also had a PAC inserted (one on 
day 0, two on day 1, one on day 2, two on day 3, and 
one on day 6).

PAC recipients received more management in-
structions per day than did CVC recipients (4.8±0.1 
vs. 4.4±0.2, P = 0.03). However, the PAC and CVC 
groups received similar proportions of protocol 
instructions for fluid (10±1 percent and 12±1 per-
cent, respectively; P = 0.10) and diuretic adminis-
tration (27±1 percent and 24±1 percent, respec-
tively; P = 0.16). Dobutamine use was uncommon 
in both groups (7 percent in the PAC group and 
2 percent in the CVC group, P<0.001). Instructions 
were followed at similar rates in the PAC and 
CVC groups (91±1 percent and 88±1 percent, re-
spectively; P = 0.12).

Hemodynamics

The distribution of initial pulmonary-artery–occlu-
sion pressures and central venous pressures is 
shown in Figure 3. Among patients in the PAC 
group, 29 percent had a pulmonary-artery–occlu-
sion pressure of more than 18 mm Hg, 8 percent 
had a cardiac index below 2.5 liters per minute 
per square meter, and 3 percent had both values. 
Approximately half of all pulmonary-artery–occlu-
sion pressures that exceeded 18 mm Hg were 
either 19 or 20 mm Hg. Figure 4 shows the mean 
arterial pressure, prevalence of vasopressor use, 
net fluid balance, mean pulmonary-artery–occlu-
sion pressure, central venous pressure, heart rate, 
and cardiac index during the study. The propor-
tion of patients in shock did not differ signifi-
cantly between groups during the study. Among 
patients who were in shock at the time of enroll-
ment, they met criteria for shock in 39 percent 
of reassessments in the PAC group and 40 percent 
of reassessments in the CVC group (P = 0.73). Those 
who were not in shock at enrollment met the cri-
teria for shock in only 6 percent of all reassess-
ments in the PAC group and 7 percent of reas-
sessments in the CVC group (P = 0.42).
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Figure 2. Kaplan–Meier Estimates of the Probability of Survival and of Sur-
vival without the Need for Assisted Ventilation during the First 60 Days 
after Randomization.
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Lung Function

Ventilator settings and lung-function measures 
were similar in the two groups over time, with 
no significant differences in the respiratory rate, 
tidal volume, positive end-expiratory pressure, 
plateau pressure, PaO

2
:FIO

2
, pH, partial pressure 

of arterial carbon dioxide, oxygenation index, or 
lung injury score (Table 4 of the Supplementary 
Appendix).

Metabolic and Renal Function

While the hemodynamic management protocol 
was in use, there were no significant differences 
between groups in electrolyte, albumin, or hemo-
globin levels (data not shown), although a higher 
percentage of patients in the PAC group than in 
the CVC group received erythrocyte transfusions 

Table 2. Catheter-Related Complications.

Complication PAC Group CVC Group

Sheath PAC CVC Total   Sheath CVC Total

number of patients

Technical and mechanical 
complications

Difficult placement 1 8 1 10 0 2 2

Catheter malfunction 0 4 0 4 0 0 0

Pneumothorax 3 2 1 6 0 6 6

Air embolism 1 1 1 3 0 0 0

Arterial puncture 1 0 2 3 0 0 0

Arrhythmia

Atrial 3 15 0 18 0 0 0

Ventricular 4 15 0 19 1 5 6

Conduction defect 1 4 0 5 1 0 1

Bleeding and clotting

Hemothorax 2 1 0 3 1 0 1

Insertion-site bleeding 2 1 3 6 1 2 3

Thromboembolism 0 0 0 0 1 0 1

Local thrombosis 1 1 1 3 0 6 6

Infection

Local 3 2 7 12 1 8 9

Bloodstream* 1 3 1 5 0 3 3

Other 0 2 1 3 0 3 3

Total 23 59 18 100 6 35 41

* Positive blood cultures were believed to be related to the presence of the catheter. Overall, 19 percent of patients in the 
PAC group and 18 percent of patients in the CVC group had one or more positive blood cultures (P = 0.43).

(38 percent vs. 30 percent, P = 0.008). There were 
no significant differences between groups in 
the percentage of patients treated with kidney-
replacement therapy (14 percent in the PAC group 
vs. 11 percent in the CVC group, P = 0.15).

Discussion

Because the PAC provides unique physiological 
information, it has been assumed that the use of 
this catheter would improve survival and decrease 
the duration of assisted ventilation and the rate of 
organ failure among patients with acute lung in-
jury. Eroding this belief are observational and pro-
spective trials indicating that such outcomes are 
not improved and may even be worsened by PAC 
use.19-25 Since the initiation of this study, random-
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ized trials of patients undergoing high-risk sur-
gery,31 patients with the acute respiratory distress 
syndrome and sepsis,32 those with congestive heart 
failure,34 and those with general critical illness33,35 
have reported no benefit from PAC insertion. How-

ever, these studies were limited by the inclusion of 
relatively small numbers of patients and the lack 
of a strictly defined treatment protocol.

Prevention or reversal of organ failure is a 
common justification to insert a PAC, but we 
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Figure 3. Distribution of Pulmonary-Artery–Occlusion Pressure (Panel A) and Central Venous Pressure (Panel B) 
before Receipt of the First Protocol-Mandated Instruction on Fluid Management.

A total of 29 percent of patients had a pulmonary-artery–occlusion pressure that exceeded the traditionally accepted 
threshold of 18 mm Hg, though the majority of these pressures were 19 or 20 mm Hg, and 97 percent of patients with 
an initial pulmonary-artery–occlusion pressure of more than 18 mm Hg had a normal or elevated cardiac index.
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were unable to identify any reduction in the inci-
dence or the duration of any type of organ failure 
or the need for support (e.g., vasopressors, assist-
ed ventilation, or kidney-replacement therapy) by 
using a PAC even in the subgroup of patients 
with shock at study entry. Likewise, PAC-guided 
therapy did not hasten discharge from the ICU; if 

anything, CVC use was associated with more ICU-
free time during the first seven days. However, 
the small differences seen could be artifactual. 
For example, patients with a CVC might be able 
to be transferred from the ICU sooner than pa-
tients with a PAC because CVCs are often al-
lowed on regular medical–surgical floors.
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Figure 4. Mean Arterial Pressure (Panel A), Vasopressor Use (Panel B), Net Fluid Balance (Panel C), Pulmonary-Artery–Occlusion Pressure 
(PAOP) and Central Venous Pressure (CVP) (Panel D), and Heart Rate and Cardiac Index (Panel E) over Time.

Mean (±SE) values are shown for mean arterial pressure obtained closest to 8 a.m. on specified study days in Panel A. Panel C shows 
the mean (±SE) net cumulative fluid balance as the sum of each day’s fluid balance. Day 0 is the day of randomization. For each variable, 
there were no significant differences between groups in baseline (day 0) values or values obtained during the study.
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The initial pulmonary-artery–occlusion pres-
sure was greater than the traditional upper bound-
ary of 18 mm Hg for acute lung injury in 29 per-
cent of the patients. Since the cardiac index was 
normal in the vast majority of these patients (98 
percent), cardiac failure is an unlikely explanation 
for the elevated pressure. On the basis of the re-
sults of protocols with a conservative approach to 
fluid administration and protocols with a liberal 
approach to fluid administration, as explained by 
Wiedemann et al. (available at www.nejm.org),47 
identification of an initially elevated pulmonary-
artery–occlusion pressure did not translate into 
improved clinical outcomes, perhaps because both 
protocols mandated that diuretic therapy be given 
to lower the pulmonary-artery–occlusion pressure 
into a target range. Although uncommon, when 
the cardiac index was below 2.5 liters per minute 
per square meter, the protocol provided instruc-
tions for the administration of dobutamine, an 
inotropic and afterload-reducing agent.

Even though serious catheter-related compli-
cations were uncommon and there were no deaths 
related to insertion, more catheter-related com-
plications occurred among patients given a PAC 
than among those given a CVC. These were pre-
dominantly arrhythmias: roughly half were atri-
al and half ventricular. Conduction block was also 
reported with the use of PACs but not CVCs. This 
observation is qualitatively similar to the increase 
in cardiac complications observed by Polanczyk 
et al. among patients undergoing noncardiac sur-
gery.24 Analysis of catheter-related complications 
is complex. Each catheter inserted in the PAC 
group appeared to carry a risk similar to that of 
a catheter inserted in the CVC group; however, 
almost one and a half times as many catheters 
were inserted in patients in the PAC group, a 
finding partly explained by the insertion of an 
introducer through which the PAC is typically 
passed. Ascertainment bias in arrhythmia report-
ing may also have occurred. Since we prohibited 
patients from having a PAC before entry, all PACs 
and many introducers were inserted under close 
observation during the study. In contrast, many 
CVCs were inserted before randomization; thus, 
arrhythmias occurring during insertion may not 
have been documented.

The strengths of this study include its size; 
randomized, multicenter design with concealed 
allocation; explicit methods; use of objective end 
points; and high rate of clinician compliance. Ex-

tensive pretrial training of study personnel in the 
conduct of the protocol and intravascular-pres-
sure measurement, centralized review of pressure 
tracings, and use of airway-pressure signals to 
facilitate identification of end expiration most 
likely increased levels of accuracy and precision.43 
The use of explicit protocols for hemodynamic 
and ventilator management, rather than usual 
care or general guidelines as in previous studies, 
makes it clear how patients were treated.

Our study had several weaknesses. One com-
mon to all such trials is the inability to mask 
catheter assignment; however, the selection of 
objective end points including death and organ-
failure–free days reduces the impact of this short-
coming. The low rate of crossover to the other 
catheter group and the high rate of compliance 
with the protocol in both groups, as assessed by 
scheduled daily and additional random checks, 
suggest both that absence of blinding had little 
effect on the results and that clinical equipoise 
was maintained after randomization. Owing to 
the small number of patients and the lack of 
stratification, we were unable to exclude poten-
tially beneficial effects of a PAC in subgroups of 
patients. Nevertheless, we saw no hint of improved 
outcomes in the PAC group, with the mortality 
rate nominally lower in the CVC group. Further-
more, because the majority of patients were en-
rolled in medical ICUs, the relevance of our re-
sults to other types of patients is unclear. In 
addition, among others, we excluded patients with 
congestive heart failure, patients with severe ob-
structive and restrictive lung disease, and those 
receiving dialysis, so our study does not provide 
information on the value of the PAC in those 
groups. Finally, it could be argued that despite 
extensive development by experts, iterative pilot 
testing, and high rates of compliance with the 
protocol, the hemodynamic-protocol rules used 
did not optimize the benefits of the PAC as com-
pared with the CVC.

When considered with the results of previous 
randomized trials, our results suggest that the 
PAC is not useful for routine hemodynamic man-
agement in patients with established acute lung 
injury and is associated with more complications 
than the CVC. Our results do not address the 
safety or benefits of the PAC as a diagnostic tool 
or in other conditions, such as early resuscitation 
from septic shock. Similarly, our data do not ad-
dress the safety or efficacy of PACs when they are 
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used with other protocols, in patients who have 
had acute lung injury for more than 48 hours, or 
in those with concomitant diseases who were ex-
cluded from our study.
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