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ABSTRACT

2. UTILITY OF THE PAC

The PAC has enabled major advances in understanding cardiac hemodynamics and pathophysiology. However its clinical utility is limited by data interpretation
and serious complications. Echocardiography provides a useful alternative for hemodynamic assessment
as well as identification of important concomitant findings. The combination of echocardiography with insertion of a central venous pressure catheter may be the
optimal combination for hemodynamic monitoring.

With the PAC, pressures in the right atrium, right ventricle and pulmonary artery could be measured directly.
With blood sampling for oxygen saturation, the cardiac
output can be calculated using Fick’s formula as well as
the location and fraction of right to left shunts. With the
inflation of the pulmonary catheter balloon, pressure of
pulmonary microvasculature may be measured—an approximation of the left atrial pressure and left ventricular
end diastolic pressure (LVEDP). The cardiac output is
estimated by injection of cold saline from the proximal
port and temperature measurement at the distal port.
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1. INTRODUCTION
The pulmonary artery catheter (PAC) was developed to
measure pressures, blood flow and oxygen saturation in
the right heart. Although it is an important diagnostic
tool in a wide variety of respiratory and circulatory conditions, it has serious limitations and its clinical utility
remains unproven.
The feasibility of PAC use was first shown by Dr.
Warner Forssman in 1929, when he threaded a catheter
into his own heart [1], for which he shared the 1956 Nobel Prize along with Drs. Richards and Cournand. Bedside use was facilitated by the addition of a flow directed
balloon to the catheter by Dr. Swan, and a thermistor tip
by Dr. Ganz which enabled measurement of cardiac
output [2]. Many classical studies were enabled by the
use of the PAC such as the Forrester classification of
acute heart failure to improve assessment of the risk of
mortality in myocardial infarction [3,4], as well as the
identification of complications of myocardial infarction
such as acute mitral incompetence and ventricular septal
rupture. The utility of pharmacological interventions as
in the effect of furosemide [5] and nesiritide in pulmonary edema [6] as well as the efficacy of nitroprusside in
acute mitral regurgitation [7] were enabled by the PAC.
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3. PITFALLS AND PROBLEMS OF THE
PAC
However, there are important exceptions and limitations
to this approximation. Accurate measurement of pressures may be exceedingly difficult due to respiratory
excursion. Placement of the PAC in the upper lung fields,
in which the alveolar pressure is greater than the capillary blood pressure, may cause an overestimation of the
pulmonary capillary pressure by the pulmonary arterial
occlusion pressure (PAOP). Veno-occlusive and mitral
valve disease will create a pressure gradient between the
capillaries and the left atrium, or between the left atrium
and ventricle respectively. The relationship between the
PAOP and the left ventricular end diastolic pressure is
non-linear, the PAOP does not follow the late pressure
rise due to atrial contraction. Furthermore, the left ventricular compliance can change rapidly and pericardial
pressures will influence the LVEDP but not the PCWP.
Thus, use of the PAOP to estimate preload responsiveness at any given time has serious limitations. Accuracy
of the measurement of the cardiac output may be flawed
due to tricuspid regurgitation or inaccuracy of the volume injected.
The list of possible complications caused by PAC insertion is extensive. Hemorrhage, pneumothorax, damage to valves, arrhythmias, conduction disturbances, perforation of the right ventricle or pulmonary artery, all
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may be life threatening. The indwelling catheter may become infected and cause sepsis or endocarditis. The catheter can obstruct a pulmonary artery and cause a pulmonary infarction [8].

4. EVIDENCE-BASED MEDICINE AND
THE PAC
It is thus not surprising that large randomized trials have
not shown a clinical benefit with use of the PAC. The
Canadian Critical Care group randomized 1994 high risk
surgical patients to use of PACs, and there was no difference in mortality realized between the two groups [9].
In a French study 686 patients with adult respiratory distress syndrome or shock were randomized to use or nonuse of PACs and there was no reduction in mortality,
length of hospital stay and freedom from organ failure
between the groups [10]. The PAC has not been useful in
other critically ill patients. The English Pac-Man trial
randomized 1014 patients with multi organ failure to use
or non-use of PACs with no difference demonstrated in
mortality or length of hospital stay [11]. In the FACTT
trial 1000 patients with ARDS were randomized to use of
PACs. Fluid resuscitation was dictated by protocol.
There were more complications with PACs without any
survival benefit [12]. In the ESCAPE trial 415 patients
with severe heart failure were randomized to use of
PAC-guided treatment. There was no difference in survival or length of hospitalization with PACs. The PACs
were associated with 21% adverse event and 12% infection rate [13]. Use of PACS has not been proven to improve any patient subset (Table 1).

5. ECHOCARDIOGRAPHY—THE
ALTERNATIVE FOR HEMODYNAMIC
MEASUREMENTS
Fortunately, a better alternative to PAC use is readily
available. Echocardiography can provide the hemodynamic measurements non-invasively. Right sided pressures may be estimated by use of inferior vena cava size,
tricuspid valve and pulmonic valve gradients. The aortic
flow integral approximates the cardiac output [14]. The
LVEDP may be assessed via tissue Doppler measurement of the E/E’ ratio [15] or by measurement of the
velocity of the jet of aortic or pulmonary regurgitation.
Critical concomitant findings may be noted during
hemodynamic assessment including cardiac tamponade,
pulmonary embolism or valvular pathology [16].
Even in the hands of the less experienced, echocardiography remains a useful tool. In one study, ICU residents were given a short 8 hour course limited to interpretation of LV size and function, RV dilation, pericardial effusion, and pleural effusion. The residents were
then able to evaluate 93% of 366 clinical questions with
Copyright © 2012 SciRes.

Table 1. Relative advantages and disadvantages of methods for
hemodynamic monitoring.
Pulmonary artery catheter

Echocardiography

Advantages:

Advantages:

Continuous real time measurement

Non-invasive

Disadvantages:

Disadvantages:

Inaccuracies in measurements
(i.e. catheter placement in upper
lung fields, venous occlusive
disease, tricuspid regurgitation)
Complications of insertion
(i.e. pneumothorax, hemothorax,
arrhythmias)
Complications of continued use
(i.e. sepsis, pulmonary infarction)

Requires multiple studies
Inaccurate in measurement
of central venous pressure

close agreement with the interpretation of expert operators [17]. In a similar study, intensivists were given a ten
hour course in echo after which they performed handheld bedside examinations. Their interpretations correlated well with those of experienced echocardiographers
in 84% of the examinations and led to treatment adjustments in 37% of the subjects [18]. Echocardiography can
be widely used.
The one pitfall of echocardiographic hemodynamic
assessment lies in the estimation of right atrial pressure.
The size and compressibility of the inferior vena cava
has been suggested however this may be hard to quantify,
and is inaccurate in mechanically ventilated patients [19].
We suggest a hybrid approach, in which a central venous
pressure catheter could be used to provide the right atrial
pressure supplementing the echocardiographic study.
This approach may avoid many of the serious complications of manipulation of the PAC through the right heart,
while allowing accurate right atrial pressure measurement. Furthermore, this enables central venous blood saturation sampling, which may give complementary data
regarding hemodynamic status.
In conclusion, the PAC has enabled major advances in
understanding cardiac hemodynamics and pathophysiology. However its clinical utility is limited by data interpretation and serious complications. Echocardiography
provides a useful and safe alternative for hemodynamic
assessment which can also identify important concomitant findings. The addition of a central venous catheter
will increase the accuracy of the echocardiographic study
while avoiding many of the complications of PACs.
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