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This chapter discusses the complications of invasive hemodynamic monitor-
ing, which are defined here as central venous pressure (CVP), pulmonary artery
(PA), and peripheral arterial catheters. The perspective is that of the anesthesi-
ologist performing these procedures in the operating room or intensive care unit.
Accordingly, chronic venous catheterization, which is usually performed by a
surgeon, is not specifically addressed. Many possible complications may result
from any invasive medical procedure, though they occur rarely. This chapter
emphasizes the most common and most clinically significant problems and some
methods for avoidance and treatment. It is not intended to be an exhaustive
catalogue of every reported complication.

Central access

The first step in placing a CVP or PA catheter is to gain access to the central
circulation. Although femoral or antecubital veins are sometimes used, most
central lines are inserted in the internal jugular (or occasionally the external
jugular) or subclavian veins. Immediate problems that can occur are mainly
pneumothorax, damage to veins, and damage to arteries. A classic monograph on
central venous catheterization by Rosen, Latto, and Ng contains an extensive
review of techniques and complications of central venous access and is highly
recommended [1].

Pneumothorax

Pneumothorax is a particularly troublesome problem in the operating room
because most patients are subjected to positive pressure ventilation and the risk for
tension pneumothorax. Diagnosis of pneumothorax may be delayed because of the
many other common causes of hypotension or hypoxemia during general
anesthesia that may confuse the diagnosis. Placement of a chest tube may be
complicated by the competing logistics of an ongoing surgical procedure.
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The incidence of pneumothorax in larger series of subclavian vein catheter-
ization ranges from 0.3% to 3.0% [1]. The incidence of pneumothorax from
internal jugular catheterization is essentially 0%, except for approaches that start
very low in the neck (just above the clavicle); for this, an incidence of 0.3% is
reported [1]. Not surprisingly, most anesthesiologists choose the internal jugular
approach to the central circulation. When a subclavian approach is used in the
operating room, consideration should be given to an immediate chest radiograph
to verify the absence of pneumothorax. With internal jugular placement, most
anesthesiologists would defer the confirmatory chest radiograph until the patient
is in the recovery room, given the very low incidence of pneumothorax.
However, when the internal jugular vein is approached very low in the neck
(just above the clavicle), pneumothorax is more likely than when the approach is
higher in the neck (at the apex of the triangle formed by the two heads of the
sternocleidomastoid muscle), and care should be taken not to point the needle
toward the apex of the lung during insertion.

Damage to veins

The right internal jugular vein is preferred to the left when possible. The left-
sided approach is more likely to result in injury to the left innominate vein, the
superior vena cava, or the thoracic duct. The left innominate vein crosses the left
internal jugular vein at a right angle, posing the risk for perforation of the
innominate vein, particularly by rigid devices such as a vein dilator or introducer
sheath. A large puncture or tear in a major intrathoracic vein can produce
exsanguinating hemorrhage. The innominate vein and the subclavian vein are
relatively difficult to access surgically if repair is needed. This is a potentially
fatal complication, so avoidance is critical. The first step in avoidance is to use
the right internal jugular vein rather than the left because the right internal jugular
generally enters the superior vena cava in a relatively direct fashion, without the
abrupt bends encountered on the left side. If the left internal jugular vein is used,
care should be taken not to insert anything stiff, such as a vein dilator or an
introducer sheath, beyond the internal jugular vein. A flexible CVP catheter,
placed over a suitable guidewire, should not ordinarily cause a problem. If an
introducer sheath must be placed in the left internal jugular vein, it may be
preferable to use an exceptionally short introducer sheath (readily available from
commercial sources) that will not pass beyond the internal jugular vein. Alter-
natively, a standard length introducer sheath may be passed into the left internal
jugular vein for a few centimeters, leaving the remainder outside the patient; the
short introducer sheath is the more elegant approach because it is more easily
fastened to the skin and is less likely to be dislodged.

The left internal jugular (or left subclavian) approach has yet another potential
problem. The CVP catheter will need to make approximately a 90° turn on
reaching the superior vena cava to lie parallel to the walls of the cava, pointing
toward the right atrium. If the catheter is not advanced far enough to make the 90°
turn, the tip may point into the lateral wall of the cava., which can eventually
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result in erosion and perforation, a potentially lethal complication. This is not
generally a problem with the right internal jugular approach because the catheter
tip tends to enter the vena cava parallel to the wall of the cava.

A problem unique to the left-sided approach is injury to the thoracic duct,
which terminates variably in the left internal jugular vein, the left subclavian vein,
or the left innominate vein. The duct may be perforated in the process of placing a
CVP catheter, and rarely the duct may actually be cannulated. Chylothorax and
chylopericardium may result, and infusion of fluids into the thoracic duct may
produce cardiac tamponade or constrictive pericarditis by retrograde flow into the
pericardial lymphatics [2].

Persistent left superior vena cava is the most common thoracic venous
anomaly. The left superior vena cava is a normal counterpart to the right superior
vena cava, normally disappearing during embryologic development. The persist-
ent left superior vena cava drains into the right atrium through the coronary sinus.
Diagnosis is often made by the characteristic echocardiographic appearance of a
markedly dilated coronary sinus. A PA or CVP catheter placed through the left
internal jugular vein or the left subclavian vein may enter the persistent left
superior vena cava. Although not a complication per se, the chest radiograph of
the CVP or PA catheter in the persistent left superior vena cava will reveal an
unusual appearance [3].

Damage to arteries

Puncture of the carotid or subclavian artery with a small needle is unlikely to
cause a significant problem. Puncture of the carotid artery during internal jugular
catheterization is common and occurs with an incidence of approximately 2% [1].
Because arteries, and occasionally nerves [4] or other structures, can be punctured
inadvertently, common sense suggests that the smallest practical needle size be
used for central venous access. Two commonly used needle and wire combina-
tions are used for central venous access with the Seldinger technique (wire
through needle): a 0.035-inch wire through an 18-gauge thin-wall needle or a
0.025-inch wire through a 20-gauge thin-wall needle. Both function effectively
for central venous catheterization. The 20-gauge needle is substantially smaller
and is preferred by the author when available. When a 0.035-inch wire is used,
the author typically uses a smaller “finder” needle (eg, 25 gauge) to locate the
vessel to avoid multiple sticks with the relatively large 18-gauge needle.

An important caveat for choosing a wire for central venous catheterization is
that the tip of the CVP catheter, or the tip of the vein dilator of an introducer
sheath, should exactly match the wire. A 0.035-inch wire will typically not pass
through a CVP catheter or introducer sheath intended for a 0.025-inch wire. A
0.025-inch wire will pass through a CVP catheter or an introducer sheath
intended for a 0.035-inch wire, but there will be a small gap between the wire
and the tip of the device. Tissue may become jammed in the gap between the wire
and tip of the device and prevent the device from advancing smoothly over the
wire and into the vein.
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Accidental insertion of a large CVP catheter or, worse, a pulmonary artery
catheter introducer sheath into the subclavian or carotid artery is a potentially
serious problem [5,6]. A relatively large hole may result in the artery, or the artery
may be torn, resulting in significant bleeding when the device is removed. There
are two major alternatives for dealing with this situation. The first is simply to
remove the device, apply pressure to the site, and hope for the best. Because
arteries are relatively thick walled, the entry site, if smooth, may seal with little or
no bleeding. Although there are no large series of cases from which to judge the
likelihood that the artery will seal itself, anecdotal reports show that this outcome
is certainly possible. Unfortunately, there is the possibility that instead of sealing
itself, the artery will bleed profusely. This leads to the second alternative, which
is to call a surgeon to remove the catheter from the artery with direct visualization
of the wall of the artery and surgical closure of the arteriotomy. The disadvantage
of this approach is that it requires an operation. An intermediate approach would
be to remove the catheter and apply pressure, with a surgeon available to
intervene should the artery continue to bleed. Consideration should also be given
to the possibility that if the catheter is left in the artery for very long, the artery
may become occluded by clot, which may produce its own set of consequences.
After extraction of the catheter, by whatever method, ultrasound examination of
the artery with color flow Doppler may be advisable to rule out significant flow
disturbance in the artery. Retrograde dissection involving the subclavian and
innominate arteries and the ascending aorta has been reported after accidental
catheterization of the right carotid artery [7].

By far the best strategy is to avoid placing a large venous catheter into an
artery by mistake. Several methods have been used to differentiate a vein from an
artery, including the color of the blood, the force and pulsatility of blood return in
the needle, blood gas analysis, and the pressure waveform. Blood color and force
and pulsatility of blood return, though useful signs, are notoriously unreliable.
Blood gas analysis, particularly comparison with a definite arterial sample, is
reliable but too time consuming to be practical in most settings. Display of the
pressure waveform probably represents the best combination of efficiency and
reliability [8]. In the author’s practice the pressure waveform is displayed
routinely during central venous catheterization by interposing a T-shaped
connector between the needle and the syringe that is connected to a length of
pressure tubing leading to a transducer. After aspirating blood, the pressure
waveform is displayed on the monitor, and the characteristic venous (or
occasionally arterial) waveform is identified by inspection. The T-shaped
connector allows the waveform to be displayed without having to first disconnect
the syringe and connect pressure tubing to the needle, with the attendant risk for
dislodging the needle from the vessel.

Another method for avoiding arterial catheterization is to use ultrasound (eg,
Site-Rite) to identify the vein and artery [9]. This is particularly valuable in dif-
ficult catheterizations when the anatomy is abnormal or is not easily identified. In
the author’s practice, ultrasound is not used routinely but is readily available
whenever catheterization is difficult. Common sense suggests that this approach
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is safer than making large numbers of needle sticks searching for the vein, and it
certainly can reduce the time required for the procedure [10].

Cardiac complications

In 1996 we reviewed 3533 claims in the ASA Closed Claims Project [11]
database and found 48 claims related to central venous catheters or pulmonary
artery catheters (Table 1) [12]. There were 18 fatalities. Only 2 of the 48 claims
were related to pulmonary artery catheters. Injury to arteries (other than the
pulmonary artery) and veins, as discussed above, accounted for 13 of the 48
claims. Catheter or wire embolism accounted for 12 of the 48 claims. Perforation
of the heart with pericardial tamponade accounted for 11 of the 48 claims. Ten of
11 patients with pericardial tamponade died.

Manufacturers’ package inserts often contain explicit and detailed warnings
related to perforation of the heart and pericardial tamponade. The Food and Drug
Administration has also taken an interest [13]. Numerous reports in the literature
reflect the seriousness of this problem [14—20]. The typical scenario that has
been reported involves a CVP catheter with the tip inside the right atrium or
abutting the wall of the superior vena cava at an acute angle. With repeated
motion of the tip against the heart or cava, perforation may occur. Depending on
the location of the perforation, blood or intravenous fluid may then enter the
mediastinum or pericardium. Blood or intravenous fluid in the pericardium may
result in pericardial tamponade. Typically this complication occurs after surgery,
after the catheter has been in place for hours or days, though it may occur
immediately with catheter placement.

Avoidance of injury to the right atrium depends on keeping the CVP catheter
outside the heart. Chest x-rays should be obtained and carefully reviewed as soon
as possible after placement of the catheter. Langston [21] reported that of 300

Table 1
Central Line Complications From the ASA Closed Claims Project Database [11]°
Complication Total Fatalities
Cardiac tamponade 11 10
Wire or catheter embolism 12 0
Vascular injuries (non-pulmonary artery) 13 5
Hemothorax 6 4
Hydrothorax 3 1
Carotid artery injury 3 0
Subclavian a. aneurysm 1 0
Pulmonary artery rupture 2 2
Pneumothorax 7 1
Air embolism 2 2
Fluid extravasation in neck 1 0
Total 48 20

? These data were recently updated. See Bowdle TA [12]. Central line complications from the
ASA Closed Claims Project. American Society of Anesthesiologists Newsletter 1996;60:222 5.



576 T.A. Bowdle / Anesthesiology Clin N Am 20 (2002) 571-588

central lines, subsequent chest x-ray showed that 48% were improperly posi-
tioned. Trigaux et al [22] published an instructive collection of radiographs of
malpositioned catheters. For catheters placed in the operating room, x-rays are
usually obtained postoperatively in the recovery room or the intensive care unit.
The x-ray should show the catheter in the vena cava, outside the cardiac
silhouette. The catheter should be relatively parallel to the walls of the cava,
and the tip should not abut the wall of the cava [23]; the latter is particularly
likely with left-sided access, as described above. Monitoring the pressure
waveform from the CVP catheter may also be useful; the pressure waveform
from the superior vena cava and the right atrium are indistinguishable, but the
waveform from the right ventricle is easily identified. Intravascular electro-
encephalography is a quick and accurate method for locating the tip of the
catheter with respect to the sinus node. Commonly used for positioning a CVP
catheter for air aspiration during sitting craniotomy, intravascular electrocardiog-
raphy is seldom used except during neuroanesthesia.

Catheter, wire, and air embolism

Catheter or wire embolism accounted for 12 of the 48 claims related to central
lines in the ASA Closed Claims Project database in 1996 [12]. These events are
usually caused by withdrawing a wire or a catheter through a needle, resulting in
shearing of the wire or catheter on the bevel of the needle. Because most CVP
catheters are placed over a wire rather than through a needle, shearing a wire is
the most common concern. The standard recommendation is to avoid with-
drawing a wire or a catheter through a needle. If the wire or catheter cannot be
advanced the desired distance because of an obstruction, the needle and wire or
catheter should be withdrawn together. In practice, a skilled operator may choose
to carefully withdraw a wire from a needle if there is absolutely no resistance;
however, there is probably some risk involved in this maneuver.

Air embolism occurs most commonly when a catheter becomes accidentally
disconnected and is open to the atmosphere, particularly when the patient is
sitting up. Air embolism may also occur during insertion or removal of catheters.
Interestingly, the ASA Closed Claims Project database contained 2 fatal cases of
air embolism [9]. One review article discusses an astonishing 28 cases of cerebral
air embolism associated with catheters, including 6 fatalities [24]. Cerebral air
embolism is particularly likely to occur in patients who are sitting up because air
bubbles reaching the systemic circulation, through a cardiac septal defect or an
intrapulmonary shunt, tend to float upward and to enter the carotid arteries. PA
catheter introducer sheaths present a subtle hazard. When a PA catheter is
removed from the sheath, the hemostasis valve, which normally forms a tight
seal around the catheter, may be stretched open and may allow air to enter. There
have been several reports of significant air embolism by this mechanism [25,26].
To prevent air entry into an introducer sheath that does not contain a PA catheter,
the opening in the sheath should be occluded; this usually involves placing a cap
over the opening, which has been designed by the manufacturer for this purpose.
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Infection

Infection from CVP, PA, and arterial catheters continues to be a significant
problem. Issues surrounding the prevention and management of these infections
include methods of skin preparation, antimicrobial coatings on the catheters,
dressings, and suitable intervals and methods for exchanging catheters in patients
who require ongoing access. The 2 major categories of infection are local
infection and bacteremia. Local infection includes inflammation or purulence
at the insertion site or colonization of the catheter tip. Colonization is defined as
greater than 15 colonies growing from a semiquantitative roll-plate culture.
Bacteremic catheter-related infection is diagnosed when clinical or microbiologic
evidence implicates the catheter as the source of bacteremia, isolation of the same
organism from blood cultures and the catheter tip or pus from the insertion site, or
clinical sepsis that does not resolve until the catheter is removed [27,28].

Hampton and Sheretz [29] evaluated the risk for local infection by pooling
data from 25 prospective trials. The risk using peripheral intravenous catheters
was 1.3% per day, using systemic arterial catheters was 1.9% per day, and using
CVP catheters was 3.3% per day. However, the incidence was not linear, and the
rates increased dramatically after 3 days [28]. Pulmonary artery catheters were
found to have a rate of infection of less than 1% until day 4, when the rate
increased exponentially [30].

Saint and Matthay [31] reviewed the literature and made recommendations for
preventing catheter-related infections. They found convincing evidence that
chlorhexidine gluconate is the agent of choice for skin disinfection before
insertion. In randomized prospective trials, chlorhexidine gluconate was signifi-
cantly better than povidone-iodine. Gauze dressings appear to be associated with
lower rates of infection than transparent dressings, but the evidence is conflicting,
and transparent dressings facilitate inspection of the insertion site. Central venous
triple-lumen catheters impregnated with antibacterial agents may have lower rates
of infection and should be considered for patients at high risk for infection. CVP,
PA, and arterial catheters should be changed only when there is evidence of
infection. Although the incidence of infection increases dramatically after 3 days,
routine catheter exchange has been shown in randomized, prospective trials not to
reduce the risk for infection. This applies to catheter exchange over a guidewire
and to catheter replacement at a new site.

Thrombosis

All catheter materials are thrombogenic to varying degrees and can result in
thrombosis of the vessel in which the catheter is inserted. The incidence of
thrombosis with subclavian CVP catheters is reported to be as high as 67%,
whereas the incidence with internal jugular CVP catheters is lower, approxi-
mately 10% [32]. The clinical importance of thrombosis associated with CVP
catheters is not really clear. Although upper extremity venous thrombosis has
generally not been associated with pulmonary thromboembolism, a recent study
[33] suggested that upper extremity venous thrombosis might pose a greater risk



578 T.A. Bowdle / Anesthesiology Clin N Am 20 (2002) 571-588

for pulmonary thromboembolism than previously thought. Fontes and Barash
[32] recently reviewed the problem of venous thrombosis associated with CVP
catheters and suggested that anticoagulant drugs of various types might be
considered to reduce the incidence of thrombosis. PA catheters are also suscep-
tible to thrombus formation. Hoar [34] reported that non-heparin—bonded PA
catheters are associated with thrombus extending from the insertion site to the
right side of the heart and pulmonary artery, with an incidence approaching
100%. Heparin bonding of PA catheters appears to retard the thrombotic process
[35], but little heparin may remain after 24 hours [36]. Incidentally, care should
be taken to avoid placing a heparin-bonded PA catheter in a patient with heparin-
induced thrombocytopenia. Factors affecting thrombus formation on PA catheters
have been reviewed [37].

Pulmonary artery catheters

Unique complications associated with the PA catheter are arrhythmias,
knotting of the PA catheter, pulmonary infarction, and pulmonary artery perfora-
tion. Of these, pulmonary artery perforation is by far the most serious; the
reported fatality rate is approximately 50% [38].

Arrhythmias

Transient atrial and ventricular arrhythmias are expected during placement of a
PA catheter because of the mechanical irritation caused by the catheter. Entry of
the catheter into the right ventricular outflow tract is particularly likely to produce
ventricular ectopy that typically disappears when the catheter enters the pulmo-
nary artery. These transient arrhythmias, though unnerving at times, are usually
harmless. However, sustained ventricular tachycardia or ventricular fibrillation
occurs rarely, especially in patients with ischemic myocardium. Accordingly,
facilities for cardioversion or defibrillation should be immediately available.
Some anesthesiologists administer lidocaine before placement of a PA catheter in
patients at particular risk for ventricular arrhythmias, but the efficacy of this is
unknown. Transient right bundle branch block can occur, presumably from
mechanical effects of the catheter on the conduction system. In the presence of
preexisting left bundle branch block, passage of a PA catheter can produce
transient complete heart block. This is a relatively rare event, but the author has
observed this on one occasion. Before placing a PA catheter in a patient with left
bundle branch block, thought should be given to the availability of a method to
pace the heart in the event of complete heart block. The simplest approach is
usually transcutaneous pacing.

Pulmonary artery perforation

Injury to the pulmonary artery is the most feared complication associated with
the PA catheter. Pulmonary artery perforation appears to occur sporadically, with
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an incidence of less than 1%. In their retrospective study of 6245 patients
receiving PA catheters for cardiac and noncardiac surgery, Shah et al found
pulmonary artery rupture in 4 (0.064%) patients; one of these died from
uncontrolled hemorrhage [39]. Boyd et al [40] reviewed PA catheter placement
in 500 surgical and nonsurgical patients and found one (0.2%) nonfatal case of
pulmonary artery injury. Advanced age and pulmonary hypertension are said to be
risk factors; however, this is of little practical use because these are just the patients
in whom pulmonary artery catheters are frequently useful. Hypothermia causes
stiffening of polyvinylchloride catheters and may make pulmonary artery injury
more likely [37,41]; the practical implication of this would be to avoid manip-
ulation of a PA catheter during hypothermic cardiopulmonary bypass. Balloon
inflation has been associated with arterial rupture in some patients, leading to the
suggestion that the balloon be inflated for measurement of pulmonary artery
wedge pressure only when absolutely necessary. Other than balloon inflation, no
particular operator- or technique-related factors seem to be implicated in pulmo-
nary artery perforation, suggesting that bad luck may override skill level. Of
course, this provides little comfort to those who place these devices.

Consideration of the anatomy and pathology of pulmonary artery injury is
useful for understanding the various clinical presentations. After laceration of the
vessel wall, hemorrhage into the pulmonary parenchyma occurs. Typically, blood
enters the airway and hemoptysis develops. Rupture of the visceral pleura may
result in hemothorax, which may also be accompanied by pneumothorax.
Interestingly, a case of retrograde dissection and rupture of the pulmonary artery
into the contralateral lung has been reported [42]. Pulmonary artery pseudo-
aneurysms may develop as layers of thrombus compress adjacent lung pa-
renchyma [43]. These pseudoaneurysms are unstable and prone to rupture.
Rupture of a pseudoaneurysm may be delayed, with reported cases ranging from
33 hours to 7 months [43]. A high index of suspicion may be required to make
the diagnosis of a pseudoaneurysm after an episode of self-limited hemoptysis in
a patient with a PA catheter. Chest radiographs may contain the only clue to the
presence of a pseudoaneurysm in patients without hemoptysis or other signs of
hemorrhage. Yellin et al [44] recommended that contrast-enhanced computed
tomography or pulmonary angiography be performed in all cases of self-limited
hemoptysis possibly related to a PA catheter [44]. Coil embolization may be the
best treatment of pulmonary artery pseudoaneurysm [45,46].

Urschel and Myerowitz [38] reviewed 30 published cases of pulmonary artery
rupture associated with PA catheters in patients undergoing cardiac surgery. The
right pulmonary artery was injured in 93% of patients. The presenting sign was
airway hemorrhage in 29 of 30 patients. In 19 patients, hemorrhage presented
during weaning from bypass. Overall mortality rate was 41%. The authors
recommended aggressive treatment with surgery or radiologic intervention
because conservative treatment was associated with a high incidence of recurrent,
fatal hemorrhage. A treatment protocol was presented that began with isolation of
the lung by a double lumen tube and bronchoscopy. The pleura were then opened
for evaluation of the injury. Central arterial injury was repaired directly. Extensive
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parenchymal hemorrhage with visceral pleural rupture was treated by lobectomy,
if pulmonary reserve was adequate. Patients with minimal parenchymal hemor-
rhage and intact visceral pleura or with inadequate pulmonary reserve for
lobectomy were treated by continued lung isolation, PEEP, and angiography
with embolization.

Avoidance of pulmonary artery injury probably revolves around placing
pulmonary artery catheters as infrequently as possible, exercising caution not
to float the catheter into a distal position in the pulmonary artery, and minimizing
balloon inflation after the catheter is in place. In the author’s practice of cardiac
anesthesia, the key information gained from the PA catheter is often the
pulmonary artery systolic pressure, diastolic pressure, CVP, and cardiac output.
Pulmonary artery wedge pressure is usually similar to pulmonary artery diastolic
pressure (in patients with high pulmonary vascular resistance, there may be a
large gradient between the pulmonary artery diastolic and the pulmonary artery
wedge pressure). Therefore, we do not always float the catheters into a wedge
position, and we avoid inflating the balloon unless we specifically find the wedge
pressure to be of value in a particular patient.

Rupture of the pulmonary artery usually results in hemoptysis; rarely, rupture
into the pleural space may not produce obvious pulmonary parenchymal
bleeding. A prompt response is necessary to minimize the chance of catastrophe.
Therapeutic measures to be considered include placement of a double lumen tube
to protect the lung opposite the hemorrhage, inflation of the balloon of the PA
catheter to obstruct blood flow to the ruptured artery, and application of positive
end expiratory pressure to tamponade the bleeding site. Definitive therapy may be
surgical, requiring thoracotomy and repair of the bleeding site, or radiologic, with
placement of the various transvascular hemostatic devices available to the
interventional radiologist [47].

Catheter knotting

PA catheters can become knotted around papillary muscle, chordae tendineae,
and pacing leads. PA catheters may also be accidentally ensnared in sutures
during cardiac surgery, particularly at the venous cannulation site. Removal of the
knotted or sutured PA catheter may require interventional radiology or even
surgery in extreme cases. The author does not regard the presence of pacing leads
as necessarily a contraindication to placement of a PA catheter. Permanent pacer
leads are typically firmly attached to the myocardium after they have been in
place for a period of time and are unlikely to be dislodged by a PA catheter.
However, knotting is a rare problem, and occasionally pacer leads may cause
passage of a PA catheter to be technically difficult. Fluoroscopy may be useful in
maneuvering a PA catheter around a pacer lead.

Pulmonary artery catheters and outcome

Clinicians have debated the appropriate indications for the use of PA catheters
for many years. Generally the evidence for the effectiveness of PA catheter
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monitoring is weak and is based on retrospective studies or relatively small
prospective studies that lack randomized controls [47—52]. Accordingly, pro-
posals for strictly limiting the use of PA catheters have existed for at least
2 decades. For example, in the case of coronary artery bypass surgery, Loop [53]
proposed in 1983 that PA catheter use be limited to patients with severely
impaired left ventricular function. Bashein [47] reported in 1985 on a retrospec-
tive analysis of 698 consecutive patients with preserved ventricular function
undergoing coronary artery bypass surgery with CVP monitoring instead of PA
catheter monitoring. Outcomes in these patients did not appear to be adversely
affected by the omission of a PA catheter [43,47]. Tuman et al [52] studied 1094
patients in a prospective but nonrandomized study of coronary artery bypass and
found little difference between outcome with a CVP catheter and outcome with a
PA catheter. These authors all focused on the question of the usefulness of PA
catheters and weighed usefulness against known mechanical complications of PA
catheters and financial cost.

More recently, the discussion has taken an unexpected turn because of studies
suggesting that pulmonary artery catheters somehow result in worse outcomes
for patients, independent of the mechanical complications directly related to PA
catheters [54,55]. The mechanism by which PA catheters would negatively affect
the overall outcome of critically ill patients is unclear. Misinterpretation of data
from PA catheters, resulting in inappropriate therapies, is a hypothetical
possibility. Connors et al [50] reported in 1996 on 5735 patients in an intensive
care unit using a case-matching analysis with adjustment for treatment selection
bias. They found increased mortality and increased use of resources when
patients were monitored with PA catheters [50]. Connors’ article was accom-
panied by a dramatic editorial by Dalen and Bone [52], who called for the FDA
to issue a moratorium on the use of PA catheters until suitable randomized
clinical trials could be carried out to confirm or refute the findings of Connors
et al [54]. Ramsey et al [55] subsequently reported a retrospective analysis of
13,907 patients undergoing coronary artery surgery, with risk adjustment, again
finding an apparently worsened outcomes for patients monitored with PA
catheters [55].

Several major organizations issued consensus statements on pulmonary artery
catheterization in response to the articles by Connors et al [54] and Dalen and
Bone [56], including the Society of Critical Care Medicine [57], the American
College of Cardiology [58], and the National Heart, Lung, and Blood Institute
(NHLBI) with the FDA [59]. These documents are valuable resources for anyone
interested in PA catheter monitoring. They did not support a moratorium on the
use of PA catheters; however, the NHLBI/FDA statement does advocate
prospective, randomized clinical trials to further evaluate the safety and efficacy
of PA catheters. Interestingly, the NHLBI/FDA statement gave ‘““urgent” priority
to the development of a standardized educational program to improve the skill
level of health care providers in using PA catheters. This was in response to
studies showing deficiencies in the performance of physicians and nurses using
PA catheters. A recent report of the failure of an educational program to improve
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the interpretation of pulmonary artery occlusion pressure tracings suggests that
raising the skill level of health care providers may not be easy [60].

Arterial catheterization

Arterial catheterization is the most common form of invasive monitoring, and
it appears to be safe, especially in comparison with CVP and PA catheter
monitoring. However, studies related to vascular insufficiency have appeared
repeatedly in the literature. In general, review of these studies suggests that
vascular insufficiency is a rare complication, at least in patients without
peripheral vascular disease such as Raynaud or thromboangiitis obliterans, which
affect small arteries.

Vascular insufficiency

The most common site of arterial catheterization by anesthesiologists is the
radial artery. Several large series have demonstrated that vascular insufficiency
from radial artery catheterization is extremely rare. The classic paper in this area,
published in 1983 by Slogoff and Keats [61], prospectively documented the
experience with radial artery catheterization in 1699 patients at the Texas Heart
Institute. Despite partial or complete radial artery occlusion after decatheteriza-
tion in more than 25% of patients, there was no ischemia or disability of the hand.
The modified Allen’s test was performed on 411 (24%) patients, and results were
considered abnormal (greater than 15 seconds for return of perfusion) in 16. The
radial artery was cannulated regardless of the results of the Allen’s test, and none
of the 16 had adverse sequelae. Interestingly, the ulnar artery was cannulated in
22 patients after multiple punctures of the ipsilateral radial artery, again with no
adverse sequelae. Slogoff and Keats [61] concluded that radial artery catheter-
ization was safe and that the Allen’s test was not useful. The description of their
clinical experience is instructive:

In our own experience of more than 20 years, ischemia of the hand during or
after radial artery cannulation occurred only in patients who had multiple emboli
or prolonged circulatory failure with high-dose vasopressor therapy, and
ischemia was always present in more than one extremity. . .It is significant that
in no report of tissue necrosis after radial artery cannulation did the area of
necrosis arise from or remain limited to the tissue uniquely dependent on radial
artery blood flow.

Other reports with combined results from several thousand patients support
Slogoff and Keats [62,63]. Interestingly, despite the lack of evidence for adverse
outcomes, debate continues regarding the advisability of performing the Allen’s
test or other tests to characterize ulnar circulation before radial catheterization.
Dr. Edgar V. Allen devised the Allen’s test in 1929 as a method for diagnosing
thromboangiitis obliterans [64,65]. With various modifications, the Allen’s test
has been used subsequently to evaluate the quality of the circulation to the hand
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during temporary occlusion of the radial artery to predict whether vascular
insufficiency will occur if the circulation from the radial artery is permanently
interrupted. Aside from the relevance of this for radial artery catheterization,
surgeons are interested in the blood supply to the hand because of operations
during which the radial artery is surgically interrupted, as in radial artery harvest
for coronary grafting or radial forearm free flaps.

According to Ciria-Llorens and Gomez-Cia [66] there is only one report [67]
of acute ischemia of the hand resulting from elevation of a radial forearm flap.
Based on this and other evidence, they conclude that “vascular morbidity by
reducing the blood supply to the hand is not proven” [66]. They also performed
Doppler ultrasound examination of the distal forearm in patients who underwent
radial forearm flap surgery. Flow in the anterior interosseous artery increased
after surgery, suggesting that the anterior interosseous artery is significant
collateral in the absence of the radial artery [66].

Recently, cardiac surgeons have shown renewed interest in the circulation of
the hand because of the use of radial artery grafts for coronary artery bypass. A
remarkable array of studies have made conflicting claims about the usefulness of
various techniques for assessing the circulation of the hand, including the Allen
test, Doppler ultrasound, pulse oximetry, digit blood pressure, and color-flow
Doppler [68—73]. The authors of these studies have made an implicit assumption
that a test with adequate sensitivity and specificity can predict in which patients
vascular insufficiency of the hand will develop when the radial artery is harvested.
Interestingly, there do not appear to be any outcome studies showing that patients
undergoing radial artery harvest actually experience adverse sequelae because of
the absence of the radial artery. One case report discusses a patient who had acute
ischemia of the hand 2 days after coronary artery bypass with a radial graft [70].
This occurred at the time of onset of atrial fibrillation, and the symptoms and signs
of ischemia improved after the restoration of sinus rhythm. Angiography revealed
congenital absence of the left ulnar artery, with a large interosseous apparently
taking its place. Despite improvement in symptoms and signs, it was elected to
revascularize the radial artery with a venous graft [70]. Parenthetically, this patient
had normal results of a modified Allen’s test before surgery. A discussion ap-
pended to report [73] reveals the disconnection between the tests that are used to
assess circulation and the clinical outcomes. Part of that discussion follows:

Surgeon A: Do we have any notion of what the reported incidence of hand
ischemia is with radial artery removal? Is this a problem that we need to be
concerned about, or is it something that is of minimal consequence?

Surgeon B: Actually, on my literature search, I have found no cases of reported
hand ischemia after radial artery harvesting [the case cited above was probably
published after the literature search was done]...With the experience we have
had with the Allen’s test over the many years of using it, we have shown that
it has significant false-positive and false-negative rates. I think with the in-
creasing use of the radial artery as a conduit, it is just a matter of time before we
see that complication in this population...So it is important to have a more
objective test. . .



584 T.A. Bowdle / Anesthesiology Clin N Am 20 (2002) 571-588

Surgeon C: Our approach has been simplistic and pragmatic; I personally have
done the Allen’s test on 731 patients...Seven hundred patients did have
harvesting of their radial artery based on the Allen’s test, and we did not see
or experience hand ischemia...] am concerned that an excessive number
of your patients were denied radial artery harvest on the basis of your
screening methods.

Despite the apparent safety of radial catheterization, as described above, the
anesthesiologist wanting to hedge bets against rare ischemic or infectious
problems is well advised to catheterize the radial artery of the nondomi-
nant hand.

Little is known about the safety of radial artery catheterization in patients with
peripheral vascular disease, such as Raynaud’s or thromboangiitis obliterans,
involving the small arteries of the hand. Because these patients may be at greater
risk for ischemic complications of radial catheterization, avoidance of arterial
catheterization or use of a large artery such as the femoral artery should be
considered.

Femoral and brachial arterial lines

Femoral and brachial arterial catheterization are also performed commonly by
anesthesiologists. Available evidence suggests that both these routes have a
degree of safety similar to radial artery catheterization. Cannulating these larger
arteries has a specific advantage for patients undergoing cardiopulmonary bypass
because they tend to give more accurate blood pressure measurement after
bypass, whereas radial artery catheters, for unknown reasons (often presumed
to be vasospasm), frequently are damped and give falsely low blood pressure
values [74,75]. Some anesthesiologists believe that brachial catheterization is
more likely to produce ischemia than radial catheterization, apparently because of
the notion that the collateral circulation at the elbow is poor. However, available
evidence does not support this viewpoint. Barnes et al [76] reported that at the
University of lowa, “all patients undergoing open heart surgery [they specifically
comment on more than 1000 cases] are monitored during and after operation with
brachial arterial percutaneous cannulas. . .Clinically there has been no significant
complication as a result of such catheterizations. . .”” Frezza and Mezghebe [58]
reported on 2119 patients in the ICU with arterial lines. Radial catheterization
was most common, followed closely by femoral catheterization, with brachial
catheterization accounting for approximately 2%. They found no cases of
permanent ischemic injury and an infection rate of less than 1% that did not
differ by site of catheterization.

Radial artery pseudoaneurysm

At least 16 cases of pseudoaneurysm formation at the site of an infected radial
artery catheter have been reported. These pseudoaneurysms may rupture, so
surgical repair is recommended. The most common operation appears to be
ligation of the radial artery [77].
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Summary

Invasive monitoring in anesthesiology is relatively safe. Arterial catheter-
ization in particular has an extremely low rate of serious complications. Radial,
brachial, and femoral artery catheterization sites appear to have similar and low
complication rates. CVP and PA catheters are more dangerous and entail
potentially fatal complications. The most troublesome complication with CVP
catheters is perforation of the heart or cava, which should be avoidable under
most circumstances if care is taken to position the catheter properly, outside the
heart. Chest radiography should be used to specifically ascertain that the catheter
is not in a dangerous location. The most troublesome complication with PA
catheters is perforation of the pulmonary artery. This is probably a sporadic
problem, and it is not necessarily avoidable by adherence to particular techniques.
It should be assumed that hemoptysis in a patient with a PA catheter is caused by
perforation of the pulmonary artery until proven otherwise, and it should be
treated aggressively.
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