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Air Embolism Associated with Pulmonary Artery Catheter Introducer Kit

D. D. DOBLAR, PH.D., M.D.;* JoHN C. HINKLE, M.S., M.D.;+ MARsSHALL L. Fay, M.D.*
BriaN F. CoNDON, M.D.}

Catheter introducer kits provided with self-sealing or
valved pulmonary artery catheter introducer ports have
become commercially available to reduce the risk of air
entry into the circulation during insertion of the pul-
monary artery catheter and after its removal. There are
also catheter introducer kits which have ports that are
not sell-sealing. The use of a catheter introducer kit
which does not provide the self-sealing introducer port
resulted in two potentially fatal episodes of air embolism
in patients during the postoperative period.

REPORT OF Two CASES

Patient 1. A 53-yecar-old man was admitted for hemiglossectomy for
recurrence of a squamous cell carcinoma of the tongue and floor of the
mouth. His medical history included myocardial infarctions two and
three years preoperatively, a long history of angina pectoris, hyper-
tension, chronic alcohol abuse, and an 80 pack-year history of cigarette
smoking. In the operating room, a radial arterial catheter and a right
internal jugular catheter introducer (Arrow International®, 7-French
Catheter/Sheath Adapter with Side Port, #AK-06800) were inserted
percutancously. A pulmonary artery catheter was inserted through the
catheter introducer and the induction of anesthesia proceeded. Surgery
was uneventful with pulmonary arterial, central venous, and arterial
pressures remaining in the normal ranges throughout the course of the
procedure. The trachea was extubated in the Surgical Intensive Care
Unit. After several hours ol observation, the pulmonary artery catheter
was removed from the catheter introducer by a physician who had not
been present during the insertion of the catheter introducer. The in-
dwelling introducer site was redressed and the side port utilized for
intravenous fluid administration. The patient subsequently was changed
1o the head-clevated position by one of the Intensive Care Unit staff.
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A few minutes after the patient resumed the head-elevated position,
he was noted to be tachypneic, tachycardic, and appeared dusky. Sig-
nificant ECG changes were noted on the monitor in the form of ST-
segment depression and premature ventricular beats. Blood pressure
decreased from 130/75 to 100/60 mmHg within one minute. Aus-
cultation of the heart revealed a “mill-wheel” murmur characteristic
of venous air embolism. While the patient was being placed in the left
lateral decubitus position, the catheter introducer was removed since
it was the likely source of air entry into the circulation, but the exact
location of the leak in the introducer was not immediately apparent.
There was a transient episode of bradycardia which apparently re-
sponded to the change in position. While breathing room air, the pH,
was 7.38, Paco, 45 mmHg, and Pag, 37 mmHg. With an approximate
Fig, of 0.5 to 0.6 delivered by mask, pH, was 7.34, Paco, 43 mmHg,
and Pag, 90 mmHg ten minutes later. The patient recovered with no
lasting complications.

Patient 2. A 64-year-old man was admitted for left profundoplasty
for severe claudication secondary to thrombosis of a previous aorto-
femoral bypass. His medical history was remarkable for myocardial
infarction cight years preoperatively, angina pectoris, hypertension, and
diabetes mellitus. After being transported to the operating room, a
radial arterial catheter and a right internal jugular catheter introducer
(Arrow International®, 7-French Catheter/Sheath Adapter with Side
Port, #AK-06800) were inserted percutaneously. The introducer was
placed to permit the insertion of a pulmonary artery catheter intra-
operatively since the change to a more extensive surgical procedure
was likely. A 16-gauge, tapered, 30-cm central venous catheter which
scals in the pulmonary artery port of the introducer (Argyle®, Intra-
medicut) was inserted through the catheter introducer and the induction
of anesthesia proceeded. The operative procedure was uneventful, the
trachea was extubated, and the patient was taken to the Intensive Care
Unit for observation.

Alter several hours in the Intensive Care Unit, the patient pulled
the central venous catheter out of the catheter introducer. The patient
was noted by the nurse to be disoriented and tachypneic. The only
ECG change noted was an increase in heart rate from 95 to 125 beats/
min. Blood pressure was unchanged. The patient was placed in the
left lateral decubitus position and several ml of air were recovered from
a central venous catheter passed through the introducer. Auscultation
of the heart did not reveal a “mill-wheel” murmur. With an Fig, of
0.4, the pH, was 7.42, Paco, 38 mmHg, and the Pag, 56 mmHg. Six
hours later the pH, was 7.43, Paco, 39 mmHg, and the Pao, 118
mmHg. The patient had no further difficulty related to the air embolus.

DiscussiON

Venous air embolism is a well-recognized complication
of invasive monitoring of the right side of the heart.! In
these cases all the standard precautions were taken to
prevent air embolism but a peculiarity of one of the sev-
eral catheter introducer kits used in our institution re-
sulted in nearly fatal accidents in patients who had
undergone successful anesthetic and surgical procedures.
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F1G. 1. Two views of the Arrow International®, 7-French Catheter/
Sheath Adapter with Side Port, #AK-06800 demonstrating the 7-
French hole which is the site of entry of air in the two cases discussed.
This port for the insertion of a central venous catheter or a pulmonary
arterial catheter is not self-sealing.

The complication in the first case occurred as a result
of a common practice of removing the pulmonary arterial
catheter from the catheter introducer and using the side
arm of the introducer as a central venous access port for
drug administration. The catheter intreducer kit used in
these two cases has no practical provision for self-sealing
of the pulmonary arterial catheter introducer site alter
the removal of the pulmonary arterial catheter and is
easily confused with other types of introducers which
have sell-sealing valves. A 7-French plug is included in
the sterile package which is intended for use as an ob-
turator to prevent air entry if a pulmonary arterial cath-
eter is not inserted into the port. The risk of air entry
is stated clearly in the package insert. However, if a
catheter is inserted, the plug is discarded since no pro-
vision is made for maintaining it sterile. Once the pul-
monary arterial catheter is removed (frequently by per-
sonnel in the Intensive Care Unit not involved with the
choice of the introducer and who have not seen the warn-
ing on the package insert) a hole at least 7-French in
diameter remains (fig. 1). In the first case, this fact was
not known by the physician who removed the pulmonary
artery catheter and replaced the dressing. This physician
confused the introducer with a self-sealing type fre-
quently used in our hospital (Cordis®). By allowing the
patient to sit after the removal of the catheter, air entry
occurred through the hole resulting in a serious post-
operative complication.

The risk of air entry and the safe use of the Arrow®
introducer were discussed with the housestaifl and nurses.
Several days later, despite increased awareness of the
risk, an air embolism occurred in the second patient.
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This time, however, the patient himself removed the
catheter from the introducer port.

Large volumes of air may enter the circulation if the
port is left open. Conahan' has measured the relationship
between pressure gradient and air flow through the 7-
French introducer and clearly demonstrated that a 4-
mmHg gradient is sufficient to produce a fatal air em-
bolism in an adult. With a smaller gradient and slow
infusion Adornato et al.? has demonstrated that a gasp
is evoked resulting in an increase in the pressure gradient
across the catheter which may result in a bolus of air
entry into the circulation, air lock, and death. English
et al.> have shown that the changes in the ECG, arterial
blood gases, blood pressure, the presence of the “mill-
wheel” murmur, and arrhythmia are all late interme-
diate or late changes seen only with 1 to 2 ml/kg of air
entry into the heart suggesting that our first patient prob-
ably entrained 75 to 150 ml of air through the introducer.
The large intrapulmonary shunt, hypoxia, hypotension,
and ECG changes observed in the first case also suggest
a significant volume of air entry. In the second patient,
the increase in intrapulmonary shunt which resolved
after several hours and air recovery from the central
catheter suggests that a significant air leak was present.
The treatment of this complication is well-described by
Alvaran et al?

Because of these unfortunate experiences with this
particular catheter introducer, we encourage the use of
only self-sealing catheter introducers for patients who
are to be attended by several different medical teams and
have warned the medical and nursing staff in other In-
tensive Care areas of the potential danger and easy con-
fusion of the introducers which are self-sealing with those
that require obturators or manual closure of the port.
The problem with the Arrow® #AK-06800 kit may be
short-lived since the manufacturer is developing a new
introducer valve.

There are, however, several other types of catheter
introducers available with valves which fall into three
general categories: 1) not self-sealing, 2) sell-sealing, and
3) adjustable orifice, not self-sealing (Tuohy-Borst®),
Many are available with and without side arm ports.
The Arrow® #AK-06800, Stanco®, Argon® PAC TRAY/
2, Argon® PAC KIT/2, and all introducers without side
arm ports (UMI®, for example) are not self-sealing. The
Cordis® #501-638 Kit, all USCI® introducers with side
ports, Argon® PAC TRAY /1, Argon® PAC KIT/1, and
Argon® PCI KIT/4 have self-sealing valves. The Argon®
PAC TRAY/3 and PAC KIT/3 contain the Tuohy-
Borst® type valve mechanism which must be closed man-
ually after the removal of the catheter.

Because supplies of catheter introducer kits which do
not have self-sealing ports probably exist in many hos-
pitals, and because the pulmonary artery catheter intro-

¥20Z Yoie €} uo 3sanb Aq 4pd ¥ 1000-000¥02861-27S0000/ L LOYOE/LOE/¥/9G/Pd-ajonie/ABojoIsauisauR/WO0D JIBYDIBA|IS ZESE//:dRY WOy papeojumoq



Anesthesiology
V 56, Na 4, Apr 1982

ducer valves are interchangeable on many introducers,
we suggest that users of catheter introducer kits carefully
examine the introducer ports and to use caution with
those that are not self-scaling.
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Use of a Stabilized, Armored Endotracheal Tube in Maxillofacial Surgery

HERMANN L. BECKERS, M.D., D.D.S.*

The use of flexometallic (armored) endotracheal tubes
is well established in anesthesia. Sanders' described the
advantages of the armored tube for anesthesia in patients
with facial deformities, fractures, or wounds. The close
relationship of the surgical field to the endotracheal tube
in maxillofacial surgery presents several problems. Fix-
ation of the tube close to the nasal or oral ostium with
tape may interfere with disinfection of the surgical site.
The disinfecting solutions may loosen the tape. The fiex-
ometallic tube secured by tape maintains tension which
may distort the facial soft tissues. Thereby, judgment of
the facial profile or contours during surgery may be im-
paired. A connector at the end of the tube, usually well
above the oral nasal level, may impair proper access to
the surgical field. Lastly, during orotracheal intubation
the tube may interfere with the evaluation of a planned
occlusion. The inherent flexibility of the tube causes it
inevitably to curve back between upper and lower teeth
when pushed laterally into the vestibulum. A stabilized
armoured tube was devised which may solve some of the
above problems.

The extraoral or extranasal part of the tube can be
molded easily to the facial contour. The lumen is non-
collapsible and maintains its shape even when sharply
bent to an extreme degree, such as around the nasal tip.
Lastly, this tube allows positioning of extending con-
nectors outside the maxillo-facial region.

A commonly used flexometallic tube (Silkolatex by
Riischt) has been lengthened for another 10 cm. Thereby,
the extraoral or extranasal part of the tube reaches the
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F1G. 1. In orotracheal intubation, the increased length of the tube
permits normal tape fixation outside the operating field in the neck-
region. Due to the contour-retaining charateristics of the tube unhin-
dered evaluation of the soft tissue profile is possible.
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