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Nonsurgical Removal of Knotted Pulmonary Artery Catheter

Mark M. Smith?, David W. Barbara®®, Laurence C. Torsher?, Christopher J. Jankowski®

Abstract

Though controversy exists regarding the utility of pulmonary artery
catheters (PAC), their use persists in select patients. Knotting of
these catheters upon insertion is a rare but serious complication.
We present 2 cases of coagulopathic patients undergoing orthotopic
liver transplantation complicated by PAC knotting on attempted
line placement. Both knotted PAC were successfully removed non-
surgically in the operating room, allowing for timely continuation
of the planned transplantations. It is essential for the clinician to
recognize knotted PAC and understand strategies for safe removal.
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Introduction

Clinical use of pulmonary artery catheters (PAC) dates to the
early 1970’s [1]. Due to controversy regarding the utility of
PAC, widespread use has declined in recent years [2, 3]. PAC
use however can still be found in select patients, including
those undergoing orthotopic liver transplantation [4]. Clini-
cians utilizing PAC must recognize potential complications
and understand treatment options. We present 2 patients who
underwent orthotopic liver transplantation (OLT) compli-
cated by PAC knotting.
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Case Report

Two males, ages 41 and 63 years, presented for combined
liver and kidney transplant and OLT, respectively. Both
patients had abnormal preoperative coagulation laboratory
studies (Table 1). Anesthesia was induced and intubation
performed uneventfully in both cases.

In each patient, a 9 French double lumen central venous
introducer was placed in the right internal jugular vein uti-
lizing dynamic ultrasound guidance with good visualization
of anatomy. Multiple attempts at placement of an 8 French
oximetric pulmonary artery catheter were unsuccessful.
Upon attempted removal of the PAC, resistance was met at
roughly 25 c¢cm in each case. Intraoperative fluoroscopy was
performed, revealing a knot in the distal PAC (Fig. 1). Re-
peated attempts to unravel the catheter by passing a pacing
wire down the distal port of the PAC were unsuccessful. Giv-
en the projected delay for interventional radiology assistance
that would have resulted in increasing donor organ ischemic
time, percutaneous removal was performed in both cases.

Under fluoroscopic guidance, traction was applied to the
PAC and the knot size was reduced against the introducer. A
guide wire was passed down the distal lumen of the intro-
ducer, exiting the same lumen as the PAC, thereby bypassing
the knot. Next, the introducer and PAC were removed with
traction en bloc (Fig. 2) with the guidewire left in the IJV.
A new introducer was placed over the guidewire and a new
PAC inserted without complication on the first attempt. Lo-
cation of the new introducer and PAC were fluoroscopically
confirmed. Both patients then underwent transplantation
without complications and experienced uneventful postop-
erative courses.

Discussion

Complications related to PAC use have been reported in up
to 24% of cases; however, PAC knot formation is exceed-
ingly rare [5]. Of the intravascular catheters used today, PAC
account for 64-67% of knotted devices [6]. Although signifi-
cant controversy exists regarding use of PAC in surgical and
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Table 1. Preoperative Laboratory Testing
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Figure 1. Fluoroscopy demonstrating knotted pulmonary ar-
tery catheter (PAC). The introducer sheath abuts the loose
knot prior to applying traction to the PAC to reduce the knot
size against the introducer.

nonsurgical patients, it is important for the clinician to un-
derstand their potential complications.

Knotting of PAC is thought to occur when passage into
the pulmonary artery is unsuccessful and looping occurs
within the right ventricle [7]. This looping over of the PAC
may be due to insertion of an excessive length of the PAC [7].
Inability to obtain a wedge pressure should prompt retraction
to 30 cm and reattempt flotation into the pulmonary artery
[7]. After multiple unsuccessful attempts, providers will of-
ten completely retract and reinsert the PAC. If resistance to
retraction is encountered, there should be a concern for knot-
ting of the catheter, or entanglement around cardiac chordae
or valves. The distance at which resistance is encountered
may help differentiate between these complications, with the
former occurring when resistance is met at lesser distances
of PAC insertion, as encountered in our cases. Fluoroscopic

Figure 2. Knotted pulmonary artery catheter (PAC) after re-
moval. The knotted PAC was removed by applying traction
to the PAC, thereby reducing the knot size against the intro-
ducer. The PAC and introducer were then removed en bloc.
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evaluation can also assist with diagnosis and PAC knot loca-
tion as noted in our cases.

Several strategies for both surgical and nonsurgical
knotted PAC removal have been described [6-9]. Insertion
of a core-guided wire through the PAC under fluoroscopy
is often a first step in attempt to unravel the knotted catheter
[6-10]. Utilization of a pacer wire is another option and was
unsuccessfully employed in both of our cases. Unsuccessful
attempts at un-knotting the catheter prompt consideration of
alternative removal techniques. One technique involves ligat-
ing the PAC and replacing the initial introducer with a larger
introducer over the ligated PAC. With this technique the knot
is contained within the lumen of the larger introducer, after
which both the knotted catheter and introducer are removed
simultaneously [6, 8]. Assistance of interventional radiology
may be utilized, but may be difficult to arrange in a timely
fashion, especially given the after-hours nature of many liver
transplantations. Interventional radiology techniques include
the use of a retrieval basket, pigtail catheter, loop snare, or
endomyocardial biopsy forceps inserted through an alternate
venous access site to secure and remove the knotted catheter
which is ligated and pulled through the introducer [6-9]. The
retrieval device is then retracted and a small skin incision
is made to remove the knotted catheter, or, for larger knots,
a venous cutdown is performed [6-9]. Primary surgical re-
moval performing a cutdown and venotomy at the initial
insertion site has also been described [7-9]. For large and
complex knots, surgical removal is often the only option and
is performed via cutdown or open procedures, occasionally
requiring cardiopulmonary bypass [6-9, 11].

Patients undergoing orthotopic liver transplantation
(OLT) present additional challenges such as coagulopa-
thy and significant time constraints, making traditional and
potentially more time-consuming knotted PAC removal
techniques less ideal. The after-hours timing of both liver
transplantations coupled with the need to reduce donor or-
gan ischemic time limited available options compared with
elective surgical patients. The percutaneous technique used
in our case report carries a theoretical risk of complica-
tions such as venous laceration and uncontrolled bleeding
upon removal of the knotted catheter [7-9]. We decided this
risk was mitigated by the ability to insert a new introducer
through the original puncture site into the internal jugular
vein by maintaining patency with a guidewire. Intraoperative
fluoroscopy demonstrated the knot diameter after retraction
against the introducer was not significantly larger than that
of the introducer diameter.
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In conclusion, PAC knot formation is a rare, yet poten-
tially serious, complication. Clinicians caring for patients
with such devices must be able to recognize this complica-
tion and tailor treatment strategies to each individual patient.
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