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First introduced in 1970 by HJ Swan and W Ganz, the 
pulmonary artery catheter (PAC) is an important invasive 
diagnostic and hemodynamic monitoring tool widely used 
for patients in cardiac and transplant anaesthesia, or for 
unstable patients in the intensive care unit. Rare acute 
complications such as catheter knotting, arterial perfora-
tion, thrombosis and arrhythmias are well-documented, 
with the lattermost being the most prevalent of compli-
cations [1]. This letter focuses on PAC knotting, which has 
an estimated incidence of 0.03% of all PAC insertions [2]. 
We present a case involving a knotted and entrapped PAC 
during open heart surgery and describe the management 
of this complication. This report also reviews the current 
methodology for the removal of a knotted PAC, both in-
vasive and non-invasive.

A 32 year-old male (who consented to the writing of this 
report) was admitted to our centre with a newly diagnosed 

congenital partial atrioventricular septal defect (AVSD) and 
no known other history of previous cardiovascular disease. 
The patient developed late symptoms of congenital heart 
disease in the form of syncope episodes. On a preoperative 
transthoracic echocardiogram (TTE), he was found to have  
a primum atrial septal defect combined with moderate 
to severe left AV valve regurgitation and moderate right 
AV valve regurgitation. Right ventricular enlargement with 
preserved systolic function, as well as normal left ventri-
cular function were noted. The patient’s only comorbidity 
included mild gastroesophageal reflux disease treated with 
proton pump inhibitors. 

The patient underwent a partial AVSD repair with pri-
mum atrial septal defect closure using autologous pericar-
dium, cleft closure of the left AV valve and two partial left 
AV valve commissurotomies. 

Intraoperatively, standard monitors were applied, in-
cluding a five-lead ECG, non-invasive blood pressure and 
pulse oximeter. An arterial line and a 16G IV line were in-
serted. The patient was then preoxygenated and induced 
with midazolam, fentanyl, propofol and rocuronium bro-
mide. Anaesthesia was maintained with sevoflurane, with 
ranging intraoperative minimum alveolar concentration 
(MAC) levels between 0.7 and 1.0. Entropy, in combination 
with the patient’s clinical appearance, was used as a guide 
for sleep depth. After the placement of a Cordis introduc-
tion sheath (8.5 Fr., Arrow International, Reading, PA, USA) 
into the right internal jugular vein, a pulmonary artery 
catheter (7 Fr. 110 cm, Edwards Lifescience, Irvine CA, USA) 
was inserted through the sheath. The balloon was inflated 
with the standard 1.5 cc of air and the catheter was intro-

wewnętrzny i poufny dla członków FAAAAR, a moja wiedza 
pozostaje powierzchowna i ograniczona.

 Wszyscy natomiast wiemy, jak jest w Polsce — zasad-
niczo odwrotnie. W kwestii anestezjologii i intensywnej 
terapii istnieje kilka ośrodków decyzyjnych, a każdy z nich 
ma raczej inne cele statutowe. Od czasu do czasu PTAiIT, 
Związek Zawodowy Anestezjologów i konsultant krajowy 
jednoczą jednak swe wysiłki — ostatnio w sprawie nowej 
specjalizacji z intensywnej terapii. Jaki będzie efekt ich dzia-
łania tej ważnej sprawie, zobaczymy.

Może warto zastanowić się i podyskutować nad  
niektórymi rozwiązaniami, które dobrze funkcjonują  

w innych krajach, między innymi w Argentynie, zabez-
pieczając od lat status materialny anestezjologów w wa-
runkach prawie permanentnego kryzysu ekonomicznego 
kraju? „Socjalizm medyczny” króluje w ustach polityków 
(populizm) i wymaganiach pacjentów (roszczeniowość), 
lecz na rynku usług medycznych w kraju panuje dziś dziki 
kapitalizm.
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Figure 1. Patient's head on the right side: Cordis sheath at this stage 
removed, knotted PAC stuck at 10 cm at skin level

Figure 2. Chest X-Ray with the knotted PAC in situ

Figure 3. Extraction technique with force and counter force

Figure 4. PAC after extraction

duced to a depth of approximately 50 cm. At this point, the 
pressure curve of the pulmonary artery was identified. The 
balloon was subsequently deflated and the catheter kept 
in position for hemodynamic measurements. During the 
repair of the congenital cardiac lesion, the catheter was 
withdrawn into the superior vena cava (SVC) until central 
venous pressure tracing was confirmed on the distal port 
of the catheter.

The cardiopulmonary bypass (CBP) course was unevent-
ful, while CPB and total cross clamp time were 67 and 45 mi-
nutes, respectively. To obtain hemodynamic measurements 
after successful weaning from the bypass, the anaesthesia 
team attempted refloating the catheter.

After 4−5 attempts with maximal advancement of the 
catheter to a maximum depth of 45−50 cm, the PAC sleeve 
became contaminated with blood (valve failure) and it was 
decided to discontinue monitoring through the PAC. At this 
point, the operation was completed with a hemodynami-
cally stable patient and without any other intraoperative 
complications. 

Upon attempts to remove the catheter postoperatively 
before leaving the operating room, it became lodged at 
16−18 cm (Fig. 1). As the catheter could be advanced into 
the RV again, the assumption was made that it had not 
been tied or sutured to any of the surgical repair sites. To 
confirm this thesis, a TEE exam was performed which could 
not identify the PAC in the cardiac chambers or adherent to 
the SVC. To have further visual confirmation of the position 
and the actual problem, a chest x-ray (CXR) (Fig. 2) was 
performed, showing the position of the catheter in the SVC/ 
/internal jugular vein (IJV) with obvious knotting. In this situ-
ation, a vascular surgeon was consulted. As the diameter of 
the knot on the CXR was not much bigger than the original 
PAC diameter, the decision was made to try and remove the 
catheter without any surgical intervention. With firm and 

continuous pulling force and counter traction on the initial 
puncture site, the catheter was slowly removed (Fig. 2).  
A knot was indeed found at the distal portion of the extrac-
ted catheter about 8 cm from the end (Fig. 3, 4). 
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The further postoperative course remained uneventful 
and the patient was discharged on the 5th postoperative day.

Knotting of pulmonary artery catheters (PACs) occurs 
when catheters are repetitively advanced and/or when they 
are inserted at an excessive length [13]. Warming of the PAC 
by the blood causes the line to soften, further predisposing 
it to curl inside heart chambers. The pulmonary artery is 
typically reached with an insertion of 40−45 cm and the 
wedge position at 45−55 cm. Thus, if the pulmonary artery 
waveform is not observed at 50 cm, PAC looping is highly 
suspect [strongly suspected?? – Please Check] [3]. In cases 
of suspected knotting of a catheter, it is important use any 
form of imaging (Fluoroscopy, CXR and/or TEE). Moreover, 
it is essential to visualize the PAC in order to identify the 
position, distance and form of the knot before any action 
is taken. In cases of a loose knot, a guide wire may be intro-
duced through the lumen of the PAC in order to untie the 
knot before it tightens [4].

In this case, the knot was likely formed during re-ad-
vancement of the catheter after it was retracted to clear the 
surgical field. It is hypothesized that the warm and pliable 
catheter looped around itself to form a knot while inside the 
right ventricle. Subsequent traction on the catheter from at-
tempts at removal tightened the knot. Fortunately, the PAC 
knot diameter was small enough that, with steady traction 
on the proximal portion of the PAC and counter pressure on 
the site of PAC insertion on the right IJV, the knot was extrac-
ted without complications. Fluoroscopy and further surgical 
intervention were not required. Therefore, we concluded, 
that in upper SVC/IJV PAC entrapment, the catheter could 
be removed with a minimally invasive approach.

Coiling and knotting are rare but serious complications 
of pulmonary artery catheter insertions. Despite reported 
incidences of PAC knotting ranging from only 0.2% to 2.5% 
[5], PAC knotting accounts for more than two thirds of all 
incidences of intravascular catheter looping [6]. Pulmonary 
artery catheters are susceptible to intravascular knotting in 
both the intravascular space and around internal cardiac 
structures, with the most common sites being the right 
atrium, the right ventricle and the superior vena cava [5]. 
Procedural factors contributing to PAC coiling include blind 
introduction of the catheter, small diameter and inflexibi-
lity of the catheter, incomplete balloon inflation during 
introduction and multiple flotation attempts. Predisposing 
patient risk factors include dilated right heart chambers, tri-
cuspid valve regurgitation, mechanical valves and abnormal 
venous anatomy [7]. Though the occurrence of PAC knot-
ting is rare, interventions employed in the extraction of the 
knot, both surgical and non-surgical, frequently introduce 
a significant risk of additional complications and increase 
patients’ mortality and morbidity [3]. Problems associated 

with knotted PACs include infection (if left in situ), vessel or 
chamber rupture, thrombosis and arrhythmia. Table 1 sum-
marizes the various types of interventions that have been 
employed to retrieve an intravascular knotted PAC. Major 
surgical intervention (sternotomy) poses the obvious risks 
of prolonged intubation, increased blood loss and increased 
cardiopulmonary bypass pump run time. As such, surgery 
is recommended only for complex PAC knots, such as large 
or multiple looped knots [5]. A less invasive surgical proce-
dure for PAC knot removal is a venous cut-down, used in 
combination with a large bore introducer sheath or a dilator 
fitted over the top of the PAC. The sheath is used to reduce 
the knot size with traction, and as a guide for the knot du-
ring the course of its removal through the venous incision. 
Issues associated with this approach include the potential 
introduction of an air embolus or excessive bleeding via 
the venous incision [11]. Therefore, venous cut-down is 
recommended only for knots that are either too tight or too 
proximal [16]. Small, tightened knots can also be extracted 
via simple traction (as was done in this case) through the 
original insertion site. One concern with this method is 
that it introduces the risk for venous laceration, or catheter 
rupture causing a foreign body embolus [16, 18]. Further-
more, forced removal of a PAC knotted around an internal 
cardiac structure could potentially result in tricuspid valve 
and papillary muscle avulsion or chordae tendinae em-
bolism. The literature suggests interventional radiological 
techniques as the preferred method of PAC knot removal. 
The knotted PAC can be removed heterotopically via the 
saphenous or femoral vein under fluoroscopic guidance 
[19, 20]. A dotter basket or loop snare catheter may also be 
employed to snare the knot and pull it out. However, even 
transfemoral removals of PAC knots pose a risk of venous 
laceration throughout its longer intravascular exit course 
[19], as well as concerns about contamination of the blo-
od stream by the non-sterile proximal end of the catheter 
[16]. The alternative, minimally invasive management of  
a knotted PAC involves the threading of a core-guided wire 
through the lumen of the coiled PAC under fluoroscopy in 
an attempt to straighten the catheter and untie the knot. 
This method proves difficult if the knot has become too 
coiled or tightened [16]. 

In summary, we conclude that PAC knotting is a compli-
cation of PAC monitoring that can potentially lead to dange-
rous outcomes for the patient. To minimize the risk of PAC 
knotting, pressure waveforms should be continually mo-
nitored and repeated while excessive advancement of the 
catheter should be avoided. Failure to detect a pulmonary 
artery waveform at a maximum advancement of 55−60 cm 
suggests catheter coiling. Methods for extracting a formed 
PAC knot warrant further investigation. Based on current 
knowledge, it is advised to use imaging (CXR, fluoroscopy 
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Table 1. Summary of various interventions used to extract knotted pulmonary artery catheters

Reference Presenting illness/procedure Site of insertion Method of PAC knot extraction   

[8] Bronchial carcinoma and con-
comitant chronic bronchitis and 
obstructive emphysema

Right basilic vein Skin incision enlarged and PAC removed

[9] Fracture dislocation of cervical 
spine with respiratory and renal 
failure

Right subclavian vein Billiary stent catheter introduced over PAC and knot was remo-
ved together with the catheter sheath through the venipuncture 
site

[10] Elective coronary revasculari-
zation

Right internal jugular vein Knot was tighted against introducer and extracted together thro-
ugh skin incision, under fluoroscopic guidance

[11] Abdominal aortic aneurysm dis-
section and repair

Right internal jugular vein Transfemoral removal of knot under fluoroscopic guidance

[12] Rheumatic heart disease with 
mitral stenosis and emergency 
MV replacement

Right internal jugular vein Guide wire through PAC lumen with transfemoral biopsy forceps 
manipulation to untie knot. Extracted percutaneously.

[13] CT-guided percutaneous draina-
ge of splenic abscess, developed 
septic shock and respiratory 
failure

Right subclavian vein Tracheostomy dilator inserted over catheter and PAC was remo-
ved along with the dilator

[14] CABG Right internal jugular vein Re-sternotomy after traction attempts caused PA rupture

[6] MV replacement and tricuspid 
annuloplasty

Left subclavian vein Re-sternotomy; removed through SVC purse string incision

[15] Cardiac surgery Right internal jugular vein Untied intraoperatively by surgeons

[16] Total gastrectomy Right internal jugular vein Knot was attached to basket catheter and removed from the 
saphenous vein through an inguinal incision under fluoroscopic 
guidance

[17] Liver resection for cirrhosis and 
liver cancer

Right internal jugular vein Kinked introducer sheath and looped PAC extracted together 
percutaneously under fluoroscopy

[18] Minimally invasive MV recon-
struction for MV regurgitation

Right internal jugular vein Knot was tightened against introducer sheath and extracted 
percutaneously

[4] Worsening heart failure symp-
toms

Right internal jugular vein Small skin cut-down and PAC removal under fluoroscopy

[19] End-stage heart failure with re-
spiratory insufficiency

Right subclavian vein Transfemoral removal under fluoroscopic guidance

[20] Cardiac arrest Right internal jugular vein Tightening of knot unravelled via femoral approach with the aid 
of a J-wire under fluoroscopy guidance

and or TEE) to assess the quality and complexity of the knot 
in order to choose the appropriate intervention. Although 
the traction with counter pressure method is the least in-
vasive, it warrants good accessibility to the initial puncture 
site while conditions such as intracardiac knotting may 
preclude its use. If the knotted catheter can be retracted into 
a proximal position, it may be safe to remove it with gentle 
traction without further invasive methods. The potential 
complications of knot removal must be carefully understood 
and reviewed prior to proceeding with any intervention.
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