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Abstract 

Background Placement of pulmonary artery catheters may be associated with a variety of complications. We pre-
sent a case where a pulmonary artery catheter was accidentally advanced into the left ventricle by perforating the 
intraventricular septum.

Case presentation A 73-year-old woman underwent mitral valve dysfunction. A pulmonary artery catheter could 
not pass the tricuspid valve under general anesthesia, which was manually advanced via the right ventricle dur-
ing surgery. After valve replacement, systolic pulmonary artery pressure was higher than radial arterial blood pres-
sure. Transesophageal echocardiography (TEE) revealed the tip of the catheter in the left ventricle. The catheter was 
withdrawn and then advanced to the pulmonary artery under monitoring of TEE. Transseptal shunt flow gradually 
decreased and finally disappeared. The surgery was completed without additional procedures.

Conclusions Although ventricular septal perforation is rare, it should be recognized as a potential complication of 
pulmonary artery catheter insertion.
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Background
Pulmonary artery catheters (PACs) are used to con-
tinuously monitor cardiac output, mixed venous oxygen 
saturation, and multisite right heart pressure. Although 
several studies have shown no benefit of the use of a PAC 
on mortality and morbidity in patients undergoing car-
diac surgery [1, 2], it has been used in selected patients 
and centers [3, 4].

There are several complications associated with the 
use of PACs, with pulmonary artery perforation being 
one of the most serious [5]. Puncture-related complica-
tions, such as pneumothorax, arterial injury, and arrhyth-
mia, may also occur during PAC insertion. In addition to 
these well-known complications, some investigators have 

reported rare but life-threatening complications, includ-
ing right ventricle (RV) perforation [6–8], in which the 
tip of the PAC may perforate the free wall of the RV. This 
RV perforation may be detected by cardiac tamponade 
or direct observation of the PAC protruding from the RV 
during surgery [6–8].

In this report, we describe a case with malposition of 
a PAC in the left ventricle (LV). Malposition of a PAC in 
the LV may not cause hemodynamic change and may not 
be directly observed. Using transesophageal echocardi-
ography (TEE) images and pressure waveforms, we diag-
nosed the malposition of the PAC. We also discuss the 
management strategy for this rare complication.

Case presentation
A 73-year-old woman (height 146 cm, body weight 32 kg) 
with a history of hyperlipidemia and asymptomatic cer-
ebral infarction was referred to our hospital for conges-
tive heart failure due to mitral regurgitation (MR) and 
tricuspid regurgitation. She underwent mitral valvulo-
plasty with artificial tendon cords and annuloplasty and 
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tricuspid annuloplasty through a small right thoracot-
omy. MR recurrence due to a rupture of the artificial ten-
don cord was noted 2 days after surgery, and mitral valve 
replacement with a median sternotomy and extracorpor-
eal circulation was scheduled.

The patient was preoperatively medicated with carve-
dilol, tolvaptan, azosemide, atorvastatin, and perindo-
pril. Preoperative transthoracic echocardiography (TTE) 
showed severe MR with a ruptured artificial tendon of 
the posterior papillary muscle of the mitral valve. Blood 
tests revealed anemia (hemoglobin 8.8 g/dL), and 12-lead 
electrocardiogram indicated monofocal supraventricular 
paroxysmal contraction, LV hypertrophy, and left atrial 
overload.

After the induction of anesthesia with midazolam, 
fentanyl, remifentanil, and rocuronium, we intubated 
the patient’s trachea and inserted a TEE transducer. We 
placed a 9-Fr sheath via the right internal jugular vein 
under ultrasound guidance and attempted PAC insertion 
under TEE guidance. However, the PAC could not pass 
the tricuspid valve, possibly because of the narrow tri-
cuspid area after the annuloplasty. We therefore decided 
to start surgery with the PAC tip remaining in the right 
atrium (RA) and asked the surgeon to reposition it intra-
operatively into the RV.

After the mitral valve was replaced (with a 27-mm 
tricuspid bioprosthetic valve), the surgeon manually 
advanced the PAC from the RA into the RV. At this time, 
the balloon at the tip of the PAC remained deflated. After 
closure of the RA, we initiated pulmonary artery pressure 
(PAP) monitoring, which showed higher systolic blood 
pressure and lower diastolic blood pressure than arte-
rial blood pressure (ABP) at the left radial artery (Fig. 1). 
The transgastric short-axis view of the TEE showed an 
inflated balloon at the tip of the PAC in the LV, indicating 
that the PAC had perforated the ventricular septum and 
migrated from the RV to the LV (Fig. 2).

After discussion with the surgeon, the PAC balloon 
was first deflated, and the tip of the PAC was pulled out 

into the RV without much resistance. The PAC was then 
advanced to the right pulmonary artery under TEE guid-
ance. At that time, the PAP value was 38/8 (18) mmHg 
[systolic/diastolic (mean)], indicating within the normal 
range. Using TEE, we evaluated the shunt blood flow 
through the ventricular septum. Initially, we observed a 
colored flow through the ventricular septum, but it grad-
ually decreased and finally disappeared (Fig. 3). We per-
formed blood gas analysis to confirm no oxygen step-up 
between the right and left hearts. The partial pressures 
of oxygen were 49.9  mmHg and 47.4  mmHg at the RA 
and pulmonary artery, respectively. We concluded that 
there was no significant residual ventricular septal shunt; 
therefore, cardiopulmonary bypass (CPB) was weaned, 
the patient’s chest was closed, and the operation was ter-
minated. The duration of CPB and surgery was 169 min 
and 301 min, respectively.

The patient was admitted to the intensive care unit 
(ICU) under sedation and positive-pressure ventilation. 
After we confirmed there was no postoperative bleeding 
or circulatory problems, the patient’s trachea was extu-
bated on the same night. On the first postoperative day, 
the PAC was removed after we reconfirmed that there 
was no oxygen step-up (37.3 mmHg and 35.2 mmHg at 
the RA and pulmonary artery, respectively). One week 
after surgery, postoperative TTE showed no residual 
shunt at the ventricular septum. The patient was dis-
charged from the ICU on postoperative day 2 and 
transferred to another hospital for rehabilitation on post-
operative day 13.

Discussion
We experienced a case in which a PAC was advanced 
directly into the RV, perforated the ventricular septum, 
and migrated into the LV. Continuous TEE observa-
tion of the ventricular septum and assessment of oxygen 
step-up using simultaneous blood gas measurements in 
the RA and pulmonary artery allowed us to complete 

Fig. 1 Pressure waveforms at the left radial artery and the tip of the pulmonary artery catheter. The systolic PAP (approximately 100 mmHg) 
was higher than that of ABP (approximately 80 mmHg). The diastolic PAP (approximately 10 mmHg) was lower than that of ABP (approximately 
40 mmHg). ABP, arterial blood pressure; PAP, pulmonary artery pressure
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Fig. 2 Transesophageal echocardiography images of pulmonary artery catheter malposition in the left ventricle. Biplane images were obtained 
using the transgastric approach. The left and right images are a short-axis view and a two-chamber view of the left ventricle, respectively. The 
pulmonary artery catheter balloon (white arrows) was inflated with air, allowing observation of the high-intensity reflection and the acoustic 
shadow behind it

Fig. 3 Colored flow Doppler image of the ventricular septal flow immediately after withdrawing the migrated catheter. The transgastric left 
ventricular short-axis view shows an accelerated blood flow (white arrow) in the 7- to 9-o’clock direction of the left ventricle wall
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the procedure without the need for additional surgical 
intervention.

In our case, TEE revealed the malposition of the PAC 
in the LV and perforation of the ventricular septum. 
Because the ventricular septal wall is thicker than the free 
wall of the RV, the incidence of ventricular septal perfo-
ration may be extremely low. To our knowledge, there 
has been only one previous report of ventricular septal 
perforation by a PAC [9], where a PAC penetrating the 
LV-free wall was detected via direct vision after pericar-
diotomy. The perforated LV wall was then repaired with 
a suture. Contrary to the case reported by Benito-Saz 
et al., a PAC that remains in the LV, as in our case, can-
not be directly visualized, making early detection diffi-
cult and resulting in subsequent free wall rupture of the 
LV. Because TEE provides the ability to visualize the tip 
of the PAC, it may play a critical role in the detection of 
PAC malpositioning.

Based on the absence of ventricular septal shunt flow 
on TEE and the step-up in the partial pressure of oxygen 
between the RA and the pulmonary artery, we deter-
mined that there was no significant residual shunt. In 
addition to the case report by Benito-Saz et al., there have 
been several reports of RV pacemaker leads perforating 
the ventricular septum and LV-free wall [10, 11]. In these 
previously reported cases, the LV perforation was surgi-
cally repaired, but the ventricular septum was not. In our 
case, we also did not perform any surgical intervention 
on the ventricular septum based on TEE observations 
and blood gas analysis. In cases of inadvertent ventricu-
lar septal perforation, TEE and partial pressure of oxygen 
monitoring can help confirm the absence of a residual 
shunt.

When the insertion of the PAC into the RV fails, as 
in our case, anesthesiologists may ask the surgeon to 
advance the PAC through the tricuspid valve during sur-
gery. In our case, the balloon of the PAC advanced into 
the RV was deflated, which might have predisposed to 
ventricular septal perforation. When advancing the PAC 
into the pulmonary artery in cooperation with the sur-
geon, inflating the balloon and palpating the pulmonary 
artery may help avoid perforation of the ventricular sep-
tum. It is also definitely crucial to observe the PAC con-
currently with TEE.

In summary, we report a case in which a PAC was 
advanced directly into the surgical field and perforated 
the ventricular septum from the RV to the LV. Although 
the incidence of ventricular septal perforation is rare, it 
should be considered a possible complication of PAC use.

Abbreviations
ABP  Arterial blood pressure
CPB  Cardiopulmonary bypass

ICU  Intensive care unit
LV  Left ventricle
MR  Mitral regurgitation
PAC  Pulmonary artery catheter
PAP  Pulmonary artery pressure
RA  Right atrium
RV  Right ventricle
TEE  Transesophageal echocardiography
TTE  Transthoracic echocardiography

Acknowledgements
The authors would like to thank Enago (www. enago. jp) for the English 
language review.

Authors’ contributions
TN wrote the original draft, prepared figures, and edited the later version. SK 
and TT managed anesthesia. TN and EK assisted in anesthesia management. 
SK, TT, EK, and KS reviewed and revised the manuscript. All the authors read 
and approved the final version of the manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent for publication was obtained from the patient.

Competing interests
The authors declare that they have no competing interests.

Received: 7 April 2023   Revised: 12 May 2023   Accepted: 16 May 2023

References
 1. Sandham JD, Hull RD, Brant RF, Knox L, Pineo GF, Doig CJ, et al. A 

randomized, controlled trial of the use of pulmonary-artery catheters in 
high-risk surgical patients. N Engl J Med. 2003;348:5–14.

 2. Schwann NM, Hillel Z, Hoeft A, Barash P, Möhnle P, Miao Y, et al. Lack of 
effectiveness of the pulmonary artery catheter in cardiac surgery. Anesth 
Analg. 2011;113:994–1002.

 3. Judge O, Ji F, Fleming N, Liu H. Current use of the pulmonary artery 
catheter in cardiac surgery: a survey study. J Cardiothorac Vasc Anesth. 
2015;29:69–75.

 4. Brovman EY, Gabriel RA, Dutton RP, Urman RD. Pulmonary artery catheter 
use during cardiac surgery in the United States, 2010 to 2014. J Cardio-
thorac Vasc Anesth. 2016;30:579–84.

 5. Rozental O, Thalappillil R, White RS, Tam CW. To swan or not to swan: indi-
cations, alternatives, and future directions. J Cardiothorac Vasc Anesth. 
2021;35:600–15.

 6. Lyew MA, Bacon DR, Nesarajah MS. Right ventricular perforation by a 
pulmonary artery catheter during coronary artery bypass surgery. Anesth 
Analg. 1996;82:1089–90.

 7. Chuang KC, Lan AKM, Luk HN, Wang CS, Huang CJ, Cheng KW, et al. 
Perforation of the right ventricle by a pulmonary artery catheter that 
continues to measure cardiac output and mixed venous saturation. J Clin 
Anesth. 2005;17:124–7.

 8. Bossert T, Gummert JF, Bittner HB, Barten M, Walther T, Falk V, et al. Swan-
Ganz catheter-induced severe complications in cardiac surgery: right 
ventricular perforation, knotting, and rupture of a pulmonary artery. J 
Card Surg. 2006;21:292–5.

http://www.enago.jp


Page 5 of 5Nakanishi et al. JA Clinical Reports            (2023) 9:29  

 9. Benito-Saz P, Garrido A, Quintana-Villamandos B, Barrio JM, Fernandez-
Quero L, Hortal J. Perforation of the left ventricle wall due to the insertion 
of a pulmonary artery catheter. A case report. Rev Esp Anestesiol Reanim. 
2019;66:528–32.

 10. Iribarne A, Sangha RS, Bostock IC, Rothstein ES, McCullough JN. Right 
ventricular lead perforation through the septum, left ventricle, and 
pleura, managed by an open surgical approach. HeartRhythm Case Rep. 
2018;4:397–400.

 11 Satomi N, Enta K, Otsuka M, Ishii Y, Asano R, Sawa S. Left ventricular free 
wall perforation by a right ventricular pacemaker lead: a case report. Eur 
Heart J Case Rep. 2021;5:ytab125.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Malposition of a pulmonary artery catheter in the left ventricle: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion
	Acknowledgements
	References


