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Background The use of a pulmonary artery catheter (PAC) continues to be important for the diagnosis and therapeutic control
of severe heart failure and in the diagnosis of pulmonary arterial hypertension. One of the most feared complica-
tions of this examination is perforation of a pulmonary artery with an estimated incidence of 0.031–0.05% and mor-
tality rates of up to 70%.

...................................................................................................................................................................................................
Case summary We report on an 80-year-old female patient who experienced a perforation of a pulmonary artery branch during

the work-up of pulmonary arterial hypertension by PAC. Immediately after the perforation, haemodynamic shock
developed rapidly, necessitating cardiopulmonary resuscitation. Occlusion of the pulmonary artery branch with a
semicompliant balloon was applied immediately. After 40 min of occlusion, the bleeding persisted, and endovascular
coil implantation was performed. Subsequently, the bleeding stopped, and the haemodynamics stabilized. After
treatment, the patient was discharged home without any significant sequelae.

...................................................................................................................................................................................................
Discussion Treatment options in pulmonary artery perforation are limited, especially if the patient is inoperable and if balloon

occlusion fails. Based on our results, endovascular coil embolization can be considered a therapeutic option.
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Introduction

Current guidelines recommend that right heart catheterization
(RHC) be considered part of the diagnosis and management of
patients with known heart failure who remain severely symptomatic
despite initial standard therapies and whose haemodynamic status is
unclear.1 Further, RHC is recommended for the work-up of chronic
thrombo-embolic pulmonary hypertension to confirm the diagnosis
and assess the severity of haemodynamic impairment.2

Learning points
• Pulmonary artery rupture is considered the most dangerous

complication of a right heart catheterization.
• Rapid action and an interdisciplinary approach are one of the

pillars in the treatment of this complication.
• Endovascular coil embolization may be considered as a safe

and quick procedure when balloon occlusion fails.

This article was judged to be one of the best cases presented at the German Cardiac Society Annual Congress 2020. It was reviewed by team from that organization.
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However, due to its invasiveness, RHC is linked to a risk of compli-

cations, ranging from access-site-associated complications and
arrhythmias to life-threatening complications, such as injury to the
right heart or pulmonary arteries. In a systematic review of 7218
RHC procedures, Hoepker et al.3 observed four fatal events that
resulted in an overall procedure-related mortality rate of 0.055%
(95% confidence interval 0.01–0.099%). Pulmonary artery rupture is
considered the most dangerous complication, with an estimated inci-
dence of 0.031% and 0.05% and mortality rates of 70% and 50%, re-
spectively, in two studies with large sample sizes.4,5 Overall, despite
the low rate of life-threatening complications, the literature lacks
clear recommendations regarding their management, often necessi-
tating individual decisions about a patient’s further care.

Timeline

Case presentation

We report an 80-year-old female (body mass index 20.8 kg/m2) who
presented to our clinic for further evaluation of her dyspnoea [New
York Heart Association (NYHA) functional classification III]. Her car-
diovascular risk factors included arterial hypertension, and her rele-
vant medical history contained atrial fibrillation, rheumatoid arthritis,

and a bilateral pulmonary embolism in 2014 after varicectomy. The
patient was on diuretics, a beta-blocker, an angiotensin-converting
enzyme inhibitor, and oral anticoagulation.

The physical examination revealed the following abnormalities:
mild oedema of the lower legs bilaterally and reduced breathing
sounds bilaterally. Auscultation of the heart showed a holosystolic
murmur (II/VI) at the apex and left lower sternal border. The echo-
cardiography demonstrated normal left ventricular function and
moderate mitral and tricuspid regurgitation. The right ventricle was
enlarged, with preserved function (tricuspid annular plane systolic ex-
cursion: 21 mm). In the continuous wave Doppler measurement, pul-
monary artery systolic blood pressure was significantly elevated at
86 mmHg. Coronary heart disease and pulmonary venous congestion
had been ruled out by coronary angiography and chest X-ray, re-
spectively. However, there were small pleural effusions on both
sides.

Due to the patient’s complaints and the pathological findings, we
decided to examine the right heart with a balloon-tipped pulmonary
artery catheter (PAC) for further clarification. The RHC was per-
formed in the catheter lab via the right femoral vein. We used a
standard balloon-tipped PAC (5French, CORODYNTM, B. BRAUN),
which was placed in the left pulmonary artery under radiological con-
trol. Immediately after the pulmonary capillary wedge pressure meas-
urements, haemoptysis occurred, which rapidly increased in intensity
and led to respiratory failure. This event was accompanied by rapid
haemodynamic deterioration, necessitating cardiopulmonary resusci-
tation (CPR) for 4 min. The patient was orally intubated and venti-
lated immediately.

Concurrently, angiographic imaging of the left pulmonary artery
was performed via a 6 Fr multipurpose guiding catheter (MB1,
Medtronic). As a result, rupture of a lateral branch of the left pulmon-
ary artery could be identified as the cause of the haemorrhagic shock
(Figure 1A). Due to the patient’s comorbidities and age, we initially
decided against surgical treatment, in consultation with the heart sur-
geon. We inserted a coronary intervention wire (RunthroughVR ,
TERUMOVR ) into the periphery of the perforated vessel and per-
formed balloon occlusion [Maverick MonorailTM, Boston Scientific;
4.5 mm � 20 mm; pressure: 6 atmosphere (atm)], proximal to the
perforation. The new angiographic image now showed a complete
balloon occlusion of the perforated vessel (Figure 1B). Balloon occlu-
sion was continued for a total of 40 min.

Meanwhile, the patient’s haemodynamic situation stabilized. The
activated clotting time (ACT) was 123 s. The repeat angiographic
image continued to show contrast agent leakage from the perforation
site after 40 min. Due to persistent bleeding from the perforated pul-
monary artery, we decided to embolize the perforated vessel with
microcoils (Hilal Embolization MicrocoilsTM, COOKVR , Medical). For
safety reasons, to control bleeding and ensure a stable haemodynam-
ic situation throughout the planned bail-out procedure, we decided
to implant the coils through a second interventional catheter. To this
end, another 6 Fr MB 1 guiding catheter was placed in the left pul-
monary artery via the left femoral vein. We then used this catheter
to insert a second wire (RunthroughVR , TERUMOVR ) into the target
vessel past the blocked balloon. For this purpose, the inflation pres-
sure was briefly reduced to 2–4 atm. We then advanced a microcath-
eter (FinecrossVR MG, TERUMOVR ) via the second interventional wire.

.................................................................................................
Time Description

Hospital admission

Day 1

Admission due to further evaluation of the

patient’s dyspnoea (New York Heart

Association III) and mild oedema of the lower

legs.

Medical history, physical examination, laboratory

analysis, transthoracic echocardiography, X-ray

image of the lungs

Cath lab

Day 4

Complication: perforation of the pulmonary

artery

Rapid haemodynamic deterioration

Contacting anaesthesia and cardiac surgery:

interventional treatment preferred

Balloon occlusion for a total of 40 min.

Persistent bleeding of the pulmonary artery

Coil embolization of the perforation cavity as a

bail out procedure

Intensive care unit

Day 4–14

Haematothorax on the left side: relieved by

drainage

Extubation on Day 5

Pneumonia treated with ampicillin/sulbactam

Computed tomography scan of the thorax on

Day 14: favourable result after coiling

Normal ward

Day 14–30

Pre-existing atrial fibrillation with significant AV-

block: implantation of a permanent pacemaker

before discharge

Discharge at Day 30 after admission.

2 J. Leick et al.
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The perforation cavity was selectively visualized via the inserted
microcatheter (Figure 2A), after which embolization was performed
with four coils into the cavity. The angiographic image showed
complete embolization of the perforation cavity (Figure 2B).
Consequently, the patient’s haemodynamic situation stabilized at this
point.

Following the procedure, the patient was transferred to the inten-
sive care unit while haemodynamically stable. Sonography revealed a
haematothorax on the left side, which was relieved by drainage.
Laboratory findings showed a decrease in haemoglobin concentra-
tion from 12 g/dL to 9 g/dL. The patient was extubated on the

following day. During her stay, she developed pneumonia, which was
treated with antibiotics (ampicillin/sulbactam). Ten days after the
index procedure, a computed tomography scan of the thorax was
performed, which showed a favourable result after coiling (Figure 3).
In addition, there was no evidence of chronic thrombo-embolic pul-
monary hypertension.

Due to the patient’s pre-existing atrial fibrillation, with significant
atrioventricular block in the clinical follow-up, a permanent pace-
maker was implanted before discharge. On Day 26 post-index event,
the patient was discharged without further sequelae. The echocardi-
ography at discharge showed a systolic pulmonary artery pressure of

Figure 1 Contrast agent extravasation following perforation of a pulmonary artery side branch (A) with subsequent balloon occlusion (B).

Figure 2 Selective visualization of the perforation cavity via the inserted microcatheter (A). Complete embolization of the perforation cavity after
implantation of four coils (B).
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50 mmHg, perhaps due to the increase in diuretic doses compared
with the day of hospital admission.

At follow-up, 1 month later, the patient reported no further epi-
sodes of haemoptysis or any discomfort related to the pulmonary ar-
tery rupture. Echocardiographic findings were without significant
changes.

Discussion

Right heart catheterization is an invasive method for further evaluat-
ing heart failure in patients whose haemodynamic status is unclear
and in the continuing diagnosis of pulmonary hypertension.1,2 Serious
complications of RHC occur in 0.1% of cases and pulmonary artery
rupture is considered the most dangerous complication.4,5 The fol-
lowing risk factors are associated with an increased risk of pulmonary
artery injury in PAC: age > 60 years, female gender, pulmonary
hypertension, systemic anticoagulation, long-term steroid use, and
surgically induced hypothermia.6 Our case had four of these risk
factors.

Treatment options for pulmonary artery rupture include surgery
and endovascular therapy. Due to the rapid deterioration in haemo-
dynamic and respiratory function, rapid diagnosis, and initiation of
therapy are essential for survival. In parallel with the interventional
treatment below, additional measures should be taken simultaneous-
ly, such as activating the CPR team, the anaesthesiologist and cardiac
surgeon; resuscitation, if necessary; administration of intravenous flu-
ids in case of hypotension; securing the airway with a selective lung in-
tubation; and protamine injection if heparin was administered.

There are no clear recommendations for interventional treatment
of this rare but life-threatening complication. Existing recommenda-
tions are based on case reports,7–11 including selective thrombin

injection into the vessel, percutaneous embolization with an
AMPLATZERTM vascular plug (Abbott), implantation of a covered
stent and coil embolization.9,10,12–14

In our case, we decided on a step-by-step approach with balloon
occlusion first to stabilize her haemodynamics. After checking for ad-
equate ACT and failure to stop bleeding after prolonged balloon oc-
clusion, the heart team reconvened to hold an interdisciplinary
discussion. The risk of emergency surgery was considered to be un-
acceptably high. Although implantation of a covered stent can main-
tain perfusion of the treated artery,7,10 we decided against this
strategy, because the distal landing zone of the stent remained un-
known, despite angiographic controls. Similarly, implantation of a vas-
cular plug was not an option in this case, because the angiographic
controls did not allow for an accurate assessment of the anatomy
that was distal to the perforation. The simultaneous insertion of a
microcatheter past the blocked balloon permitted us to selectively
visualize the perforation cavity and subsequent coil implantation
without having to compromise the gain in stability. This method is a
safe and rapid approach to pulmonary artery perforation when bal-
loon occlusion fails and when the patient is considered to be inoper-
able or at high risk. A disadvantage of this method is that a local
pulmonary infarction is induced. However, this drawback must be
considered after weighing the risk–benefit ratio.

Conclusion

Perforation of a pulmonary artery during pulmonary artery catheter-
ization is an acute threat for which treatment options are limited.
Rapid action and an interdisciplinary approach are the pillars in the
treatment of this complication. Endovascular coil embolization may
be considered a safe and quickprocedure when balloon occlusion
fails.
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Supplementary material

Supplementary material is available at European Heart Journal - Case
Reports online.

Slide sets: A fully edited slide set detailing these cases and suitable
for local presentation is available online as Supplementary data.

Figure 3 Computed tomography scan showing coils in the left
pulmonary artery. Pulmonary artery is marked in blue.
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text has been obtained from the patient in line with COPE guidance.
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