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Background In the last few years, complex techniques and advanced equipment became available to treat chronically occluded
coronary arteries. Such procedures portend a series of possible complications that operators should be ready to
quickly recognize and deal with.

...................................................................................................................................................................................................
Case summary A 75-year-old lady with uncontrolled stable angina underwent percutaneous treatment of a chronically occluded right coron-

ary artery. After balloon angioplasty and stenting, she developed a severe hypotension, refractory to fluid resuscitation and
vasopressors. Computerized tomography scan demonstrated an intramural haematoma (IMH) of the right atrioventricular
groove resulting in life-threatening pseudotamponade (or dry tamponade), as further confirmed by cardiac magnetic reson-
ance imaging (MRI). The decision was for conservative management and haemodynamic support by intra-aortic balloon
pump. Clinically, the patient improved and was discharged a few days later. Follow-up MRI confirmed resolution of the IMH.

...................................................................................................................................................................................................
Discussion Severe hypotension during percutaneous treatment of chronically occluded coronary arteries may be related to

various causes. Differential diagnosis is thus important in this setting and should include IMH, a rare but potentially
fatal complication as it may cause compression of cardiac chambers and lead to pseudotamponade. A high index of
suspicion is required to diagnose IMH but there are no clear guidelines for management of such cases.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Keywords Pseudotamponade • Intramural haematoma (IMH) • Hypotension • Chronic total occlusion (CTO)

• Percutaneous coronary intervention (PCI) • Case report

Introduction

Percutaneous coronary intervention (PCI) of chronic total occlusions
(CTO)1 is usually a complex procedure portending a series of
possible complications that operators should be ready to quickly
recognize and possibly treat. Complications can be classified as

Learning points
• Differential diagnosis of hypotension during percutaneous cor-

onary intervention (PCI) of a chronic total occlusion (CTO).
• High index of suspicion about intramural haematoma as a pos-

sible complication of PCI of a CTO.
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cardiac (either non-coronary such as aortic dissection, or coronary
such as perforation, acute vessel closure, or equipment loss/entrap-
ment) or extracardiac (radiation injury, vascular complications, con-
trast induced nephropathy).2 The OPEN-CTO registry3 showed
that, despite a technical success rate of 86% in expert centres, 7% of
patients had major cardiovascular and cerebrovascular events. All of
the deaths (nine patients) were associated with a complication: nine
had a perforation requiring treatment, two of whom also experi-
enced peri-procedural myocardial infarction.

Timeline

Case presentation

A 75-year-old lady presented with a history of treated hypertension
and long-standing stable angina despite therapy with three antiangi-
nals uptitrated to maximum tolerated doses (bisoprolol 5 mg o.d.,
amlodipine 5 mg o.d., and isosorbide mononitrate 40 mg b.i.d.). Her
electrocardiogram (ECG) showed sinus rhythm and no Q waves.
Her transthoracic echocardiogram showed preserved left ventricular
systolic function with mild hypokinesia of the inferior wall and no sig-
nificant valvular disease. Her coronary angiogram showed a dominant
right coronary artery (RCA) with CTO in proximal segment (Figure
1A; Supplementary material online, Angio 1), mild/moderate narrow-
ing in proximal left anterior descending and moderate eccentric nar-
rowing in proximal non-dominant left circumflex artery providing
cross-filling to the occluded RCA through epicardial collaterals
(Figure 1B; Supplementary material online, Angios 2–5). J-CTO score
was 1. The left coronary lesions were thought unlikely to be flow
limiting and after discussion with the patient, the interventional plan
was to attempt a PCI to the occluded RCA with antegrade wire
escalation strategy.

The procedure was carried out using dual access (right radial 6 Fr
and right femoral 8 Fr). A Voda Left 3.5 6 Fr was used to engage the
left coronary system and a Judkins Right 4 8 Fr to engage the RCA. A
soft, polymer-jacketed, tapered wire (Fielder XT) with a microcath-
eter (Corsair) back-up was unable to cross the occlusion. Therefore,
it was switched to a stiffer polymer-jacketed wire (Gaia 2nd) which
was able to cross the occlusion. The correct position in the distal
true lumen was confirmed by contralateral injection. The wire
was then exchanged out over the Corsair to a standard coronary
wire (Sion Blue) and balloon angioplasty was performed with a
2.5� 15 mm balloon in the proximal and mid-segment of RCA, with
subsequent evidence of extensive dissection of the vessel (Figure 1C;
Supplementary material online, Angio 6). Two overlapping drug-
eluting stents (DES) (3.5� 36 mm and 3.5� 33 mm) were deployed
in proximal-mid vessel (Supplementary material online, Angio 7), fol-
lowing which the patient developed hypotension (60/40 mmHg).
There was evidence of residual dissection in distal RCA and two
further overlapping DES (2.5� 19 mm and 2.5� 29 mm) were
deployed (Figure 1D; Supplementary material online, Angio 8). The
patient remained hypotensive, refractory to fluid resuscitation and
intravenous phenylephrine boluses, complaining of dizziness and
with evidence of raised venous pressures. A pericardial tamponade
was suspected and an urgent echocardiogram was performed
(Supplementary material online, Echo still picture and Echo video). This
showed no pericardial effusion in subcostal view. A careful review of
the coronary angiogram did not show any obvious perforations in
the RCA or catheter-related dissection in the left coronary system. In
addition, no significant ST changes were noted on ECG during the
procedure. A femoral angiogram ruled out any bleeding at the access
site. Other possible differential diagnoses were nitrate effect (unlike-
ly, due to the long time after last nitrate administration and not re-
sponsiveness to fluids and phenylephrine), vagal reaction (unlikely, as
the heart rate was slightly raised and there was no responsiveness to
fluids and phenylephrine), or anaphylaxis (unlikely, due to late presen-
tation and not responsiveness to hydrocortisone and chlorphenir-
amine). As the hypotension persisted, an intra-aortic balloon pump
(IABP) was inserted with an augmented systolic blood pressure of
100 mmHg. Urgent blood tests showed a drop in haemoglobin as
compared to pre-procedure (from 13.2 to 11 g/dL). To rule out a
retroperitoneal bleed, an urgent computerized tomography (CT)
scan was performed. This did not show any bleeding at the femoral
site but revealed a large (36� 31 mm) intramural haematoma (IMH)
in the right atrioventricular groove (Figure 2) compressing the tricus-
pid valve annulus and restricting right ventricular filling. The final diag-
nosis was thus pseudotamponade (or dry tamponade). As the patient
did not show any sign of further haemodynamic deterioration in the
next few hours, a conservative management plan was adopted. After
3 days, she became normotensive (120/70 mmHg) and the IABP was
removed. A cardiac magnetic resonance imaging (MRI) showed a
localized IMH (Figure 3A; Supplementary material online, cMRI video
1), slightly smaller (28� 23 mm) than that seen on the CT scan. She
was successfully discharged once clinically and haemodynamically
stable (on Day 10) with a plan to take Aspirin and Clopidogrel for
6 months. After 7 months, repeat cardiac MRI (Figure 3B;
Supplementary material online, cMRI video 1) showed an improve-
ment of the haematoma which had not fully resolved but was

.................................................................................................
Time Events

Day 0 Percutaneous coronary intervention to chronically

occluded right coronary artery complicated by

refractory hypotension! intra-aortic

balloon pump (IABP) inserted.

Day 0 (2 h later) Urgent computerized tomography scan incidentally

showed intramural haematoma (IMH) of the

atrioventricular groove, resulting in

pseudotamponade.

Day 3 Patient normotensive! IABP removed.

Day 10 Cardiac magnetic resonance imaging (MRI)

confirmed diagnosis of IMH (improving). Patient

discharged, haemodynamically stable.

7 months Follow-up. Cardiac MRI showed almost resolved

IMH. Patient normotensive and free from angina.
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Figure 1 Coronary angiogram showing baseline right coronary artery (A) and left coronary system (B); extensive dissection after balloon angio-
plasty of right coronary artery (C) with final result of percutaneous coronary intervention (D).

Figure 2 Computerized tomography scan showing intramural haematoma (white arrow) in right atrioventricular groove affecting tricuspid valve
annulus.
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significantly reduced in size. The patient was normotensive and free
from exertional angina.

Discussion

Intramural haematoma is a rare and potentially fatal complication of
percutaneous procedures (mainly CTO PCI4 or catheter ablations5)
as it may cause compression of cardiac chambers with similar haemo-
dynamic effects as a proper pericardial tamponade,6 but with no evi-
dence of significant pericardial effusion. This condition is thus
referred to as pseudotamponade or dry tamponade. There are no
international guidelines for its management and only few reports are
available from literature, each suggesting a different approach with

various outcomes. For example, a recent case report7 showed a large
(4 � 7 cm) IMH of the antero-inferior portion of the right ventricle
caused by a perforation of a septal collateral during a CTO PCI of the
RCA, with patient complaining of chest pain and ST elevation on
ECG. Despite its dimensions, it was managed conservatively in view
of patient’s haemodynamic stability, with good clinical outcome. Such
an approach8 may not be advisable in all cases,9 as another report10

showed right ventricular haematoma developing after wire perfor-
ation in a CTO PCI of the RCA. The patient was transferred to
Coronary Care Unit nearly asymptomatic and normotensive but
after 1 h rapidly deteriorated and collapsed in asystole. In previously
by-pass grafted patients, IMH poses a particular challenge11–13 be-
cause the bleeding might extend from the wall into the residual peri-
cardial space contained by post-surgical adhesions. Management of
such cases is usually surgical although recently successful CT-guided
percutaneous procedures have been described.14,15

Our case is unique for several reasons. First of all, hypotension was
the main and almost only clinical sign, with no chest pain or ST
changes on ECG. The raised venous pressures led to suspicion of a
possible pericardial tamponade, but neither coronary perforation
nor pericardial effusion were evident. In fact, a thorough off-line re-
assessment of angiographic images (Supplementary material online,
Video 6) after the CT allowed to appreciate that some contrast ex-
travasation (likely causing the IMH) was already evident during the
procedure, even if the actual mechanism leading to it remains unclear.
It might have been due either to wire perforation towards the right
ventricular wall during antegrade wire escalation or following balloon
angioplasty when an extensive dissection occurred. It was probably
reduced after deployment of DES in proximal and mid segments of
RCA. It is interesting that the final diagnosis was made as an incidental
finding on a CT scan performed for a different reason. In a setting like
this, transthoracic echocardiogram performed urgently may often
miss the diagnosis. We suggest that an emergency thoraco-
abdominal-pelvic CT scan be performed in cases of unexplained
hypotension refractory to standard treatments occurring during PCI.
To the best of our knowledge, this is the first published case of
IMH located at the atrioventricular groove. Even a small haema-
toma here will lead to significant haemodynamic compromise as it
will compress the tricuspid valve and thus reduce inflow and out-
flow of the right atrium. An IMH in the right ventricular free wall
would have to be significantly larger to give similar haemodynamic
effects. Eventually, IABP helped managing the pseudotamponade
conservatively. Serial imaging assessments with cardiac MRI were
helpful to monitor the resolving IMH. A limitation in the manage-
ment of this case is that a stress test was not performed prior to
the PCI. It would ideally have been beneficial to have demon-
strated ischaemia in the RCA territory prior to embarking on PCI.
Despite this the operators were confident that, given the typical
symptoms, no evidence of Q waves in the inferior leads on the
ECG and no evidence of akinesia in inferior wall on transthoracic
echocardiogram with no further angiographic targets, the RCA le-
sion was indeed the correct culprit vessel. Interestingly a cardiac
MRI performed during the admission for evaluation of IMH
confirmed viability with <50% subendocardial enhancement in
the basal and mid inferior segments.

Figure 3 Cardiac magnetic resonance imaging performed during
admission (A) and follow-up (B) showing resolving intramural
haematoma (white arrows).

4 V. Vetrugno et al.
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Supplementary material is available at European Heart Journal - Case
Reports online.

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