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Case Report

Myocardial contrast echocardiographic diagnosis and follow-up
of interventricular septal hematoma after retrograde intervention
for a chronic total occlusion of a right coronary artery: a case
report
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Background: Chronic total occlusion percutaneous coronary interventions (CTO-PCI) can be highly
complex and are associated with an increased risk of complications. Coronary perforation (CP) is one of
the most feared complications of CTO-PCI. Awareness of the potential consequence, as well as meticulous
attention to patient monitoring, can aid in rapid treatment if it happens. We present a unique case covering
myocardial contrast echocardiography (MCE) characterization of interventricular septal hematoma
secondary to CP associated with decompression of the hematoma into the left ventricle cavity and a favorable
clinical outcome.

Case Description: This is a case of a patient with no space-occupying effect in interventricular septum
before CTO-PCI showed severe chest pain after PCI. Bedside echocardiography showed thickening of
the interventricular septum with the anechoic area, and contrast-enhanced echocardiography suggested
the presence of interventricular septal hematoma and coronary-ventricular fistula. It was considered that
retrograde CTO-PCI led to CP, which developed into an interventricular septal hematoma. The hematoma
obstructed the right ventricular outflow tract (RVOT) to a lesser amount; at the same time, the perforated
coronary artery created a fistula with the left ventricle, resulting in perfusion damage and myocardial
ischemia to some extent, although the patient’s vital signs remained stable. Therefore, conservative treatment
was carried out under close observation. The patient stayed stable. The hematoma was absorbed 7 days after
the operation, and completely absorbed 1 month later.

Conclusions: Although most cases of myocardial hematoma caused by CP can be treated conservatively
without causing acute hemodynamic damage, a myocardial hematoma can progress at any time. Closely
monitoring the changes in patients’ symptoms and vital signs; mastering the location of the perforated
coronary artery, the size of the hematoma and the hemodynamic abnormalities can help clinicians quickly
make further treatment plans. Echocardiography coupled with contrast-enhanced ultrasonography, which
is non-invasive, safe, cost-effective, and bedside-operable may accurately indicate the location, size of the
hematoma, whether there is a shunt, as well as observe the hemodynamic changes and myocardial perfusion

in real-time.
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Introduction

Interventricular septal hematoma is a rare complication
of retrograde chronic total occlusion percutaneous
coronary interventions (CTO-PCI) with a variable course
(1-3). Pathophysiologically, an initial bleed may appear
“contained” in surrounding tissue accompanied by the
risk of progress in a relentless fashion, dissecting its way
through the myocardium and, in the process, avulsing
perforating vessels, which in turn bleed further, establishing
a self-propagating process. The bleeding that occurs in the
ventricular septum would lead to a hematoma. Here, a case
of interventricular septal hematoma after right coronary
artery (RCA) CTO-PCI using a retrograde approach
has been reported (4). The development of ST-segment
elevation, chest pain, and right ventricular outflow tract
(RVOT) obstruction complicated the case. And, with the use
of myocardial contrast echocardiography (MCE), we treated
the patient conservatively, resulting in hematoma resolution
and a satisfactory outcome. To the best of our knowledge,
no case reports or series analyzing and discussing MCE
findings related to the Coronary perforation (CP) as the
complication of CTO-PCI within the literature (5-10). We
present the following article in accordance with the CARE
reporting checklist (available at https://cdt.amegroups.com/
article/view/10.21037/cdt-21-707/rc).

Case presentation

A 33-year-old male patient felt chest tightness and pain
across the anterior chest accompanied by radiation in the left
upper limb after exercise, which could be relieved by resting
for several minutes. Eight months prior, he underwent
coronary artery bypass grafting surgery. Correspondingly,
the ascending aorta-radial artery graft-diagonal branch,
ascending aorta-saphenous vein graft-posterior descending
branch, and ascending aorta-saphenous vein graft-diagonal
branch was performed. The operation was smooth and
chest pain was relieved postoperatively. Eight months later,
symptoms reappeared. A coronary computed tomography
angiogram was performed to evaluate the occlusion of the
ascending aorta bypass graft to the RCA. And RCA was
occluded from the proximal lumen. Besides, there was a
myocardial bridge in the middle segment of the anterior
descending branch. He was referred to department of
cardiology in Guangdong Cardiovascular Institute of
Guangdong Provincial People’s Hospital for percutaneous
coronary intervention was not feasible to engage with

© Cardiovascular Diagnosis and Therapy. All rights reserved.

the antegrade guiding catheter at the RCA inlet in this
case. As a result, the antegrade approach could not be
performed, and we chose to adopt the retrograde approach
for revascularization. The septal collateral branches
were evaluated by preoperative angiography, which was
nontortuous and measured as 0.3-0.5 mm. Type-CC2 septal
collateral consisting of continuous, small side branch-like
size of the collateral according to Werner classification
was selected. A Launcher 7 Fr Brite-tip XB 3.5 (Cordis,
Miami, FL, USA) was engaged in the left coronary artery
(LCA) and a Sion black guidewire (Asahi Intecc, Nagoya,
Japan) was selected into the septal branch. Following
that, a 150 cm Corsair microcatheter (Asahi Intecc) with
selective contrasting performed utilizing its tip was chosen.
The septal branch was successfully passed with the Sion
black guidewire. Selective contrasting was performed in a
retrograde manner to confirm the guidewire had entered
into the distal end of RCA. The microcatheter was then
followed. The intraplaque crossing was attempted and
successfully achieved in the distal by changing the guidewire
into Pilot 200 (Abbott Vascular, Santa Clara, CA, USA).
However, the proximal advancement was failed. Reverse
controlled antegrade and retrograde tracking was promptly
planned. After inflating a balloon over the antegrade
wire, the retrograde Pilot 200 guidewire was advanced
into the space created by the balloon. The guidewire and
microcatheter were advanced into the antegrade guide, the
retrograde guidewire is removed, and RG3 (Asahi Intecc) was
advanced until it exits from the Y connector of the antegrade
guide catheter. After successful lesion crossing and balloon
expanding, the RCA was stented with 2.5x33, 3.0x36, and
3.5x36 mm drug-eluting stents from distal to proximal,
respectively. TIMI 3 flow was achieved after the procedure.
After his PCI, he developed severe chest pain and an
electrocardiogram revealed anterior ST-segment elevation
(Figure I1). Stent thrombosis was suspected. Bedside
echocardiography measured the septal 2.0x4.0 cm in four-
chamber view with 2 anechoic areas, and the larger one
measured 1.8x1.6 cm. There was the obliteration of the
RVOT from the hematoma with normal left ventricular
function (Figure 2A-2C and Videos 1,2). A minor pericardial
effusion was discovered. Repeat angiography revealed
the presence of patent RCA stents. There was coronary
perforation (CP) type III of the septal branch according to
Ellis classification, in which contrast spilled directly into
the left ventricle, and a large septal hematoma formed in
the ventricle septum (Figure 2D, Video 3). Analysis of the
symptom in association with the positive imaging findings
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Figure 1 Cardiac telemetry monitor strip and an electrocardiogram showing anterior ST-segment elevation after RCA CTO-PCI using the

retrograde approach, which was complicated by perforation of the first septal artery branch. RCA, right coronary artery; CTO-PCI, chronic

total occlusion percutaneous coronary intervention.

suggested a clinical diagnosis of Ellis type IlIb coronary
artery perforation at the collateral branch. Cardiac magnetic
resonance imaging (MRI) and cardiac computerized
tomography (CT) showed thickening of the ventricular
septum with active bleeding, which formed ventricular
septal hematoma (Figure 2E,2F). Contrast echocardiography
(CE) was performed. The anechoic intra-mural cavities
were asynchronously enhanced compared with peripheral
tissue and communicated, which corresponded to the
intramyocardial hematoma. Contrast filling of the
hematoma was immediately second to the left ventricle
cavity; a breach could be tracked between the hematoma
and the cardiac cavity, while there was no communication
between the hematoma and right ventricle or pericardial
cavity (Videos 4,5).

Considering the hematoma extravasated into the left
ventricle, and the patient was hemodynamically stable,
conservative management was delivered with intensive
monitoring. The patient was then transferred to the cardiac
care unit and treated with beta-blockers and analgesics.
A repeated CE 7 days later showed no progress of the
hematoma. One of the hematomas was absorbed and
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another larger one was decreased to 1.7x0.6 cm. RVOT’s
flow was still turbulent and somewhat accelerated. We
continued the conservative treatment since the patient
remained stable. The hematoma showed no apparent
change on serial echocardiography. The patient was
asymptomatic and hemodynamically stable and therefore
was discharged on hospital day 10 (7zble 1). One month
after PCI he was clinically stable and angina-free. A
subsequent CE showed resolution of the interventricular
septal hematoma and preserving of RVOT (Video 6).

All procedures performed in the study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient for publication of this case
report and accompanying images. A copy of the written
consent is available for review by the editorial office of this
journal.

Discussion

A CTO lesion can be approached in both antegrade
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Figure 2 Imaging of ventricle septal hematoma. Post procedure echocardiography demonstrated increased interventricular septum thickness
and echo-free spaces within the septum (1.8x1.6 cm) (arrows) (A). The signal of blood flow at LVOT was normal (B) and blood flow of
RVOT was slightly accelerated (C). Angiogram of LAD, reveals Ellis type IIIb septal collateral perforation (arrows) into the septum and left
ventricle (D). Cardiac CT and cardiac MRI showed thickening of the ventricular septum, a small amount of active bleeding, and ventricular
septal hematoma (E,F). LVOT, left ventricular outflow tract; RVOT, right ventricular outflow tract; LAD, left anterior descending artery;

CT, computerized tomography; MRI, magnetic resonance imaging.
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Video 1 Bedside echocardiography of left ventricle outflow tract Video 2 There was obliteration of the right ventricle outflow tract
found thickening of interventricular septum with heterogeneous from the hematoma.
echogenicity.
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Video 3 Repeated angiography revealed there was Ellis type III
CP of the septal branch. The contrast spilled directly into the left
ventricle, and a large septal hematoma formed in the ventricle

septum, which was marked by the arrow. CP, coronary perforation.
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Video 4 The intramyocardial hematoma were enhanced
asynchronously compared with peripheral tissue. Contrast filling
of the hematoma was immediately second to the cardiac chamber.
A communication between the hematoma and left ventricle cavity

was highlighted.

and retrograde manner (11). The retrograde access has
significantly increased the procedural success rates in CTO-
PCI. The distal cap of a CTO can be accessed through
epicardial collaterals or septal branches. Perforation of
collaterals during a retrograde CTO-PCI is a feared
complication, which is potentially fatal (12). Septal collateral
rupture usually results in a septal hematoma. Conservative
echocardiography combined with MCE is the first effective
examination method for suspected myocardial hematoma.
It is noninvasive, safe, and economical, and it may be used
near the bed. MCE can accurately display the location of
hematoma breach, hematoma size, and shunt, and observe
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Video 5 The communication between the hematoma and
left ventricle cavity was much clearer under the setting of left

ventricular opacification.

Table 1 Disease progression and treatment response

Timeline Patient’s condition

Initial procedure Successful CTO-PCI was performed
but with septal hematoma formation,

which was treated conservatively

1h post-procedure Echocardiogram with obstruction of

the right ventricle

Day 10 post-procedure Discharged from the hospital

2 weeks after discharge  Seen in follow-up clinic with no

anginal symptoms or limitations

One month after the
procedure

MCE with complete resolution of a
septal hematoma

CTO-PCI, chronic total occlusion percutaneous coronary
intervention; MCE, myocardial contrast echocardiography.

the hemodynamic changes, myocardial perfusion in real-
time. The main point of this case report is the viability of
using echocardiography to monitor ventricular hematoma
changes in septal branch perforation during CTO-PCI
through retrograde route. In this example, we may take
lessons from the experience of diagnosis, treatment,
and follow-up for comparable patients by reviewing the
diagnosis and treatment.

The retrograde approach refers to CTO access of the
distal cap via collateral vessels. Angiographic collaterals
can be divided into septal and epicardial channels (11,12).
When the instrument moves through the blocked coronary
artery, it is simple to damage the arterial wall and produce
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Video 6 Subsequent CE during follow-up showed resolution of the

interventricular septal hematoma. CE, contrast echocardiography.

CP, causing the artery wall’s integrity to be compromised
and the coronary blood to extravasate to the surrounding
tissue. The perforation type was determined based on
the Ellis classification: I, extraluminal crater without
extravasation; II, pericardial or myocardial blushing without
contrast jet extravasation; Illa, extravasation through frank
(>1 mm) perforation; IIIb, “cavity spilling”, which refers to
perforations with contrast spilling directly into either the
left ventricle, coronary sinus or another anatomic circulatory
chamber. Patients who suffered type I or II CP showed
a tendency of good prognoses, while those with type III
perforations, in which locate at epicardial collaterals, had
a higher mortality rate. As epicardial collaterals are fragile
and associated with high mortality, where CP communicates
with the pericardial cavity, which, if left untreated, may
quickly lead to pericardial tamponade and hemodynamic
failure (13). To inhibit forward blood flow, coil embolization
or balloon dilatation are frequently used; if there is
persistent contrast media extravasation following balloon
dilatation, membrane-coated stents should be investigated
(14,15). An emergency pericardiocentesis is required when
there is cardiac tamponade. Although right ventricular
hematomas are often big, the majority of cases may be
treated conservatively without causing acute hemodynamic
abnormalities. Conservative treatment includes close
observation of vital signs and/or fluid resuscitation to
improve right ventricular preload. Dobutamine can be
considered for the treatment of intractable hypotension,
especially when hematoma causes RVOT obstruction. Left
ventricular free wall hematoma tends to be benign and can
also be treated conservatively (16,17). In rare cases, the
hematoma can be drained to the low-pressure right ventricle
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through the spontaneously formed ventricular septal defect,
or the hematoma can be drained by fenestration of a small
balloon via a guidewire, which is a better method than
using coils to block the supply vessels on both sides of the
hematoma (1). Although drainage of hematoma can prevent
the expansion of hematoma, the absorption of hematoma
may take several weeks, and until then the hemodynamic
abnormalities caused by hematoma will not be relieved (18).
Data analysis from 1,000 patients registered OPEN-CTO
found that 89 of enrolled patients developed CP after the
intervention, of which 43 (48%) needed clinical treatment.
Notably, 21% with perforation who received clinical
treatment died, whereas none died in those who did not
require treatment. Proximal vascular involvement, epicardial
collateral origin, and large perforation were identified as
features associated with adverse outcomes (19). In our case,
delayed Ellis type IIIb coronary artery perforation at the
collateral branch might be caused by mechanical stress.
Delayed perforation can result in a catastrophic event
after the implantation of coronary stents. Fortunately, the
perforation led to a hematoma that extravasated into the
left ventricle. The patient was hemodynamically stable and
required no special treatment. Conservative management
was delivered with intensive monitoring.

Because of the adverse consequences of CP via the
epicardial collateral pathway, some scholars have tried
to adopt an interventricular septal collateral pathway
for CTO-PCI. Even if CP occurs, the comparatively
closed myocardial tissue can limit the extent of leakage.
Perforation can, however, occur on dissection lines between
ventricular spiral muscles. And if the blood dissects its
way through the myocardium while avulsing perforating
vessels, which will, in turn, establish a self-propagating
process to become septal hematomas. Cardiovascular
MRI is a useful noninvasive technique for determining the
presence of intramyocardial hemorrhage. Since T1 and
T2 relaxation techniques are sensitive to blood products,
they frequently assist in diagnosis. The elevated myocardial
densities of paramagnetic hemoglobin degradation products
(deoxyhemoglobin, methemoglobin) and blood degradation
products (ferritin and hemosiderin) will exploit the T2
and T2* shortening effects, which makes intramyocardial
hemorrhage present as a hypointense signal within a region
of hyperintensity (20). Subacute (1-4 weeks) hematoma
will show heterogenous signal intensity, with areas of
high signal owing to liquidation. After the hematoma is
organized, there will be increased heterogeneity within
the hematoma with a general decrease in average T1
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but a general increase in average T2 values. Hematomas
will uniformly fail to enhance the administration of
gadolinium-based contrast agents, owing to their avascular
nature (21). Although cardiac MRI is a highly accurate
imaging modality, there are several practical limitations
to the use of the technique. When compared to
echocardiography, cardiac MRI examinations are time-
consuming and there is a high demand for patients’
compliance and heart rhythm. For patients with implanted
pacemakers and cardiac devices, there are problems with
scanning. The echocardiography can show the size and
location of the myocardial hematoma, the break in the
hematoma, and whether there is a shunt. The acoustic
characteristics of hematoma sandwiched between two layers
of the myocardium can be seen as anechoic in acute bleed
or cystic-like, an echo-lucent cavity. The outer wall is made
of the myocardium and pericardium while the inner wall,
which faces the ventricular cavity, includes the remaining
part of the myocardium and endocardium. It can change
over time and show three different components, one is
the original myocardium, the second is the anechoic area
caused by active coronary-ventricular septal fistula, and
the third will be the thrombosis gradually formed in the
anechoic area. The pressure in the anechoic area of the
ventricular septum will rise as active bleeding increases;
after the pressure in the coronary artery and the anechoic
area of the ventricular septum has been progressively
balanced, the coronary-ventricular septal fistula may be
blocked. And the ventricular septal hematoma could be
gradually absorbed. The differential diagnosis includes
ventricular trabeculations, intracavitary thrombi, and
pseudoaneurysm (22-24). Preoperative and postoperative
cardiac image comparisons are crucial to rule out the
likelihood of trabeculations or thrombi. Meanwhile,
careful examination of the endocardial and muscular layers
is extremely important. MCE has more diagnostic value
than conventional echocardiography by delineating the
boundary of endocardium and highlighting the continuity
of myocardial echogenicity (25-29). If there is evidence
of additional hematoma expansion, pericardial effusion,
tamponade, or significant shunt development, more
aggressive management with hematoma should be adopted.

MCE presented interventricular septal hematoma as a
sparse microbubble echo in the anechoic area after several
cardiac cycles, and there may be a filling defect in the
myocardium near this area. When there is a breach between
the hematoma and the cardiac cavity, the hematoma’s filling
intensity increases and the development order is second
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only to the cardiac cavity where the breach is located.
Moreover, the contrast agent can help to display the breaks
that are difficult to observe by two-dimensional ultrasound.
Contrast material is useful to define the endocardium
and distinguish prominent ventricular trabeculations,
thrombi. It can also highlight the communication between
the ventricular cavity and endocardial or pericardial
cavities to identify the pseudoaneurysm or pericardial
effusion. Furthermore, previous reports of intramyocardial
hematoma described the varying magnitude of enhancement
on contrast transthoracic echocardiography (1,30,31). It is
believed that this varying degree of enhancement is caused
by active bleeding and hematoma evolution. Hence, the
degree of enhancement in the hematoma can inform the
clinic whether or not to continue bleeding.

The principal limitation of this case report is that it was
based on retrospective observation of a single patient. We
made reasonable inferences according to literature and
pathophysiology, however systematic analysis and summary
the role of MCE in such patients based on larger studies are
still needed.

Conclusions

Septal hematomas causing hemodynamic instability are rare
complications of CTO-PCI and can be life-threatening.
This is a case report of isolated RV compression that was
handled conservatively under MCE supervision. MCE
assessment of the hematoma is a promising surveillance
technique.
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