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INTRODUCTION:  We present  a  case  of open  surgical  repair  of  an aortic  arch  pseudoaneurysm  (AAP)  without
the  use  of  hypothermic  circulatory  arrest  in  a  patient  with  low  ejection  fraction  and  associated  coronary
artery  disease  (CAD)  and  discuss  some  issues  regarding  the  management  of  this  case.
PRESENTATION  OF  THE  CASE:  A  69-year-old  male  with  multiple  pathologies  and  history  of  angina  pectoris
was  transferred  to our  center  from  a local  hospital  with  an initial  diagnosis  of  non-ST-segment  eleva-
tion  myocardial  infarction.  Coronary  angiography  revealed  stenotic  lesions  affecting  all  three  coronary
arteries.  Multislice  3D  contrast-enhanced  computed  tomography  (CT-scan)  revealed  a 36  ×  27  mm  AAP.
Endovascular  stent-grafting  was  deemed  to be unsuitable  due  to  hostile  landing  zone.  Therefore,  the
heart  team  decided  for  simultaneou  treatment  of  the  AAP  and  percutaneous  therapy  of  CAD.  The  AAP
was  excised,  and  repair  was  performed  with  a Dacron  patch  on  beating  heart.  After  the  surgical  proce-
dure,  PCI  with  drug-eluting  stents  (DES)  was  performed  on the  right  coronary  artery  (RCA)  and  the  left
circumflex  artery  (LCx)  in the  operating  room.  The  patient’s  postprocedural  course  was  uneventful  and
after  thirteen  days,  he was  discharged  in  good  shape.  3D  CT-scan  performed  after  three  month  showed
no residual  AAP.
DISCUSSION: We  established  this  approach  as  being  the  most  suitable  for  our  case based  on favorable

circumstances  such  as:  stable  CAD,  beating  heart  procedure  with  low  impact  on  myocardial  ischemia,  the
impossibility  of successful  placement  of  an endovascular  stent-graft,  the  presence  of  a  pseudoaneurysm
neck  with  minimum  calcification.
CONCLUSION:  We  consider  the  best  approach  for individual  cases  is  tailoring  the  treatment  plan  and  the
procedure  to the  patient’s  specific  anatomy  and  pathology.

©  2020  The  Author(s).  Published  by Elsevier  Ltd on behalf  of  IJS Publishing  Group  Ltd.  This  is  an  open
 artic
access

. Introduction

It has been stated that patients with degenerative aortic arch
seudoaneurysm (AAP) often have associated coronary artery dis-
ase (CAD) and also that aortic arch atherosclerosis is commonly
ound in the population over the age of 55 years [1]. Severe aor-
ic arch atheroma is defined as the presence of an over 4 mm thick,
lcerated or mobile plaque, with prevalence increases with advanc-

ng age and is found in patients over 75 years in 20% [2]. Coronary

rtery disease is also commonly found in the population; in adults,
here is a progressive rise with age. Conventional open surgical aor-
ic arch procedures require a sternotomy, cardiopulmonary bypass
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(CPB) and hypothermic circulatory arrest, thus remaining a surgical
challenge with high mortality (2–20%) and morbidity (4–12%) rates
depending on the patient’s comorbidities, the indication for repair,
and the acuity of the presentation [3]. Concomitant AAP and CAD
pose an increasing surgical challenge with a high rate of periop-
erative mortality. Simultaneous myocardial revascularization and
aortic arch replacement have a mortality rate of 55%, for which
the main causes of death are perioperative myocardial dysfunction,
transient or permanent neurological dysfunction, intraoperative
bleeding, followed by multiple organ failure syndrome [4,5]. Ade-
quate coronary revascularization is mandatory in order to avoid
catastrophic perioperative myocardial infarction and acute cardiac
failure. Revascularization of a coronary artery with proximal steno-

sis, by PCI or CABG, is recommended when a significant myocardial
area is subtended [6]. The risk of cerebral embolism during PCI in
patients with AAP should not be neglected [4]. In recent years, tho-
racic endovascular aortic repair (TEVAR) techniques for the aortic
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rch have evolved significantly and require special consideration.
owever, an inadequate landing zone for stent-graft deployment
ue to the very close proximity to the origins of the aortic arch
ranches makes this type of treatment technically challenging. This
ase report has been reported in line with the SCARE criteria [7].

. Presentation of case

A 69-year-old male patient previously diagnosed with angina
ectoris was referred to the department of cardiac surgery due to
he increasing back pain. The patient’s medical history included:
ype II diabetes mellitus, therapeutically neglected arterial hyper-
ension, chronic obstructive pulmonary disease, obesity, chronic
oronary artery disease, as well as carotid artery atherosclerotic
isease with 70% stenosis in the left carotid artery (LCA). He had
o history of stroke, transient ischemic attacks, syncope or tho-
acic trauma before the presentation. Coronary angiography (CAG)
howed left dominant coronary system with triple vessel coro-
ary disease: 75% stenosis of the distal segment of left anterior
escending coronary artery (LAD), left circumflex coronary artery
LCx) in the mid  and distal segments had stenosis of 80% and 70%,
espectively, and 70% stenosis of distal segment of the right coro-
ary artery (RCA) (Fig. 1). Transthoracic echocardiography (TTE)
erformed at admission showed: severe decrease in left ventri-
le ejection fraction (EF = 30%), akinesia of the basal segment
f the inferior wall and in 1/3 posterior wall, dilated (47 mm)
ight ventricle with global systolic dysfunction, mild mitral regur-
itation, mild tricuspid regurgitation, pulmonary artery systolic
ressure (sPAP) of 45 mmHg. Doppler echographic assessment of

emoral and carotid arteries confirmed the presence of non-stenotic
cho-lucent plaques in both femoral arteries and 70–75% steno-
is on the LCA. The ECG showed signs of atrial fibrillation and left
entricular hypertrophy. Three-dimensional analysis of the preop-
rative computed tomography (3D CT-scan) was used to establish
he dimension of the pseudoaneurysm, the distances between the
seudoaneurysm and the aortic arch branches, as well as to identify
ny signs of intramural hematoma at the level of the proximal seal
one. Apart from the complex lesions of the coronary arteries, 3D
T-scan revealed an AAP, with the neck present just caudally from
he left subclavian artery (LSA) on the lesser aortic arch curvature
hich had a maximum diameter of 36 × 27 mm (Fig. 2). Diame-

ers of the ascending aorta, aortic arch, and descending aorta were
8 mm,  36 mm,  and 28 mm,  respectively. The distance between
he pseudoaneurysm and the LCA origin from the aortic arch was
0 mm.  CT scan images were sent and processed by an outside
ervice for preoperative planning and proper sizing of stent-graft.
he endovascular aortic arch repair was not recommended due to
he lack of adequate landing areas for stent-graph placement. The
atient’s condition was critical due to the high probability of death
ue to rupture of the pseudoaneurysm of the aortic arch. Calcu-

ated Euroscor II revealed 31.25% risk of in hospital mortality. The
ultidisciplinary meeting, including cardiac surgeons, interven-

ional cardiologists, and anesthesiologists, discussed the possible
reatment strategies for the patient considering the 3D CT-scan,
oronarography, Doppler ultrasound echography, and echocardio-
raphy image. We offered the patient open surgical repair of the
ortic arch pseudoaneurysm and PCI for the lesions of the RCA and
Cx, as the lesion on the LAD was considered unsuitable for PCI. The
onsiderable risks of surgery regarding perioperative mortality and
ts possible complications, as well as the expected natural history

ithout surgery, were communicated to the patient. The patient

greed to undergo the treatment established by the multidisci-
linary team. The combined procedure was performed in a hybrid
perating room by a multidisciplinary team of cardiac surgeons
nd interventional cardiologists. Intra-operative standard monitor-
PEN  ACCESS
rgery Case Reports 74 (2020) 86–90 87

ing of the patient included: invasive blood pressure monitoring via
the left radial artery, continuous electrocardiography (ECG), pulse
oximetry, diuresis, capnography, and central venous pressure mon-
itoring via a triple lumen central venous catheter. Intraoperative
specific monitoring for aortic arch procedures included: two  body
temperature measurement sensors, rectal and esophageal, an addi-
tional arterial blood pressure monitoring via the left femoral artery
and near-infrared spectroscopy (NIRS) for continuous monitoring
of the cerebral oxygenation. A median sternotomy was  performed,
and CBP was  initiated using a bifurcated arterial line with dou-
ble arterial cannulation of the ascending aorta and the left femoral
artery and right atrial cannulation with a dual-stage venous can-
nula. The left side of the heart was vented through the right superior
pulmonary vein. Although the pseudoaneurysm was  adherent to
the vessels of the arch, with meticulous dissection of the surround-
ing tissues, we  were able to mobilize all the branches of the aortic
arch and their proximal segment before initiating the repair of
the pseudoaneurysm. The aorta was first cross-clamped immedi-
ately after the origin of the LCA and a second clamp at the level of
the aortic isthmus allowing us to perform the repair of the pseu-
doaneurysm on beating heart (Fig. 3). The pseudoaneurysm was
opened and removed until the neck. The aortic rim of the neck was
only slightly calcified and was  considered to be healthy, and thus
we considered safe to perform the repair with a 3/4 cm oval Dacron
patch. The time of CPB was  54 min, and the nasopharyngeal tem-
perature was maintained at 35 ◦C during the entire procedure. After
weaning of CPB the PCI with DES was  performed for the RCA, and
LCx lesions (Fig. 4). The lesion on the LAD was considered unsuit-
able for PCI due to the extremely calcified aspect of the lesion, which
had a very high risk of rupture during the procedure. The patient’s
postoperative course was  unremarkable. He was extubated at 12
h after the procedure, without signs of myocardial ischemia and
transient or permanent neurologic injury. In the first postprocedu-
ral day chest drainage was  of 450 mL  with significant haemoglobin
level decrease for which the patient received two  red cell units
and four units of frozen fresh plasma, without the need of surgi-
cal revision, a grade II complication according to the Clavien-Dindo
classification. Considering this complication, antiplatelet therapy
with Clopidogrel was  initiated on the second postprocedural day
and maintained for 12 months postprocedural. Chest drains were
removed on the third postprocedural day and the patient was dis-
charged from the hospital on the 14th postoperative day. At three
months after this procedure, a follow-up CT scan with 3D recon-
struction was  performed and revealed an excellent result, without
residual arch pseudoaneurysm (Fig. 5).

3. Discussion

Pseudoaneurysms of the thoracic aorta result from transmural
disruption of the aortic wall and can be secondary to trauma, vas-
culitis, infection, previous cardiac surgery or atherosclerosis [8].
The options for suitable treatment of coronary artery disease and
aortic arch repair (one-stage or two-stage) are still under debate.
Conventional open aortic arch patch repair remains an option for
aortic arch pseudoaneurysms when endovascular repair is not a
valid option [9,10]. In recent years, conventional open surgical
repair has been replaced by hybrid procedures [11]. Open arch
replacement with frozen elephant trunk or open arch replace-
ment with retrograde thoracic endovascular aortic repair (TEVAR)
have proven to be effective [12,13]. The main concept of hybrid
procedures which requires a remaining sufficient landing zone

after endograft deployment in order to obtain an adequate seal-
ing zone was not achievable [14]. Open aortic arch repair requiring
CPB and hypothermic circulatory arrest remains a valid option.
Optimal treatment for patients with concomitant AAP and CAD is
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Fig. 1. Preoperative coronarography: (A) Coronary angiogram (CAG) shows 70% stenosis in the distal segment of the RCA, (B) Coronary angiogram (CAG) shows 75% stenosis
of  the the distal segment of the LAD, 80% and 75% stenosis, respectively in the mid  and distal segments of the LCx, (CAG - coronary angiogram, LAD - left anterior descending
coronary artery, RCA - right coronary artery, LCx - left circumflex coronary artery).

Fig. 2. Preoperative contrast enhanced CT scan: (A) CT scan showing the AAP at the level of the aortic arch, (B) 3D CT-scan showing the AAP, with the neck present just
caudally from LSA on the lesser aortic arch curvature. (AAP - aortic arch pseudoaneurysm, LSA - left subclavian artery).

Fig. 3. Intraoperator view of aortic arch with Dacron patch repair.
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Fig. 4. (A) RCA CAG poststenting, (B) LCx CAG poststenting. (CAG - coronary angiogram, RCA - right coronary artery, LCx - left circumflex coronary artery).
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ig. 5. Multislice 3D reconstruction CT scan of the aortic arch after three months sho

ictated by the presence of either critical coronary arteries disease
r by impending ruptured aortic pseudoaneurysm. Simultaneous
ortic arch repair and surgical myocardial revascularization has
een proposed, but the results of this approach were disappoint-

ng. Another approach includes two-stage surgery with myocardial
evascularization before arch repair or arch repair before myocar-
ial revascularization [15]. If myocardial revascularization had
een performed first, the risk of rupture of the pseudoaneurysm in
he postoperative course would have been significantly increased.
n the second approach, if the arch repair had been performed
rst, the intraoperative changes of the patient’s hemodynamic sta-

us could have aggravated the existing myocardial ischemia with
 worse effect on the cardiac function. The most favorable situa-
ion seems to be represented by a combined treatment, PCI for the
oronary lesions and endovascular treatment for the aortic arch
seudoaneurysm. The patient’s coronary lesions were suitable for
ither CABG or PCI as suggested by the SYNTAX I and II scores. Con-
idering the high risks of a combined surgical procedure, in our
atient the heart-team opted for PCI as treatment for the coronary
rteries lesions. In our case, the surgical repair of the aortic arch
seudoaneurysm was successfully performed on beating heart by
losing the lesion with a Dacron patch. By using this technique, we
ere able to avoid hypothermic circulatory arrest, cardiac arrest,
yocardial protection, as well as major reconstructive aortic arch

urgical procedures. Using secvential aortic arch repair followed
y PCI, we were able to offer protection against the uncontrolled

xpansion and possible rupture of the pseudoaneurysm and also to
void the risk of distal embolization emerging from the pseudoa-
eurysm’s content. We  established this approach as being the most
uitable for our case based on favorable circumstances, such as: sta-
o evidence of filling or enlargement of the AAP. (AAP- aortic arch pseudoaneurysm).

ble CAD, beating heart procedure with low impact on myocardial
ischemia, the impossibility of successful placement of an endovas-
cular stent-graft, the presence of a pseudoaneurysm neck with
minimum calcification.

4. Conclusion

In conclusion, this case highlights the importance of individu-
alised approach for complex cases with the treatment plan devised
according to the patient’s specific anatomy and pathology.
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