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AOPTA ,MYOAOBULE"” U KAK A CE CINTPABUM C HEA

I. Manyes, C. Kazakoe, A. Kenyes
OmdeneHue no kapouoxupypeaus, Adxubadem Cumu KnuHuk YMBAJTT “Bumowa” — Cogpusi

Abstract. Introduction: The term “monster aorta” is a non-formal colloquial expression of advanced aortic disease. Features of
the monster aorta phenotype include large aneurysm (> 6 cm), multisegmented involvement, hostile atheroma, chronic
dissection, redo surgery, and emergency conditions. Although the literature commonly refers to these cases as “complex
aortic pathology”, we propose the descriptive term “Monster Aorta” to emphasize the extraordinary anatomical complexity
and technical challenges associated with such procedures. These operations frequently require multi-segment aortic
reconstruction and demand management by a dedicated high-volume surgical team experienced in advanced perfusion
techniques and cerebral protection strategies. The phrase “monster aorta” appears only rarely in the literature and
generally in an informal descriptive context rather than as a formally defined clinical entity, illustrating the use of the
term as a descriptive characterization of extreme aortic pathology rather than an established diagnostic designation.
Objectives: The aim of the study is to establish the definition of monster aorta for clinical purposes and to offer best-
practice recommendations. Materials and Methods: This is a single-center retrospective observational study of
patients who underwent thoracic aortic surgery with monster aorta phenotype. Eight consecutive cases were described
individually with respect to cannulation strategies, cerebral protection, frozen elephant trunk (FET) deployment, spinal
cord protection, as well as various safeguards and pitfalls. Primary outcome measures were survival and neurologic
complications. Results: No hospital mortality occurred and all patient were neurologically intact on discharge. All patients
are alive to date. Discussion and Conclusion: This article demonstrates the strategies applied in the surgical treatment
of monster aorta pathology in the Department of Cardiac Surgery, Acibadem City Clinic Vitosha Hospital. Based on the
favorable postoperative results these surgical strategies seem to be effective and reproducible. The concept of monster
aorta is useful in patient's referral to high-volume centers specialized in thoracic aortic surgery.
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Pestome. BbBegenue: MoHaTHeTO aopta ,vynoBuLle” e HedopmarieH pa3roBOpeH M3pa3 Ha HanpegHana aopTHa naTonorus.
®eHoTunHMTE Benesn Ha aopTaTa YygoBHLLE Ca ronsiMa aHeBpuaMa (> 6 cm), MynTUCErMEHTHO 3acsiraHe, arpecuBHa
aTepockneposa, peonepauys u CrellHu CbCTosHMSA. Bbnpeku Ye B HayyHaTta nuTepatypa Tesu Cryyan Han-4ecto ce
0003Ha4aBaT KaTo ,KOMMMEKCHa aopTHa MaTonorus”, HUe npegnaramMe onucaTenHus TepMUH ,monster aorta“ (aopTa
Yy[OBMLLE), 3a A NOAYEPTAEM U3KIKOYMUTENHATA aHAaTOMUYHA CIIOXHOCT M TEXHUYECKUTE Npean3BMKaTencTaa, CBbp-
3aHN C NoJ06HM XMPYPTUYHM MHTEPBEHLMW. Te3n onepaLum YecTo U3NCKBAT PEKOHCTPYKLMS Ha MHOXECTBO CErMeHTU
Ha aopTaTa 1 npegnonarar fieYeHne OT BUCOKOCNELMANN3NPaH XMPYPruYeH ekun ¢ ronsm obem AeiHOCT, NpuTexasaly
ONMWT B CbBPEMEHHUTE Nepdy3MOHHM TEXHUKN M cTpaTernnTe 3a LepebpanHa npotekums. M3pasbT ,monster aorta“ ce
CpeLla W3KMIYMTENHO PSAKO B NUTepaTypaTa M 0BUKHOBEHO Ce 13Mon3ea B HedpopmareH, OnucaTeneH KOHTEKCT, a
He kaTo qopmarnHo AeduHupaHa KnWHUYHA egnHvua. Tosa witoctpupa ynotpebata Ha TepMuHa KaTto onucaTenHa
XapaKTEpUCTUKA Ha EKCTPEMHA aopTHa MaTosorus, a He KaTo YTBBbPAEHO AWarHoCTUYHO 06o3HaveHue. Len. Lienta
Ha NpOyYBaHETO € Aa 3aTBbpAN AeduHULMATA Ha aopTaTa YyOOBULLE C KIMHUYHW Lenu U 4a NpeanoXu npenopbku
3a ycnelHo noseaexue. Martepwan v metoau: ToBa e eAHOLEHTPOBO PETPOCNEKTUBHO HabmnioaaTenHo uacneaBaHe
Mpu NaLMeHT, KOUTO ca NPeTbPNeNy XMPYpruyHa Hameca Ha TopakanHaTta aopTa BbB (DEHOTUNHA aopTa YyAoBULLE.

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.
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OceM uHOMBMAYanHU Cryyas ca OMMUCaHU MOOTAEMHO MO OTHOLUEHWE Ha KaHIOMAUMOHHM CTpaTerui, MO3buHa
NpoTeKUKs, UMNnaHTaunsa Ha xubpuaHa npotesa Tvn frozen elephant trunk, npoTekums Ha rpbOHaYHNS MO3BK, KaKTO
W pa3nuyHN CbBeTM 3a ycnelweH u3xod. OCHOBHUTE MyHKTOBE 3a kpaeH pesynTaT ca CMbPTHOCT U HEBPOMOTUYHY
ycnoxHeHusi. Pesyntatu: Cpep onucanuTe nauueHTH HaMa GONMHUYHA CMBPTHOCT U BCUYKM Ca AEXOCNUTann3npaHm
©e3 HEBPOMOMMYHM YCMOXHEHUS. BCUUKM NaLMEHTU ca XWBN KbM HACTOSILLUS MOMeHT. OBChxAaHe U 3aKmnioyeHue:
ToBa npoy4BaHe EMOHCTPUPa CTPaTErMUTE, KOUTO CE U3NON3BAT NPY XMPYPrUiHOTO NEYEHUe Ha aopTaTta YyjoBuLLE B
OtgenenuneTo no kapgnoxupyprus Ha Amxknbagem Cutu Knunuk YMBAJT , Butowa®. Mmaikv npegsug 6naronpusithute
pe3ynTaTi, Te3u TEXHUKN 3rnexaaT epekTUBHN 1 Bb3Npon3BoAUMU. [TOHSTUETO ,a0pTa YyA0BULLE" MOXE [a € NONE3HO
Mpy HAaCOYBAHETO Ha TakvBa NaLMEHTU KbM CreuuanuanpaHy LeHTpoBe C ronsM obem Ha [erHOCT B TopakanHata

aopTHa Xupyprus.
KniovoBu gymm:

Appec

3a KopecnoHaeHuma: e-mail: assen.keltchev@gmail.com

INTRODUCTION

Extensive thoracic aortic disease in the form of
aneurysm, dissection, and diffuse atherosclerosis
presents significant challenges to the cardiothoracic
surgeon. Such cases demand highest level of surgi-
cal planning and execution to achieve success and
durable long-term outcome. Although the literature
commonly refers to these cases as “complex aortic
pathology”, we propose the descriptive term “Monster
Aorta” to emphasize the extraordinary anatomical com-
plexity and technical challenges associated with such
procedures. These operations frequently require multi-
segment aortic reconstruction and demand manage-
ment by a dedicated high-volume surgical team experi-
enced in advanced perfusion techniques and cerebral
protection strategies. It is a non-formal colloquial term
used to describe advanced aortic pathology such as
extreme diameter, wide-spread calcification, tortuosity,
hostile atheroma, dissection or a combination of the
aforementioned. This anatomy could be aggravated
in the setting of emergency, aortic root pathology, and
presence of adhesions, bypass grafts, and prosthetic
materials in redo settings.

An important feature of the monster aorta is the
multi-segment character of the disease often necessi-
tating staged repair. The conventional elephant trunk
procedure introduced by Borst creates a proximal land-
ing trunk during arch replacement to facilitate later re-
construction of the descending aorta [1]. The technique
was further developed into the frozen elephant trunk
procedure in which a stented vascular graft is deployed
into the descending aorta during aortic arch replace-
ment [2]. The stent graft enables distal stabilization of
dissected or aneurysmal aorta with false lumen or peri-
prosthetic thrombosis, and provides a secure landing
zone for future endovascular repair of the descending
aorta. The Vascular Domain of the European Associ-
ation of Cardiothoracic Surgery (EACTS) established

aopTa ,MyaoBuLLEe”, KaHonaLms, Mo3byHa npotekuus, frozen elephant trunk
A-p Meoprv Manues, am; e-mail: Georgi.Manchev@acibademcityclinic.bg; a-p Acex Kenues am;

indications and safety considerations for the implemen-
tation of FET [3].

Thoracic aortic surgery remains a high-risk un-
dertaking in terms of neurological consequences.
Stroke, transient neurological dysfunction and spi-
nal cord injury are well recognized complications
demanding tough precautions such as hypothermic
circulatory arrest and antegrade cerebral perfusion.
Stroke rates vary from 4.5% for ascending aortic an-
eurysm surgery to 12.3% in the setting of acute aortic
dissection (AAD), and may reach more than 17% in
arch surgery [4], [5]. Furthermore, the stented graft
of FET requires careful sizing and distal deployment
level to mitigate the risk of spinal cord ischemia [6].
The monster aorta phenotype adds to the overall risk
of thoracic aortic surgery as it introduces anatomic
traits which require complex operative planning to
achieve satisfactory results.

OBJECTIVE

The aim of this article is to refine and establish the
definition of “monster aorta” for clinical purposes and
comparing outcomes of scientific studies on the basis
of the experience in the Department of Cardiac Sur-
gery, Acibadem City Clinic Vitosha Hospital. Best-prac-
tice recommendations for surgical approaches will be
described.

METHODS

Design

This is a retrospective, single-center observational
study of patients who underwent open surgical treat-
ment of thoracic aortic disease defined as monster
aorta at Acibadem City Clinic Vitosha Hospital, Sofia,
Bulgaria, between 1 September 2025 and 31 Decem-
ber 2025.
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Definition of monster aorta

Certain features of the aortic disease must be pres-
ent in order to qualify for monster aorta. Multisegment
thoracic aortic disease involving at least two contiguous
segments must be present making isolated ascending
or descending repair insufficient to qualify. Also, there
are additional factors that increase the complexity of
the case and modify the surgical strategy. Mega-aortic
syndrome (MAS) is used to describe aneurysmal dila-
tation of more than 6 cm involving multiple aortic seg-
ments or the entire aorta [7]. Severe atherosclerosis
(“shaggy aorta”) or heavy calcification heighten the risk
of intraoperative embolic phenomena, complicate the
creation of secure suture lines, and increase mortali-
ty [8]. Acute aortic dissection (AAD) bears an inherent
risk of aortic rupture and frequently presents with or-
gan malperfusion. Redo cases offer special challenges
to the surgeon who must deal with dense pericardial
adhesions, patent bypass grafts, previously implanted
vascular or valve prostheses. Aortic pathology is often
accompanied by aortic root or valve pathology requir-
ing whole root replacement or a valve-sparing strate-
gy. The presence of urgency in the condition due to
hemodynamic instability, tamponade, contained aortic
rupture, or organ malperfusion adds to the elevated
perioperative risk.

Inclusion and exclusion criteria

Adult patients (age > 18 years) meeting the above
definition of monster aorta who underwent open surgi-
cal repair are included in the study. Purely endovascular
procedures or isolated ascending aortic replacement in
patients not meeting the monster aorta definition are
excluded.

Surgical strategy

The surgical objective is complete correction of
thoracic aortic pathology including any aortic root/valve
disease during a single operation. In cases of aneurys-
mal or chronically dissected descending aorta a FET
was implanted to ensure antegrade disease control.
The stented vascular graft provides exclusion of aneu-
rysms, true-lumen expansion in aortic dissection, and
serves as a landing zone for future downstream endo-
vascular interventions.

Cannulation for cardiopulmonary bypass (CPB).
Monster aorta cases nearly always necessitate periph-
eral arterial cannulation. This is due to the risk of aortic
injury during sternal reentry, rupture of dissected aorta,
dislodgment of embolic material during aortic manipu-
lation. Our preference for peripheral arterial cannula-
tion is the axillary artery. It is close to the surgical field
and is rarely affected by dissection or atherosclerosis.
Axillary cannulation provides antegrade inflow and
facilitates subsequent antegrade cerebral perfusion

during circulatory arrest. The right-sided artery is more
often used and is accessed through the deltopectoral
groove. Cannulation is direct through a purse-string su-
ture via the Seldinger technique with a 17 Fr arterial
cannula, which can provide up to 5L/min blood flow.
Side-graft technique was deemed unnecessary in our
practice. The groin is always prepared for rapid femoral
cannulation in case of emergency. The venous outflow
is typically central via the right atrium through a single
dual-stage cannula in a redo setting the femoral vein
cannulation is preferred strategy.

Cerebral protection. Monster aorta cases usually
require a period of suspended circulation in order to
deal with the aortic arch. Protection of the central ner-
vous system is paramount. Our preference for brain
protection during circulatory arrest is moderate hypo-
thermia at 25°C complemented by unilateral brain per-
fusion via the axillary artery cannula if the DHCA time is
<30 min and cannulation of the three cerebral vessels
in complex cases or if NIRS monitoring shows abnor-
mal difference. Then a second balloon-tipped cannula
coming off a side arm of the arterial cannula is inserted
into the left carotid artery to achieve bilateral cerebral
perfusion. The left subclavian artery is occluded to pre-
vent steal phenomenon or perfused as well. The brain
is perfused at the arrest temperature with 10 ml/kg/min
flow rate. Monitoring of cerebral oxygen saturation by
near-infrared spectroscopy (NIRS) is always present.

FET deployment. The distal anastomosis of the
collar around the stent graft is usually done to zone 2
or 3 of the aortic arch. The debranched arch vessels
are then reattached to the side branches of the hybrid
prosthesis. In cases of deep left subclavian artery, it
may be oversewn and perfusion restored through a
subclavian-carotid bypass. Another option is maneu-
vering a side branch of the hybrid graft from the sur-
gical field into the left pleura and through the first in-
tercostal space out of the thorax where it is connected
to the subclavian artery. In aneurysm cases the stent
graft is oversized to 10-20% of actual aortic size at the
respective segment. In dissection cases oversizing is
minimal to avoid new intimal damage and also ensur-
ing complete seal of the false lumen. The length of the
stent graft is chosen based on the anticipated zone of
the distal suture line and patient anatomy so that its
distal end stays superior to the origin of the artery of
Adamkiewicz (usually T9-T12 level).

Spinal cord protection. Protection of the spi-
nal cord against ischemia is no less important than
brain protection. Cerebral perfusion pressure and
flow during hypothermic circulatory arrest affect spi-
nal cord perfusion through collateral blood supply.
Lower body ischemia can be limited by immediate
reperfusion following graft deployment and comple-
tion of the distal anastomosis which is facilitated by
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cannulation of a side branch of the prosthesis. Ex-
cessive length of the stent graft is avoided so that the
origin of the great anterior radiculomedullary artery
(Adamkiewicz) stays unobstructed as stated above.
Our strategy for extensive aortic pathology is based
on staged repair with future endovascular comple-
tion rather than single-setting coverage of the entire
descending thoracic aorta.

Outcome measures

The primary endpoints were operative mortality
defined as in-hospital or 30-day mortality and neu-
rologic injury. Permanent neurologic dysfunction
(stroke) is defined as a new persistent focal or global
neurologic deficit lasting more than 24 hours with re-
sidual symptoms at discharge or leading to patient’s
death. Stroke is diagnosed clinically and must have
a radiologic correlate. Spinal cord ischemia (SCI) is
a new paraplegia/paraparesis postoperatively, which
is transient or permanent. The secondary endpoints
comprise any complications stemming from the op-
erative procedure. Renal failure is defined as acute
renal dysfunction requiring renal replacement therapy.
Imperfect correction necessitating additional endo-
vascular intervention is also considered. Other mea-
sures of outcome include reexploration for bleeding,
intensive care unit (ICU) length of stay and duration
of mechanical ventilation, signs of heart failure with
prolonged inotropic support (> 72 hours), sepsis de-
fined as positive blood cultures along with clinical and
laboratory findings suggestive of sepsis, overall hos-
pital stay.

MATERIALS

The study encompasses a heterogeneous popu-
lation of consecutive patients bound together by the
monster aorta pathology. The clinical cases below por-
tray how certain situations could be dealt with.

Case #1. This was a patient with chronic aortic dis-
section type | with intact proximal portion of the ascending
aorta and a wide entry in the arch (Fig.1). The aorta was
aneurysmal in its ascending and arch portions. Both iliac
arteries were involved with dissection and intimal exit in
the right external iliac artery. Also, the patient presented
with arteria lusoria (Fig.2). In order to secure the right sub-
clavian artery a prior subclavian-to-carotid bypass was
performed the day before (Fig. 3). Arterial return was ac-
complished by splitting the arterial line and simultaneous-
ly perfusing the subclavian-carotid bypass prosthesis and
the intact portion of the ascending aorta so as to avoid
brain hyperflow. During aortic cross-clamping further sur-
gical dissection was done of the aortic arch in preparation
for debranching. Antegrade brain perfusion was estab-
lished by the main arterial cannula in the right subcla-
vian bypass graft and a second balloon-tipped cannula
inserted into the left carotid artery. The left subclavian and
lusorian arteries were transected and overseen by an En-
doGia device. The distal anastomosis was done in zone
2 with complete exclusion of the intimal entry. Guidewire
that had been previously inserted in the left femoral artery
was used for stent graft deployment. Finally, a branch of
the hybrid prosthesis was routed through the first inter-
costal space on the left side to be anastomosed to the
subclavian artery. Figure 4 and 5 demonstrate the ana-
tomic result on follow-up CT.

Fig. 1. Wide entry in the aortic arch

Fig. 2. Lusorian artery coming off the true lumen
(posterior view)
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Fig. 5. Posterior reconstruction view on follow-up CT scan

Case #2. This was a patient who had suffered
acute type A aortic dissection and had undergone aor-
tic valve and ascending aortic replacement 7 years
ago. He presented with large, dissected root aneurysm
(> 80 mm) as well as arch and proximal descending
thoracic aneurysms with persistent dissection down to
the level of the aortic bifurcation (Fig. 6 and Fig. 7). The
right axillary artery had already been utilized during the
index surgery. Thus, the right common carotid artery
was exposed, 8 mm vascular prostheses was sutured,
and the latter cannulated for arterial return. In addition,
the right femoral vessels were exposed and cannulat-

Fig. 4. Anterior reconstruction view on follow-up CT scan

ed. The aortic graft was adherent to the undersurface
of the sternum (Fig. 8). Due to the high risk of inju-
ry CPB was initiated and the aorta was dissected off
the sternum via an endoscopic right minithoracotomy
approach. Then the sternum was safely opened. Peri-
cardial adhesions were freed by a ultrasonic (Harmon-
ic) scalpel. In this patient the distal anastomosis of the
FET prosthesis was done at zone 0 due to size discrep-
ancy at the proximal descending aorta (> 80 mm with
a small perfused true lumen). The arch branches were
reimplanted to the arms of the hybrid graft. Figures 9
and 10 show the anatomic reconstruction on follow-up
CT three months later.

Fig. 6. A large, dissected root aneurysm
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Fig. 9. Posterior view of the stent-graft in the descending aorta

Case #3. This was a patient who presents with
thoracic aortic aneurysm starting from the sinotu-
bular junction to the mid descending aorta following
isolated aortic valve replacement due to bicuspid
aortic valve stenosis (Fig. 11). As there was no close
contact between the sternum and heart structures
resternotomy was straightforward. Cardiopulmonary
bypass was initiated via the axillary artery and fem-
oral vein. Bilateral antegrade cerebral perfusion was
initiated during circulatory arrest. AFET was implant-
ed as the distal aortic anastomosis was done at zone
2. Fig. 12 demonstrates correction of the aneurysm
on follow-up CT scan.

Case #4. This patient presented with a giant de-
generative aneurysm of the ascending aorta up to the
mid-arch measuring > 8 cm with aggressive mobile ath-

Fig. 10. Anterior view of the reconstruction

eromas inside (Fig. 13 and Fig. 14). CPB was initiated
by the right axillary artery and right atrium. Due to high
embolic risk the patient was cooled to 25 degrees and
deep hypothermic circulatory arrest was started with
unilateral cerebral perfusion via the right axillary artery.
Then the aorta was opened and heart protected. FET
prosthesis was implanted with the distal aortic anasto-
mosis done in zone 2. The left subclavian artery had
been pushed backward by the large aneurysm and had
to be extended by a vascular prosthesis. Fig. 15 shows
the stent-graft reaching the mid-descending aorta on
follow-up.

Case #5. This was a 29-year-old patient who has
undergone aortic valve reimplantation procedure and
now presents with high-grade aortic regurgitation and
an extensive periaortic hematoma with clear commu-
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nication with the left ventricle on computed tomogra-
phy (CT) scanning (Fig. 16 and Fig. 17). As the risk
of entering the hematoma during pericardial dissection
with subsequent exsanguination was real, the patient
was placed on peripheral cardiopulmonary bypass and
cooling was initiated to 25°C target temperature. Fol-
lowing sternotomy, extreme caution was exerted during
dissection of the distal aorta to free space for the aortic
cross-clamp and prepare the arch vessels in case cir-
culatory arrest is needed. Dissection of the right-sided
pericardium was done to place a vent through the pul-
monary vein. As the target temperature was reached
the aorta was cross-clamped and the hematoma was
safely opened along with the aortic prosthesis. Then
the proximal repair was completed.

[B03CTO01, Revolution Apex
Pat. ID: 9606104443 |
Std. ID: 835 M, 029Y/
Std. Descr.: TH AORTA Acc. #: 1568220.53198292]
Ser. #: 3 2025-09-16;
img. #: 139 i
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Zoom : 2.175
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Fig. 16. Periaortic hematoma is actively enhanced by the contrast

posteriorly

Fig. 18. Ascending aortic dissection with patent venous grafts

Case #6. This patient presented with an acute type |
aortic dissection following coronary artery bypass graft-
ing (CABG) surgery 10 years ago (Fig. 18). All grafts
were fully patent and had to be spared inasmuch as the
left main coronary artery was totally occluded. The pa-
tient was prepared for peripheral bypass and resternot-
omy performed. Near-complete dissection of the peri-
cardium was done before CPB was initiated. Before the
aortic cross-clamp a balloon catheter placed in the LIMA
graft just prior to operation in the cathlab was inflated
in order to optimize myocardial protection. At 25°C the
circulation was stopped, the aorta opened and selec-
tive unilateral brain perfusion contemplated. Then repair
procedures were performed with reimplantation of the
venous grafts into the aortic prosthesis (Fig. 19).

Fig. 17. The hematoma has a narrow communication with the left

ventricle beneath the aortic valve
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M
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Fig. 19. CT reconstruction on follow-up



The “Monster aorta” and how to deal with it

95

Case #7. This patient was similar to the previous
case in that he presented with type Il AAD following
CABG surgery several years ago (Fig. 20). An import-
ant difference was the close proximity of the dissected
aorta and bypass grafts to the sternal plate which ne-
cessitated initiation of peripheral CPB prior to sternoto-
my. The other strategies with regard to myocardial and
cerebral protection were similar to the aforementioned
case. An important decision had to be made about the
left main coronary artery which although patent and ste-
nosed was severely injured by the dissection. It could
not be reconstructed so it was suture ligated. No addi-
tional myocardial injury was sustained postoperatively.

Fig. 20. Dissection flap and patent grafts seen
in the ascending aorta

Fig. 22. A collage of large ascending aortic aneurysms

Case #8. This patient presented with contained
rupture of the ascending aorta (Fig. 21). He under-
went aortic valve replacement 5 years ago due to
bicuspid aortic valve regurgitation. However, his di-
lated aorta had not been addressed then. Peripheral
femoro-femoral bypass was started prior to sternot-
omy. The patient was actively cooled during peri-
cardial dissection. A place for the cross-clamp was
prepared and the hematoma left undisturbed. Fol-
lowing cross-clamp the aorta was opened, hemato-
ma cleared, and Bentall procedure performed. The
left coronary artery had to be extended with a vein
graft to reach the neoroot.

Fig. 21. Contained rupture of the posterior ascending aorta
extending around the pulmonary trunk

The following images are intraoperative pho-
tographs of monster aorta cases which visualize
how large a diseased aorta could be, virtually oc-
cupying most of the operative field.

Fig. 23. The aortic wall is so thinned out as the glove could be
seen through it
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Fig. 24. A collage of photographs after surgical replacement of a
monster aorta

RESuULTS

All patients were discharged from the hospital.
The hospital stay ranged from 7 to 25 days. ICU stay
ranged from 1 to 15 days. Two patients required pro-
longed mechanical ventilation (> 72 hours). Two pa-
tients developed oliguric renal failure necessitating

renal replacement therapy. Two pa-
tients developed complete atrioventric-
ular block and had a permanent pace-
maker implanted. One patient needed
inotropic support longer than 72 hours.
No patient required mechanical circu-
latory support (IABP/ECMOQO). One pa-
tient developed neurologic symptoms
in the early postoperative period (nys-
tagmus, clonic seizures, Babinski sign)
with small ischemic areas in the cere-
bellum on CT. Her symptoms, however,
underwent complete resolution within
4 days. No patient suffered spinal cord
injury. Despite the prolonged operation
no patient underwent reexploration for
bleeding. There were no sternal wound
complications on follow-up. No brachial
plexus injury was noted in any patient
with axillary cannulation.

DiscussiON

The term “monster aorta” is a
non-formal term describing extensive
thoracic aortic disease often requiring
advanced aortic surgery. From a mor-
phological point of view the monster
aorta encompasses one or more of the
following features — significant dilata-
tion exceeding surgical thresholds of-
ten more than 6 cm in more than one
segment, chronic aortic dissection with
persistently patent false lumen, exten-
sive atherosclerotic degeneration of the
aortic wall, impaired true lumen perfu-
sion with potential end-organ ischemia,
contained aortic rupture. Additional con-
ditions that contribute to the complexi-
ty of these cases are previous cardiac
or aortic surgery, aortic valve and/or
root pathology. The monster aorta phe-
notype usually necessitates at least
two-segment repair and in some cases
a staged or hybrid therapeutic strategy.
The FET is indispensable in certain pa-
tient anatomy to minimize the operative risk and afford
a second-stage endovascular repair.

The practical usefulness of the term “monster aor-
ta” is that it provides a concept which implies disease
severity, anatomical complexity and the consequent
technical challenges as well as the increased patient
risk. This underscores the importance of treatment of
such disease entities in high-volume centers with ex-
pertise in open, hybrid, and endovascular aortic inter-
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ventions with advanced cerebral and organ-protection
strategies [9].

This article shares our experience with several
monster aorta cases. Our prime purpose was to demon-
strate the surgical strategies we use in these complex
patients which we believe lead to optimal postoperative
results. First of all, the choice of cannulation site may
have a significant impact on outcome. Recent studies
confirm that there is no difference between central and
axillary cannulation in patient outcomes during aortic
arch surgery [10], [11]. However, our preference to pe-
ripheral cannulation is based on the no-touch concept
of the monster aorta since there is a high risk of em-
bolization or rupture on when cannulating such aortas
[12]. We prefer the axillary artery as it may easily be
converted from systemic return to selective brain per-
fusion during circulatory arrest as reported by other
groups [13]. As described previously it is cannulated
directly via the Seldinger technique through a limited
subclavicular incision. Direct cannulation of the axillary
artery is described elsewhere [14]. Femoral cannula-
tion is also used [15]when brain perfusion is not antici-
pated or as a complementary arterial return. However,
should brain perfusion become necessary, it may be
achieved by transostial cannulation of the arch vessels
with balloon-tipped cannulas under direct vision which
has been described by Kazui [16]. Venous drainage
is peripheral via the femoral vein when CPB is to be
started before sternotomy in some redo cases. Oth-
erwise, it is often central via the right atrium. A large
metaanalysis showed that peripheral cannulation in
thoracic aortic surgery does not lower the risk of neu-
rologic complications [17]. However, we assume that
cannulation of the axillary artery provides a safe alter-
native in grossly diseased aorta and facilitates cerebral
perfusion during circulatory arrest. Another practice in
redo cases, especially redo aortic surgery is the usage
of ultrasonic scalpel. There is evidence that it lowers
the incidence of cardiac injuries, major arrythmias, and
need for transfusions [18].

Cases #1 and #2 were performed with dual arterial
return. Some studies suggest that double arterial can-
nulation increases the risk of stroke in AAD type A [19].
However, these cases were specific in that there was
a risk of brain hyperflow which is why a second inflow
was included.

Circulatory arrest is established at 25° C as a
rule in our practice to have a margin of safety if un-
predicted events occur during arch reconstruction.
There are groups who describe hemiarch and even
total arch replacement under mild (28-30° C) sys-
temic hypothermia [20]. Other groups report inferior
outcomes of mild hypothermia in total arch replace-
ment (TAR) [21]. Most probably, the level of hypo-
thermia should be tailored to the anticipated duration

of circulatory arrest. As it was mentioned, antegrade
cerebral perfusion is a must during circulatory arrest
to limit the amount of brain injury [13]. There is a lot
of evidence that unilateral cerebral perfusion leads
to similar postoperative results as bilateral perfusion
[22]. Nevertheless, our group always favors bilat-
eral brain perfusion whenever possible during arch
reconstruction. In all cases the non-perfused arch
branches must be occluded by a tourniquet, a clamp,
or a Fogarty catheter to avoid excessive back-bleed
and steal phenomenon.

In case #2 we used the right carotid artery for ar-
terial return. The right carotid artery is an infrequent
choice for cannulation but presents certain advantages
over the other sites [23]. It was chosen in this particular
case because of the prior use of the right axillary artery.
Another specific was the tight adherence of the aortic
graft to the sternum. The video-guided transthoracic
approach to free the aorta from the sternal body was
successful in lessening the risk injury on subsequent
sternal reentry. Thus, the cardiothoracic surgeon needs
a wide and flexible surgical armamentarium to solve
such elaborate cases.

Transostial cannulation of the arch vessel is an
easy and effective technique to achieve cerebral per-
fusion during circulatory arrest. However, intimal injury
and dislodgment of atheroembolic material have been
described as causes of brain injury with this technique
[24]. Case #4 had severe grade V atheromas in her
ascending aorta and arch which precluded transostial
cannulation of the innominate and carotid arteries. She
had right-sided cerebral perfusion only which proved to
be effective.

Cases #5 and #8 had an acute periaortic hema-
tomas contained by adhesions of prior heart surgery.
The points of importance are to be stressed. Initiation
of peripheral CPB prior to sternal reentry, extreme cau-
tion during dissection of adhesions with the use of ul-
trasonic scalpel, and thorough understanding of the CT
anatomy of the lesion.

Cases #6 and #7 demonstrate a technique which
we successfully apply during redo procedures in the
setting of prior CABG. The patient is transported to
the cathlab where a balloon catheter is positioned into
the LIMA graft. The balloon is expanded to predefined
pressure to fully occlude the LIMA after the aorta is
cross-clamped and cardioplegia administered. This
technique obviates the need to dissect and unravel the
graft which could lead to its injury. This technique has
been reported by other groups [25].

Case #3 and #8 had both had an isolated aortic
valve replacement of their bicuspid aortic valve several
years earlier and now presented with aortic aneurysm/
dissection. This underscores the importance of always
considering replacement of the ascending aorta in the
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setting of bicuspid aortic valve surgery especially when it
reaches 45 mm in diameter along with other factors [26].

In two patients with total arch replacement the left
innominate vein was transected and ligated to enhance
exposure. No consequences were noted except mild
and reversible edema of the left upper limb. Ligation of
the left innominate vein is safe in selected patients with
no long-term sequelae [27].

CONCLUSION

The monster aorta phenotype has certain high-risk
features such as extreme aneurysm in several aortic
segments, chronic dissection, severe atherosclerosis,
which may be associated with redo surgery, proximal
aortic or aortic valve disease, or emergency conditions
as contained aortic rupture. The cardiothoracic surgeon
needs to be highly flexible with a wide set of technical
tools and skill to deal with these patients. They are best
treated in a multidisciplinary environment in a high-vol-
ume center to ensure the highest chance of uneventful
patient survival. Thus, the non-formal entity “monster
aorta” may be useful in-patient referral and comparison
between centers.

No conflict of interest was declared
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