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Abstract
Background: giant thoracic aortic aneurysms and aortic arch dissections are accompanied by high
mortality rates, cardiac and neurologic events and pulmonary complications. Aorta-tracheal �stula and
tracheobronchial compression are formidable and well-known complications of aneurysms of the
thoracic aorta. Twenty-two percent of aneurysms that size >6 cm are ruptured with 80% mortality rate.

Case presentation: a 56-year-old man with severe multivascular coronary artery injury and giant
aneurysm of ascending aorta and aortic arch, complicated by respiratory failure and recurrent
community-acquired pneumonia. Preoperative chest CT showed giant partially-thrombosed ampullary
false aneurysm of ascending aorta, aortic arch and initial part of the thoracic aorta, 80x100x65 mm in
size. Patient successfully underwent simultaneous surgical intervention with arti�cial blood circulation,
the total time of cardiopulmonary bypass was 190 minutes.

Conclusions: tracheobronchial compression syndrome with the aortic arch aneurysms is one of the
urgent conditions that needs emergency surgery. Urgent indications for surgery in such cases include
both signi�cant size of the aneurysm and high risk of rupture, as well as potential for developing critical
respiratory failure and recurrent nonresolving pneumonias. Preoperative CT enables to �nd out the exact
location and evaluate the degree of airway compression, which determines further intraoperative actions.
We recommend to use bronchoscopy at all steps of treatment of such patients, from intubation in
operating room to extubation in intensive care unit. Thus, aggressive surgical tactics along with careful
pre-operative diagnostic are the key to success and the only chance for such patients.

Background
Aneurysms and aortic arch dissections are associated with high mortality rates, cardiac and neurologic
events, pulmonary complications in either natural course or surgery treatment (1). In spite of advancing
cardiac surgery, improvement of anesthesiology, simultaneous aortic arch replacement and coronary
arteries are accompanied by high operative mortality and worsened intraoperative and postoperative
prognosis (2). Tracheobronchial compression is a dangerous and well-known complication of aneurysms
of the thoracic aorta. It generally occurs because of the close anatomic relationship of the aortic arch to
the trachea and the left main bronchus. Clinical manifestations are varying from asymptomatic
conditions to acute respiratory failure (3). (Many of the patients were either asymptomatic or otherwise
had catastrophic life-threatening events). Pulmonary complications, as a result of vascular compression,
can lead to tracheomalacia, recurrent pneumonias and aorta-tracheal (bronchial) �stulas. Therefore, the
treatment approach signi�cantly changes and the prognosis worsens (4).

Case Presentation
We describe a case of a 56-year-old man with severe multivascular coronary artery injury and giant
aneurysm of ascending aorta and aortic arch, complicated by airway compression, aorta-tracheal �stula
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and recurrent community-acquired pneumonia. He successfully underwent simultaneous surgical
intervention.

A 56-year-old man was referred because of breathlessness on exertion and at rest, prolonged cough with
bloody sputum production and hoarseness. His anamnesis reports that he has been suffered
hypertension for the last 10 years (the highest blood pressure recorded was 250/130 mm Hg) and has a
long history of smoking (30 years, smoking index 30 pack-year). Three years before he suffered from
ischemical cerebral circulation disorder in the middle cerebral artery district with complete regression of
focal neurological symptoms. Over the last two years he noted a decrease in exercise tolerance, increased
breathlessness and hoarseness. He was thought to have chronic bronchitis, however, no effect of
treatment antibacterial, mucolytic and local therapy was observed.

The patient was immediately hospitalized to intensive care unit as the clinical symptoms of respiratory
distress increased and stridor appeared. Preoperative chest CT (Fig. 1) showed giant partially-thrombosed
ampullary false aneurysm of ascending aorta, aortic arch and initial part of the thoracic aorta, 80 × 100 × 
65 mm in size (more pronounced on the lower wall of aortic arch).

However, the size of the contrasting part of the aneurysm was 66 × 67 × 45 mm, and the area of arising
branches of brachiocephalic arteries was not involved in the process. It should be mentioned that left
main bronchus, left pulmonary artery and the trachea (as in compartment syndrome over the bifurcation)
were strongly presses and pushed by aneurysm, less pressed were left pulmonary veins, esophagus and
azygos vein. Moreover, CT revealed also bilateral multisegmental pneumonia.

The patient thus had indications for aneurysmectomy. However, because of coexisting disease
bronchopulmonary infection and diagnosed community-acquired bilateral pneumonia, surgical operation
was postponed. Although therapy was carried out, and temporary regression of fever and reduction of
respiratory distress were observed, control lung CT showed new centers of in�ltration, increase of airway
compression with left main bronchus occlusion. Recurrent pneumonia against the trachea drainage tube
disorder was diagnosed.

Operation

Taking into account the supra-bifurcation compression of the trachea, as well as compression of the left
main bronchus, tracheal intubation was performed using bronchoscopy. Given the complete compression
of the trachea bifurcation and left main bronchus, at the initial stage, only the right lung was ventilated.

The right subclavian artery was isolated with parallel preparation of the great saphenous vein. After a
median sternotomy, LITA was isolated. Opening of the pericardium reveals enlargement of the ascending
aorta up to 5 cm, aortic arch aneurysm 10–12 cm in diameter with the involvement of the initial part of
the thoracic aorta, compression of the branches of the pulmonary trunk, trachea and left main bronchus.
Arti�cial blood circulation was performed by cannulating the right subclavian artery, right atrium with a
two-level cannula. In order to reduce the time of myocardial ischemia, the distal anastomoses of the
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coronary artery bypass were performed in parallel perfusion during the cooling process (target
temperature 26° C). The next step was to isolate the ascending aorta, and the aneurysmal sac was
delicately separated from the branches of the pulmonary artery. After clamping, the aorta was opened
with a transverse incision 1.5 cm above the sinotubular zone, blood cardioplegia was performed
antegrade at the mouth of the coronary arteries using the Cala�ore method (for 3 min). In addition, given
the critical stenosis of the coronary arteries, the cardioplegic solution was injected additionally through
the previously imposed autovenous shunts for 2 minutes. In the lumen of the dilated part of the
ascending aorta, signs of rupture and a small number of thrombotic masses were revealed. The
brachiocephalic trunk was clamped, visceral arrest and monohemispheral perfusion of the brain (under
the control of cerebral oximetry) began. The aortic arch is cut off from the brachiocephalic trunk, left
common carotid and left subclavian arteries. After opening the aneurysmal sac formed by the posterior
wall of the aortic arch and the initial section of the descending aorta, multiple signs of intimal rupture
were revealed in the lumen, as well as massive thrombotic masses (up to 400 g). The aneurysmal sac
was excised, the aneurysm bed in the posterior mediastinum was thoroughly sanitized with antiseptics,
and the affected aorta was cut off from its thoracic region within the "healthy" tissues. During the revision
of the trachea, no signs of tracheomalacia were detected, however, an aorta-tracheal �stula up to 2 cm
long was found, temporarily damped with an antiseptic napkin.

The next step was the total prosthetics of the aortic arch using a synthetic multi-branch prosthesis No.
28, the visceral arrest was completed, which was 60 minutes. Further, the end of the prosthesis is
anastomosed with the ascending aorta by the type of supracoronary prosthetics, and proximal
anastomoses with autoveins are formed. The time of aortic clamping was 100 minutes, cardiac activity
was restored independently, mammary-coronary bypass grafting was performed on parallel perfusion
during warming of the patient.

After exposure of the trachea and its separation from the surrounding tissues, under the control of
bronchoscopy, suture plasty of the postero-lateral wall defect was performed with 5 separate vicryl 4/0
sutures. Tightness control was also carried out using bronchoscopy. After decompression of the airways,
the endotracheal tube was repositioned - the left lung was successfully included. The total time of
cardiopulmonary bypass was 190 minutes. Intraoperative view after reconstruction (Fig. 2).

The patient was extubated 2 days after surgery, the duration of observation in the intensive care unit was
48 hours. It should be noted that the patient's extubation was performed after preliminary control
bronchoscopy for tightness of the trachea and patency of the left main bronchus. The patient was
discharged on the 14th day after the operation, with satisfactory echocardiography, laboratory tests and
no data for respiratory, heart and coronary insu�ciency. Dynamic computed tomography did not reveal
in�ltrative changes in the lungs and mediastinum.

At the control examination 6 months after the operation, the patient's somatic condition corresponded to
functional class 1 by NYHA. According to CT of the chest, the area of reconstruction of the aortic arch is
consistent (Fig. 3). Patency of the trachea and main bronchi has been restored.
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Discussion And Conclusions
Determining surgical indications for aortic arch aneurysms. Aortic arch pathologies often pose signi�cant
challenges to surgical or endovascular treatment. Conditions affecting the aortic arch relevant to the
vascular surgeon include degenerative aneurysms and the acute aortic syndromes (e.g. penetrating
ulcers, intramural hematoma and aortic dissections) (5). However, in 2019 EACTS and ESVS published an
expert consensus document in which they mentioned/listed less common/rare aortic arch pathologies,
such as: arteria lusoria, Kommerell diverticulum, traumatic, infectious, giant-cell and Takayasu's arteritis
(6).

The incidence of degenerative aortic arch aneurysms is increasing with advances of imaging. The growth
of aortic arch aneurysm is an indolent process with a mean annual growth rate from 0.07 to 0.2 cm/y (7).
Main risk factors include increasing age, female sex, presence of chronic obstructive pulmonary disease,
hypertension and positive family history (8). However, no researches specifying in aortic arch or rate of
expansion or the risk of true aneurysms rupture are presented. Scientists from Yale University report that
annual growth rate of aorta is about 1 cm/y and for aneurysms exceeding 6 cm in diameter rupture can
occur at 6,9% per year. The annual risk of rupture generally increases with the diameter growth, so they
recommend performing operative intervention when the aneurysms measures 5.5-6 cm (9). Moreover,
some other scientists state that aneurysm size beyond 6.5 cm is associated with faster expansion (with
an average rate of 2.5 mm/y) and hyperlipidemia (5). Twenty-two percent of aneurysms of that size
ruptured with 80% mortality rate, they note.

Tracheobronchial compression syndrome with the aortic arch aneurysms is one of the urgent conditions
that needs emergency surgery (3). There is no accurate data presenting the frequency of this
complication, although some researchers suggest 5–10% (10).

Airway compression syndrome is also an independent predictor of emergency surgery in patients with
double aortic arch, arteria lusoria, pulmonary artery sling, and Kommerell diverticulum (11). Most of the
authors consider urgent aortic arch surgery the only option for patients with tracheobronchial
compression syndrome.

Purpose of separate examination of indications for aortic arch surgical treatment as immediate is related
to existing relative contraindications for a surgery in conditions of CPB and visceral arrest in our patient.
A giant false aneurysm leads to tracheobronchial compression, which caused bronchial drainage
disruption. It resulted in nonresolving community-acquired pneumonia, which a priori complicated peri-
and postoperative prognosis.

The main risks of aortic arch interventions include neurological, cardiac, renal and pulmonary disorders in
the early postoperative period. Accordingly, the purpose of preoperational patient preparation is to
maximize the levelling of conditions which deteriorate the results of surgery with CPB and visceral arrest
(12).
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However, in case of our patient the emergency intervention seems justi�ed, as he had both vascular
(thrombosis, rupture and size more than 9 cm) and extravasal (tracheobronchial compression syndrome,
high degree of respiratory failure and as a result, fever due to pneumonia) indications for aortic arch
replacement. Also, considering the respiratory tract compression, complex therapy of pneumonia in this
case was not possible. This fact once again indicates the inexpediency and unsuccess of conservative
therapy in the tracheobronchial tree block and the justi�cation of urgent surgery.

Ways to improve the results of simultaneous total prosthetic replacement of the aortic arch and coronary
bypass. Simultaneous coronary arteries bypass graft is performed in 15–30% of all patients with aortic
arch surgeries (13). CABG following the total prosthetic replacement of the aortic arch is considered as
signi�cant risk factor of increased operative mortality and morbidity (2). However, in a number of modern
works it is suggested that there is no signi�cant difference in mortality rate between patients with and
without simultaneous coronary revascularization (14). For this reason, it seems relevant to optimize
coronary bypass in this patient cohort via minimizing the period of CPB time and myocardial ischemia.

For that purpose, in our patient's case, distal anastomoses of autoveins with obtuse marginal artery and
posterior descending artery of right coronary artery were carried out on parallel perfusion during cooling
process and proximal – during warming process.

Further, mammary coronary bypass of anterior interventricular artery was performed on parallel CPB
during patient warming.

Chosen approach is con�rmed by a number of major studies. For example, Toshihiro Fukui presents a
similar order of coronary artery bypass graft in 56 patients who underwent total prosthetic replacement of
the aortic arch (2). The fatality rate in the examined group was 3.6% (2 patients), and it had no
connection to follow-up coronary bypass. Postoperative coronary bed CT was performed in 51 patients
and revealed complete permeability of all anastomoses. Similar technique of myocardial
revascularization in patients with aortic arch pathology is followed by Yokoyama H. (except of the LITA
use) (13).

It stands to mention that the use of the LITA graft is controversial in patients with total prosthetic
replacement of the aortic arch. Thus, Yokoyama H. did not use these grafts due to the reasons, which
include 1) the possibility of cardioplegia administration through free grafts after forming the
anastomoses; 2) hemodynamic instability after arch replacement (which is not uncommon for this
complex operation) can decrease blood �ow in small compressed LITA; 3) anastomosis of the LSA with
the prosthesis can predispose to LITA dissection (13). Whereas, Kuniyoshi et al. used LITA for
revascularization of anterior interventricular branch in this group of patients with good permeability
indications con�rmed by coronaro/shuntography (15). Several authors recommend LITA for coronary
bypass in patients undergoing total arch replacement due to the proven long-term permeability of this
graft, and also based on evidence that myocardial infarction is one of the main causes of late
postoperative death in this patient cohort (13).
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We believe that usage of LITA graft as a conduit is a choice for the anterior interventricular branch
revascularization in all patients, including those who need aortic arch surgeries.

Optimization of anesthesiological practices and surgical approach for vascular compression of the
respiratory tract. Trachea intubation, providing of optimal and safe arti�cial lung ventilation is a
signi�cant problem in patients with large aortic arch aneurysms which are accompanied by airway
compression. It may be explained by the expressed anatomical distortion due to vascular compression
(16). Trachea intubation in such cases can be performed with endotracheal tube with a double lumen on
the left or right side if there is signi�cant compression of the entrance to the left main bronchus (17). A
number of authors mention the danger of using a left-side double-lumen tube in patients with the
compression of the left bronchus trunk bottom, as using of ALV in this method increases the risk of
aneurysm rupture. In addition, contraindications for the use of double lumen tubes include anatomical
aspects, such as damage of the cardinal or bronchial veins, coarctation and vessel compression by aortic
aneurysm (16). Most thematic publications point to the vital importance and effectiveness of
intraoperative bronchoscopic monitoring while airway decompression (18). In such cases, the �exible
bronchoscope allows to inspect all available areas of the respiratory tract, evaluate the properties of
endoluminal tissue of walls and carry out effective direct puri�cation of the remaining excretions after
decompression (3).

In case of our patient, we preferred to use a single lumen tube, and trachea intubation was controlled by
bronchoscopy. Constant monitoring within the lumen allowed us to control decompression results, and to
turn on the left lung after releasing the main trunk of the left bronchus. Distinction of our case is aorta-
tracheal �stula found after aneurysm dissection and complete release of the trachea. Turning to the
literature, we found that most modern works describe the successful decompression of the respiratory
tract after aneurysmectomy and absence of the need for prosthetics or endovascular repair of trachea
and bronchi (19). However, the literature describes the case of tracheomalacia detected intraoperatively
after resection of the syphilitic aneurysm of the aortic arch, which was successfully corrected by
implantation of a 14 mm Y-shaped silicone stent explanted after 6 months with complete stabilization of
tracheal and main bronchi walls (20). Treatment of irreversible compression lesions of trachea involves
straight or step-by-step reconstruction. However, in cases with cardiosurgical patients, these methods
may not be applicable due to development of life-threatening respiratory failure. Most authors con�rm the
effectiveness and safety of implantation of the above-described temporary endotracheal stent as an
alternative to reconstructive airway interventions (21). After aneurysmectomy and airway decompression,
control bronchoscopy revealed no signs of tracheomalacia, which allowed us to eliminate �stula
performing only effective suture plastic of trachea. Therefore, regardless of the presence or lack of
integrity of trachea or bronchi wall, for patients of this group we recommend to use bronchoscopy at all
stages of treatment, from intubation in the operating room to extubation in the intensive care unit.

Modern view on aortic arch surgery. Since Hans Borst described the "elephant trunk technique” in 1983,
many cardiac surgery centers have accumulated enormous experience in performing this operation (22).
Over the years, new improvement methods of a complex aortic arch repair were developed and widely
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implemented. The most important developments now include synthetic multi-branch prostheses,
homographs, stent grafts, all of which have become commercially available over the past decade (12).

We believe that multi-branch prosthesis has a number of advantages justifying its routine usage in
complex aortic arch repair. Thus, there is a potential to minimize the visceral arrest time and the period of
myocardial ischemia. In addition, hemostasis signi�cantly improves, and patients with connective tissue
diseases potentially reduce their risks of repeated interventions (23, 24).

It should be noted that the experience gained in aortic arch surgery allows to identify preferred
"candidates" for a particular graft. Thus, some authors recommend implantation of freshly frozen
homographs to patients with DeBakey type I aortic dissections and do not recommend their usage for
people with Marfan syndrome due to the high risk of reoperations (25). Developing over the last years
endovascular and hybrid techniques for implanting stent grafts in the treatment of aortic arch aneurysms
may be useful, but they are still associated with a number of technical and economic di�culties, and with
the high risk of neurological complications (26).

In case of our patient, use of a synthetic multi-branch prosthesis was the only option. We assume that
frozen homografts are preferable to relatively "scheduled" patients, and the endovascular technique in
that case didn't allow us to perform airway decompression.

Patients with aortic arch aneurysms may develop an airway compression. Urgent indications for surgery
in such cases include both signi�cant size of the aneurysm and high risk of rupture, as well as potential
for developing critical respiratory failure and recurrent nonresolving pneumonias. Preoperative CT
enables to �nd out the exact location and evaluate the degree of airway compression, which determines
further intraoperative actions. We recommend to use bronchoscopy at all steps of treatment of such
patients, from intubation in operating room to extubation in intensive care unit. Surgical planning and
accurate preoperative diagnostic are essential to a successful outcome in case of these patients.
Simultaneous aortic arch replacement and coronary bypass needs further optimization of time for
myocardial ischemia.

Patients with large degenerative aortic arch aneurysms may have airway compression. Urgent indications
for intervention in case of such patients include not only the signi�cant size of the aneurysm but also
high risk of rupture, and potential for developing critical respiratory failure and recurrent nonresolving
pneumonias. Pre-operative CT scan allows to clarify the location and degree of airway compression,
which determines further intraoperative tactics. We recommend to use bronchoscopy at all stages of
treatment of similar patients - from intubation in the surgery room till extubation in the intensive care.
Thus, aggressive surgical tactics along with careful pre-operative diagnostic are the key to success and
the only chance for such patients.

Literature data analysis revealed no published cases of CHD in combination with thoracic aortic
aneurysms, with obstructive respiratory complications and aorta-visceral �stulas. Simultaneous aortic
arch replacement and coronary bypass require optimization aimed to reduce myocardial ischemia time.
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Figures

Figure 1

CT-scan: Aneurysm compresses the trachea and left main bronchus. A) Coronal view; B) Axial view (the
white arrow indicates the left main bronchus); C) 3D reconstruction
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Figure 2

The �nal view after operation. Thoracic aortic aneurysm replaced with synthetic prosthesis and coronary
artery bypass grafting was performed. The arrow indicates the area of the aorta-tracheal �stula
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Figure 3

Chest CT scan 3 months after surgery: A) the aortic prosthesis is functioning well; B) the patency of
trachea the left main bronchus is restored (the left main bronchus is indicated by a white arrow)


