®

Check for
updates

Update in the Management of Non-
traumatic Thoracoabdominal

35

Vascular Emergencies

Stefano Pirrelli, Alessandro Mazzola, Giulia Ticozzelli,
Isabella Maria Bianchi, Maria di Matteo,

and Pietro Quaretti

Key Points

e Under anesthesiological point of view, in emer-
gency always monitor right radial artery (in endo-
vascular repair) and left femoral artery (in open
repair) and position a single endotracheal tube in
endo-repair or double-lumen in open repair. Always
CSF is mandatory, in open repair, while in endo
repair only if extensive coverage is expected.

* In emergency, open technique always prepare the
patient for extracorporeal cannulation and cooling
especially in dissecting aneurysm.

e Inemergency, if possible, an endovascular approach
is preferable.
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* The 24-h availability of various sizes of thoracic
graft and cover graft, in your hospital, allows you to
treat with an endovascular technique almost all the
patients.

e The patient must be treated in centers with experi-
ences in both techniques open and endovascular.

35.1 Epidemiology

Improvement in imaging modalities has led to increased
diagnosis and awareness of thoracoabdominal aortic dis-
eases and their potentially lethal outcome. Despite progress
in anesthetic and surgical management, open and endovascu-
lar repair of the thoracoabdominal aorta has remained a chal-
lenging operation with potential catastrophic complications
as paraplegia and renal failure. Sound judgment is required
to decide whether or not an elective operation is justified.
This should be based on an understanding of the natural his-
tory of thoracic aortic pathology. Etiology of thoracoabdom-
inal pathology has been divided into two groups, dissecting
and nondissecting. Atherosclerotic or degenerative etiology
is the main nondissecting etiology for approximately 80% of
these aneurysms. Dissecting thoracoabdominal aneurysms
have been associated with an increased production of symp-
toms and an increased risk of death from rupture. The pres-
ence of dissection decreased the 5-year survival in patients
with TAAA from 71% without dissection to 46% if the aneu-
rysm was associated with dissection. The male-female ratio
was established to average 2:1 for nondissecting pathology.
This gender ratio increased to an average of 3:1 for dissect-
ing pathology. Gender difference was found to have no
impact on the risk of rupture and the expansion rate of aneu-
rysms, while the female sex was found to be associated with
an increased risk of postoperative death [1]. Patients often
have a high prevalence of comorbidities like hypertension
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(83%), coronary artery disease (35%), peripheral artery dis-
ease, and visceral occlusive disease (25%). Furthermore,
chronic renal failure and chronic obstructive pulmonary dis-
ease were found to be predictive variables of early postop-
erative death.

35.2 Classification

Thoracoabdominal aneurysms can be classified according to
the Crawford classification into four types with the adjunct
of the fifth type by Safi (Fig. 35.1). Type I aneurysm extends
from the level of the left subclavian artery to renal arteries.
Type II involves the entire thoracic descending aorta at the
level of the left subclavian artery, all the visceral branches,
and finishes to the iliac arteries. Type III usually begins distal
to T6 level extending to the iliac bifurcation. Type IV
involves the supra-celiac aorta, at or below the diaphragm, to
the iliac bifurcation, Safi’s type V starts from middle descend-
ing to the renal arteries.

This classification still has an importance since it
concerns the extent of the pathology, and it reflects the
operative approach. The extent of involvement in the tho-
racoabdominal aorta is not associated with an increased
risk of rupture.

The indication to proceed with operative repair of a
TAAA must be based on the available information on the
natural history of TAAA and the results of surgical repair.
Data on the expansion rate and the risk of rupture of abdomi-
nal aortic aneurysms has led to clear recommended indica-
tions to proceed with operative repair for a 5 cm and greater
or with rapid expansion. The information that a large aneu-
rysm has a higher risk of rupture than a smaller one has been
known for decades. The size of the aneurysm plays a role in

surgical decision-making only when many other factors must
be weighed in the scales of judgment. In a young good-risk
patient, it is reasonable to proceed with AAA repair even for
an aneurysm smaller than 5 cm although we do know the risk
of rupture to be minimal. This rationale does not apply for
small thoracoabdominal aneurysm because of the higher
operative risk. The main criteria have remained the size.
Patients with symptomatic aneurysms greater than 6 cm have
a decreased 5-year survival of 61.1% versus 38.2% (size less
than 6 cm). The presence of symptoms, of course, increases
the risk of rupture. Knowledge of the expansion rate of the
aneurysm is essential to properly manage small aneurysms
which might be observed with serial CT scan. The estimated
change in maximal diameter was found to be 0.43 cm per
year. The presence of chronic obstructive pulmonary disease
is the only factor associated with an increased expansion
rate.

35.3 Diagnosis

Transesophageal echocardiography (TEE) has been the first-
choice technique for a long time for the advantage to be per-
formed in emergency and OR. The diagnostic sensibility is
very high (98%) similar to NMR and spiral CT; however the
specificity is inferior (77%) due to false positive secondary
to artifacts in the dilated aorta. Limits are the availability of
an expert operator and the reduced visualization of the aortic
arch for the presence of the left main bronchus. CT scan rep-
resents the diagnostic gold standard for the thoracoabdomi-
nal aorta with a sensibility of 94% and a specificity of 87%.
The possibility of 3D reconstruction allows evaluating the
coronary involvement and the exact morphology of the dis-
sected flap.
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Fig.35.1 Classification of aneurysms of dissecting and nondissecting origin according to the Crawford in four types with the adjunct of the fifth

type by Safi
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35.4 Treatmentin Emergency

35.4.1 Patient Preoperative Assessment
in Emergency

The preoperative assessment is crucial for the anesthesiolo-
gist to evaluate the real physiopathological status, evaluating
the standard blood tests, stratifying the correlated risk, and,
when possible, optimizing the medical therapy to improve
the outcome [2].

In an urgent-emergent setting, this could not be possible
because of the short period available. So what is the “ideal
bundle care” in this situation? The anesthesiologist work
must be focalized on feasible and efficient, but not time-
consuming, protective organ strategies. Cardiac assessment
should be used as an important criterion to evaluate the real
functional capacity, because a poor one, measured as meta-
bolic equivalents (METs), is associated with an increased
incidence of postoperative cardiac events. MET's evaluation
can be useful to understand if the patient could fit for open
repair (with very aggressive surgical approaches such as
thoracotomy) or for an endovascular procedure (suitable
anatomy), which represents a therapeutic solution for the
high-risk patient. Preoperative plasma levels of biomarkers
like cardiac troponins T and I, measured even in the postop-
erative days, are useful due to their sensibility and specific-
ity. Other biomarkers such as pro-BNP and BNP, corrected
for factors like renal dysfunction or obesity, should be con-
sidered. Pulmonary assessment is important too: chest
X-ray and arterial blood gas analysis can be performed eas-
ily and quickly. The anesthesiologist must know if there is
any evidence of tracheal or bronchial compression by the
aneurysm. During open repair (OR), one-lung ventilation
with a left-side double-lumen endotracheal tube (DLT) is
necessary to proceed to left thoracotomy (during AATA type
I, II, and III repair). Renal assessment is another important
issue because of the high risk of renal injury following both
the surgical and the endovascular approach. A protocol to
prevent contrast-induced nephropathy (including hydration,
administration of N-acetylcysteine, withdrawal of potential
nephrotoxic drugs) must be undertaken as soon as possible.
Arterial blood gas analysis can demonstrate a status of met-
abolic acidosis related to previous renal impairment. The
hemostatic status is often altered, due to the vascular pathol-
ogy and to patients’ therapy. Most of the vascular patients
take antiplatelet agents. The functional platelet assay could
help to identify the therapeutic window to reduce the bleed-
ing risk and to perform one of the most invasive anesthesio-
logical procedures more safely, the cerebrospinal fluid
(CFS) drainage [3]. According to the literature, there is a
wide range, from 4 to 30%, of patients taking clopidogrel
that are not responders to the drug: in this subgroup, with

high on-treatment platelet reactivity, we could consider to
perform CFS drainage in hemodynamically stable patients.
The presence of an anticoagulant therapy with vitamin K
antagonists (VKAs) should be checked with laboratory
standard tests and, if available, with the point-of-care (POC)
viscoelastic tests such as thromboelastography (TEG) or
rotational thromboelastogram (ROTEM). The effect of the
anticoagulant therapy must be antagonized with the admin-
istration of prothrombin concentrate complex (PCC) at the
recommended dose of 25 up to 50 Ul/kg, related to patient
body weight and the INR value, and the administration of
vitamin K 10 mg IV. The exact reversal of the drug can be
monitored by laboratory standard tests or using POCs. The
goal is to achieve an INR value below 1.5 as early as possi-
ble. Recent guidelines suggest the use of four-factor PCCs
because it is a balanced drug, thanks to the presence of anti-
coagulant factor proteins C and S. The reversal of direct oral
anticoagulants (DOAC) is more complex because the anti-
dote for thrombin inhibitor (dabigatran), idarucizumab, is
not widely available and the antidote for direct factor Xa
inhibitors (rivaroxaban, apixaban, and edoxaban) is in
experimental phase. As first-line therapy, four-factor PCCs
can be used. We can monitor the efficacy of the reversal
therapy with POC. The PCCs available on market available
as three (II, IX, and X) or four factors (II, VII, IX, and X),
allow for a rapid re-coagulation of the patient in order to
avoid fresh frozen plasma and its transfusional collateral
effects, such as hemodilution, allergic reaction, transfusion-
related acute lung injury (TRALI), and transfusion acute
cardiac overload (TACO) [4]. Once the patient is “recoagu-
lated,” we can proceed with the invasive anesthesiological
procedures, in stable patients. All these procedures require a
short time (up to 1 h) to be performed, and they can be cru-
cial for end-organ protective strategies.

35.4.2 Intraoperative Management

Five-lead electrocardiogram is used to detect early signs of
myocardial ischemia through the continuous monitoring of
D2-V5 derivations. Right radial (or brachial) and right femo-
ral artery lines are fundamental to measure, respectively,
arterial pressure in the upper part of the body and the distal
aortic perfusion pressure during partial cardiopulmonary
bypass (CPB). Temperature control is important too: bladder
and nasopharyngeal probes are required, in order to control a
mild permissive hypothermia (core temperature of 32-34 °C)
to prevent neurological injuries (paraparesis, paraplegia).
The use of intraoperative monitoring with transesophageal
echocardiography can help to guide the placement of the
venous cannula of the CBP ant to detect any cardiac dysfunc-
tion. Because of the possibility of severe bleeding during
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OR, a large-bore central catheter must be available (best 12.5
Fr high-flow) and additional central venous line may be dis-
posable (the “double-stick” technique is simple and feasible
using echo-guide, providing two large-bore catheters in the
same central vein, usually right internal jugular vein). A
rapid high-flow infusion device is fundamental to treat blood
losses immediately and effectively. A goal-directed hemo-
static therapy is essential to optimize the coagulation status
and to reduce transfusions. TAAA repair is associated with a
major risk of intraoperative bleeding and coagulopathy. This
is related to several factors: hypothermia, acidosis, hemodi-
lution, surgical bleeding, heparin administration, and con-
tinuous activation of the coagulation with consumption of
clotting factors and fibrinogen. Heparin reversal could repre-
sent a major challenge for the anesthesiologist, and it could
be guided by POCs; TEG and ROTEM can show residual
heparin comparing reaction time R-kaolin TEG or clotting
time CT-INTEM, respectively, with and without adding hep-
arinase to the cuvette. Other pro-hemorrhagic factors are
thrombocytopenia, platelet dysfunction, and hyperfibrinoly-
sis. All these alterations may be monitored and corrected
using POC coagulation tests [5]. Thrombocytopenia and
platelet dysfunction can be treated with platelet concentrate
transfusion; hyperfibrinolysis, monitored by D-dimers, FDP,
and viscoelastic tests, can be treated with antifibrinolytic
drugs such as tranexamic acid (TXA) at a dose of 12.5 mg/
kg. In case of a severe bleeding, fibrinogen is the first factor
to decrease critically, and its rapid restoration must be con-
sidered. The value of fibrinogen can be measured either by
laboratory test (conventional Clauss method) or with
POC. The viscoelastic tests measure clot firmness (TEG-MA
maximum amplitude, ROTEM-MCF maximum clot firm-
ness), which is determined by fibrinogen and platelets.
Fibrinogen levels can be evaluated by using tests (TEG-FF
and ROTEM-FIBTEM), which eliminate platelet contribu-
tion to clot strength [6]. The trigger value to fibrinogen
administration is debated: Ranucci et al. propose a value of
115 mg/dL as a trigger value for fibrinogen supplementation
in cardiac surgery [7]. Fibrinogen can be supplemented with
different strategies. Fresh frozen plasma (FFP) is widely
used to achieve this aim, but it contains fibrinogen at variable
concentrations, and, consequently, large volumes are needed
(about 30 mL/kg FFP increase fibrinogen concentration by
1 g/L). Hence, fibrinogen concentrate could be an effective
and safer alternative, thanks to its high concentration (20 g/L)
[8]. However, the concentrate is still not available to treat
acquired bleeding in the UK and USA. Thus, we can affirm
that the need of transfusion of allogenic blood components
may be reduced and optimized targeting “all the prohemo-
static strategies” guided by POC viscoelastic test (real-time,
bedside, and time-sparing) or standard laboratory test. After
the surgical or endovascular planning (aneurysm extension,
coverage or reimplantation of left subclavian artery, cover-

Table 35.1 Summary of anesthesiological management in urgent-
emergent setting of AATA

Anesthetic

management in

urgent/emergent

setting Endovascular Open repair

Arterial line Right radial artery Right radial and femoral

(planned with surgeon)
Single endotracheal
tube

artery

Left-side double-lumen
(verifying the correct
position with fiberscope)
Right internal jugular
vein with “double-stick”

Endotracheal
tube

Central venous
access

Right or left internal
jugular vein (echo-

guide preferentially) technique for seven of
two large-bore catheters
Temperature Nasopharyngeal Nasopharyngeal and
probes bladder
CSF drainage Yes for extensive aortic  Yes if AATA types I, II,
coverage, coverage or  and III
reimplantation of left
subclavian artery
NIRS Cerebral and spinal Cerebral and spinal
MEP and SSEP  Not available Not available
POC Recommended Recommended

age or reimplantation of the intercostal arteries, status of pel-
vic circulation, and previous abdominal aortic surgery), we
would have to proceed with the insertion of CBF drainage
(usually a 16-g needle), just before the final positioning of
the patient. It must be inserted at the level of L3-L4, and the
cerebrospinal fluid pressure (CBFP) must be monitored in
continuous in order to measure the cerebrospinal fluid perfu-
sion pressure.

Ischemic spinal cord injury (SCI) remains the most devas-
tating complication after TAAA repair by any modality.
Main risk factors for SCI after TAAA repair are listed in
Table 35.1. The risk of SCI may also be described according
to the “Crawford classification,” [9] even with the recent
advances in neuroprotective strategies, and CSF drainage
types I and type II remain the categories associated with the
highest percentages of SCI (Fig. 35.1). TEVAR offers a less
invasive approach, but it is still associated with a significant
risk of SCI. Crawford et al. reported a significant increase in
the incidence of permanent SCI for ruptured thoracic aneu-
rysm compared to elective repair [10]. In a more recent case
series, Gaudino and colleagues reported that the risk of SCI
was not significantly higher in the ruptured group [11]
(Table 35.2, Fig. 35.2).

Monitoring spinal cord viability is crucial to prevent
SCI. The use of motor-evoked potentials (MEPs) and
somatosensory-evoked potentials (SSEPs) has been reported
to guide therapeutic maneuverers (CSF drainage, MAP aug-
mentation, and CVP lowering) during TAAA repairs. Even
though evoked potentials are widely accepted, they are chal-
lenging, invasive, and not available for postoperative surveil-
lance. The use of NIRS has been proposed for monitoring
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SCI. According to the “collateral network™ concept [21],
blood supply to the spinal cord is provided by a rich network
of intra- and paraspinous arterial collaterals that enables suf-
ficient blood flow when segmental arteries are occluded.
NIRS optodes used to detect paraspinous muscle oxygen-
ation may provide an indirect, noninvasive, real-time moni-
toring of spinal cord blood flow. In particular, monitoring
paraspinous vasculature at lumbar level seems to identify
spinal malperfusion during TAAA repair. NIRS measure-
ments can be easily performed in the postoperative period for
delayed SCI detection [22, 23]. Performing cerebrospinal
fluid drainage (CSFD) is suggested as a class I recommenda-
tion, level of evidence B in high-risk patients undergoing
both open repair and endovascular thoracic aortic repair, by
current American Heart Association guidelines [24]. Several
studies also support the effects of CSFD in preventing SCI
[16, 19, 25-27]. On the other hand, important complications,
such as subdural hematoma, have been reported [28, 29].
Complications of CSFD include those related to lumbar
puncture, the presence of an indwelling catheter, and those

Table 35.2 Mechanisms of SCI in open repair and during TEVAR
(adapted from ETZ [12])

Open repair
Prolonged aortic
cross-clamping

Tevar

Covering of the left subclavian artery,
intercostal and lumbar segmental arteries,
hypogastric and sacral arteries

Decrease in mean arterial Previous distal aortic surgery
pressure

Increased in CSF
pressure

Insufficient distal
perfusion

Arterial steal
phenomenon via patent
segmental arteries
Reperfusion injury
Thrombosis of spinal
cord-supplying vessels

Severe peripheral vascular disease

2.5 -24%
10%

19%

Fig.35.2 Incidence of SCI
according to aneurysm extent
reported by experienced
centers for TEVAR and open
TAAA repair. Yellow figures
refer to TEVAR, while black
ones represent open repair
data [13-20]

Type |

5.4 -22%

connected to CSF drainage. In the setting of an urgent TAAA
repair, CSFD should be used as protective measure only as
the emergent situation may allow [30]. In fact, in a situation
of hemodynamic instability, CSFD can be impracticable [31]
like other organ-protective strategies. Furthermore, in the
urgent TAAA repair, the risk associated with CSFD can be
even higher because of concomitant coagulopathy or ongo-
ing antiplatelet/anticoagulant therapy. Again, the use of
point-of-care coagulation tests and a goal-directed, selective
hemostatic approach might guide a safe CSF drain insertion.
In literature, there is only a case report of such use of throm-
boelastometry to guide hemostatic therapy before CSFD
placement and extraction in a patient with severe coagulopa-
thy undergoing TEVAR [32]. Insertion of the lumbar CSF
drain should ideally be performed in the awake patients, at
L2-1.4 level. CSF should be drained to maintain a pressure
less than 10-15 mmHg. If signs of SCI develop, lowering
goal pressure should be considered. In order to minimize the
risk of intracranial hypotension and subdural hematoma, no
more than 10-15 mL/h should be drained [12, 33]. Initial
results with an automated, pressure-controlled system for
CSF drainage have been reported. The spinal drain is gener-
ally maintained for 48—72 h if no symptoms of SCI develop.
In case of delayed SCI, repeated drain placement has to be
taken into account.

35.4.3 Open Surgical Technique

The surgical approach in emergency does not differ from
one of the elective cases. The approach depends on the his-
tory of the patient (previous operations) and from the exten-
sion of the aneurysm. In case of previous arch surgery with
a median sternotomy, it is important to guarantee a proxi-
mal control which can be reached through a fourth space
left thoracotomy extended with a transversal sternotomy
which can give the possibility to proceed to cannulation of

2.6 -13%
5%

1.4-2.2%
3%

Type Il Type lll Type IV
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Fig. 35.3 View from the head of the patients: a thoracophrenolaparot-
omy has been performed and a surgical exposure of the whole thora-
coabdominal aorta is reached

Fig.35.4 The surgical exposure of femoral vessels can allow the can-
nulation to start with femoro-femoral extracorporeal circulation

supra-aortic trunks. In this case, the surgical isolation of the
left axillary artery can give support for perfusion. The tho-
racotomy must be extended, depending on the level of the
aneurysm in a radial phrenotomy and pararectal laparot-
omy. A second thoracotomy in the seventh space may be
required. Visceral vessels and renal vessels must be accu-
rately isolated at their origin (apart from the right renal
artery) with vessel loops to prepare it for cannulation
(Fig. 35.3). The aortic bifurcation can be easily reached,
and also the origin of the right common iliac artery can be
obtained without problems through extra- or transperito-
neal space.

The surgical exposure of femoral vessels can allow the
cannulation (Fig. 35.4) to start with femoro-femoral extra-
corporeal circulation.

Once the aorta is clamped proximally, a second clamp can
be positioned just 10—15 cm below to guarantee, during the

Fig. 35.5 The proximal anastomosis can be done with a 4/0 Prolene
and must be reinforced with Teflon pledgets and with a glue

proximal anastomosis, the perfusion of visceral and intercos-
tal arteries. The proximal anastomosis (Fig. 35.5) can be
done with a 4/0 Prolene and must be reinforced with Teflon
pledgets and with a glue.

The proximal anastomosis can be done with a 4/0
Prolene and must be reinforced with Teflon pledgets and
with a glue.

In the thoracoabdominal aorta, a multibranched graft is
used and no segment of the native aorta left (Fig. 35.7). This
is true especially for genetic disease in which a late dilatation
of the aorta can be observed. After the completion of the
proximal anastomosis, the clamp is moved down along the
aorta above the origin of the celiac axis, and a meticulous
reimplantation of the intercostal arteries is achieved
(Fig. 35.6).

Once the intercostal anastomosis is completed, a dedi-
cated line of the arterial line is used for blood perfusion of
spinal cord (Fig. 35.6).

The anastomosis on the intercostal arteries can be per-
formed variously and reattached on the aortic graft in differ-
ent shapes: C-shape (Fig. 35.7) or Y-shape (Fig. 35.8). Then
the clamp is moved to the aortic bifurcation, the extracorpo-
real perfusion through the femoral artery is lowered for per-
fusion of the left hypogastric artery, and a complete separated
cannulation of visceral vessels is achieved (Fig. 35.9).

Each visceral vessel is sutured with an end-to-end anasto-
mosis to each branch of the graft and reinforced with a Teflon
pledget (Fig. 35.10). After the completion of each anastomo-
sis, the vessel is perfused with antegrade flow from the aortic
graft (Fig. 35.11).

Then the diaphragm is reconstructed completely together
with the integrity of thoracic and abdominal wall. A double
drainage tube is positioned into the pleural space in paraver-
tebral and supradiaphragmatic position and an additional
drainage tube into the retroperitoneal space. No need for
coverage of the graft.
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Fig. 35.6 Once the intercostal anastomosis is completed, a dedicated
arterial line is used for blood perfusion of spinal cord (p)

Fig.35.7 The anastomosis on the intercostal arteries can be performed
variously and reattached on the aortic graft in different shapes: C-shape

35.4.4 Endovascular Techniques in Emergency

In emergency, it is difficult to obtain a fenestrated graft
because of the need for customization. So the possibilities of
endovascular treatment in emergency are (1) the chimney-
sandwich technique for atherosclerotic aneurysm and (2) the
exclusion of the false lumen expansion in a patient with pre-
vious TEVAR in a dissected aorta.

35.4.4.1 Sandwich Techniques

for Atherosclerotic Aneurysms

This technique, first described by Lobato [34], consists in
the exclusion of the aneurysm with a double endovascular
graft covering all the diseased aorta with revascularization
of visceral vessels in the space between the grafts
(Fig. 35.12).

Fig.35.8 The anastomosis on the intercostal arteries Y-shape

Fig. 35.9 The extracorporeal perfusion through the femoral artery is
lowered for perfusion of the left hypogastric artery and a complete sep-
arated cannulation of visceral vessels is achieved

With this technique, it is necessary to proceed to a surgi-
cal isolation of both the femoral and omeral arteries. In
Figs. 35.13 and 35.14 is shown the CT scan of a huge 10 cm
of diameter Type III thoracoabdominal aneurysm who
arrived in emergency with thoracic pain.
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Fig. 35.10 Each visceral vessel is sutured with an end-to-end anasto-
mosis to each branch of the graft and reinforced with a Teflon pledget

Fig. 35.12 An example of a “sandwich technique” with two thoracic
PTFE grafts (Gore™) positioned and cover grafts for visceral vessels

Fig.35.11 After the completion of each anastomosis, the vessel is per-
fused with antegrade flow from the aortic graft

In this case, a 12 Fr introducer sheet 30 cm long is bilater-
ally introduced into the omeral arteries. From each side, it is
possible to cannulate the renal arteries and the SMA and
celiac trunk (Figs. 35.16, 35.17, and 35.18). Once the vis-

ceral vessels are cannulated, the first thoracic graft is Fig.35.13 A patient idoneous for the sandwich procedure (pre-op CT
advanced through one femoral artery. The graft is released  scan)
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Fig.35.14 Pre-op CT scan showing occlusion of the celiac axis and a
type I TAA

Fig.35.15 Pre-op CT scan, sagittal view

from the proximal neck down to the origin of the celiac trunk
(in the case described, the celiac trunk is occluded as you can
see in Fig. 35.12).

After the opening of the first graft and the cannulation of
all vessels, the second graft is delivered inside the first one at
the level of the origin of the stent grafts for visceral arteries.
After the release of the visceral stent graft, a rapid angio-
graphic check is performed to control the patency of the ves-
sels (Figs. 35.17 and 35.18).

Then the introducer is removed and the arteries closed.

In the early postoperative period, it is necessary to per-
form a CT scan to check the complete thrombosis of the
aneurysmal sac because there is still the risk of blood perfu-
sion through the space between the various grafts (gutter). In
the CT scan performed after three months, there is the com-
plete exclusion of the aneurysm (Figs. 35.17, 35.18, and
35.19). In the following Figs. 35.19, 35.20, and 35.21, a
complete exclusion of the aneurysm is shown with patency
of the visceral vessels.

Fig.35.16 A first thoracic graft has been positioned with the distal end
just above the origin of the celiac trunk. The visceral vessel all cannu-
lated from above through the omeral accesses. A second thoracic graft
is positioned inside the first one according to Fig. 35.12

Fig.35.17 A rapid angiographic check of the right renal artery is made

35.4.4.2 Candy-Plug Technique

This technique is used to exclude the dilated false lumen in a
dissected aorta already treated with a frozen elephant trunk
technique or a descending aorta endografting (TEVAR)
(Figs. 35.22 and 35.23).
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Fig.35.19 Post-op CT scan showing patency of all the vessels treated

It consists in the positioning of a parallel graft or plug into
the false lumen. The graft must be filled up with spiral coils
to occlude completely the communication and the reperfu-
sion from the entry tear below the distal end of the previous
endovascular graft.

Fig. 35.21 Post-op CT scan showing complete exclusion of the
aneurysm

In this case from the femoral artery, it is possible to can-
nulate the false lumen (Fig. 35.24).

After the cannulation of the false lumen, it is possible to
close the false lumen with a plug or spiral coils to close the
flow in the false lumen. In the case shown, the false lumen
was too large. So we have decided to position a parallel graft
and to fill it with spiral coils (Figs. 35.25, 35.26, and 35.27).

In Fig. 35.28 the complete exclusion of the false lumen
sac is shown.
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Fig. 35.22 Pre-op CT scan showing the endograft positioned into the  Fig.35.24 Intraoperative angiographic study showing the cannulation
thoracic aorta for a type A dissecting aneurysm involving the arch (fro-  of the false lumen through the femoral artery
zen elephant trunk technique)

Fig. 35.25 Spiral coils are positioned into the false lumen just above
the origin of the reentry tear

Fig.35.23 The retroperfusion of the false lumen through a distal reen-
try tear brought to the enlargement of the false lumen aneurysmatic
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Fig. 35.26 The embolization of the parallel graft at the end of the
procedure

Fig. 35.28 Post-op CT scan showing complete exclusion of the false
lumen

Fig. 35.27 Completion angiography with complete exclusion of the
false lumen



35 Update in the Management of Non-traumatic Thoracoabdominal Vascular Emergencies

Case Scenario

A 47-year-old woman is admitted in emergency ward
for thoracic interscapular pain. The patient had a previ-
ous diagnosis of type B aortic dissection but with stabil-
ity of the diameter of the aorta in previous CT scan
(Fig. 35.29).

The patient underwent a CT scan.

1. What do you expect?
A. Aortic rupture.
B. Aortic re-dissection.
C. Retrograde dissection.
D. All the precedent answers are correct.

2. How many aortic lumens can you recognize in the CT
scan (Figs. 35.29, 35.30, 35.31, and 35.32)?
A1

B.
C.
D.

zwt\)

ore than 3
3. Which therapy do you suggest?

A. Medical
B. Open surgery

C. Endovascular
D. Hybrid

Self-Evaluation Questions

1. Should the anesthesiologist perform the CSF drain-

age in an urgent-emergent setting of TAAA repair?
It can be considered only in endovascular repair.
Only for surgical repair.

Always in setting of TAAA repair.

YES, in hemodynamically stable patients. Rescue
use of CSF drainage should be reserved for patients
with postoperative signs of spinal cord injury and
in those taking antiplatelet agents without the pos-
sibility to perform a preprocedural platelet func-
tional test.

Caw>

. Could POC viscoelastic tests guide a goal-directed

hemostatic therapy?

A. Only the standard laboratory test can be used.

B. POCs can measure only some features of coagula-
tion setting.

C. POCs cannot guide the transfusional blood
requirements.

D. POC can monitor real-time during all phases of
surgery.

Fig.35.29 CT pre-op in a patient 47 years old admitted with thoracic pain
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3. Could NIRS be useful to monitor indirectly spinal
cord perfusion in an urgent-emergent setting of TAAA
repair?

A. It’s difficult to perform.

B. In an urgent-emergent setting, MEP and SSEP are
recommended because they can detect early signs
of spinal cord hypoperfusion.

C. Spinal NIRS can be used only in intraoperative
setting.

Fig.35.30 CT pre-op showing a variety of flaps and lumen into the
thoracoabdominal aorta

D. Spinal NIRS is a potential, real-time, noninvasive,
and always available technique to monitor the spi-
nal cord perfusion indirectly during and after
endovascular or open TAAA repair.

Please see Chap. 58 for the correct answer.

3\
. 4
’
=i
L
L
-

Fig. 35.31 Postoperative CT scan after the replacement of the
whole aorta and visceral vessels

Fig. 35.32 Post-op CT scan with the view of all the visceral vessels
completely replaced
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