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Quick Response Code: INTRODUCTION

Endovascular aortic repair (EVAR) was introduced by Parodi et al.lVl and Volodos et al.?
The first balloon-expandable endograft was placed by Parodi et al. in 1991 for abdominal
aortic aneurysms (AAA) in patients who were unfit for open surgical procedures. Since then,
tremendous advancements in the endovascular technique have greatly increased its interest,
acceptability, and applicability. Associated comorbidity and complexity of procedure pose an
immense challenge for both the surgeon and anesthesiologist whether it is a simple infra-renal
EVAR, a more compounded supra-renal EVAR, or thoracic endovascular aortic repair (TEVAR).
For a successful outcome, patients undergoing EVAR should undergo detailed pre-operative
assessment and optimization through a multidisciplinary team approach.

SEARCH STRATEGIES

The non-systematic review was designed after a comprehensive analysis of the literature from
textbooks, journals, and internet resources using keywords “abdominal aortic aneurysm,’
“endovascular repair; “anesthesia concern,” “perioperative management,” “endo-leak;” and
“post-implantation syndrome” The filters used were case reports, clinical trials, controlled
trials, randomized control trials, observational studies, and text articles. The search engines
were Google Scholar, Science Direct, PubMed, EMBASE, Medscape, Medline Scopus, and many
others.

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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AORTIC ANEURYSMS - ITS BUDDING RISK

An aortic aneurysm is permanent dilatation of at least more
than 50% of the diameter and constitutes all three layers
of the aortic wall.P*! AAA constitutes 65% of all aortic
aneurysms whereas the majority (95%) include infrarenal
aortic aneurysms.! Smoking is the greatest risk factor for
AAA which accounts for 90% of the patients.”? Other risk
factors include hypertension, hyperlipidemia, atherosclerosis,
positive family history, inflammatory vasculitis, and trauma.
Etiology for aneurysmal dilatation encompasses Marfan’s
syndrome (defect in fibrin I) and Type-IV Ehlers-Danlos
syndrome (defect in procollagen III).®! Aneurysm of the
thoracoabdominal aorta is classified by Crawford™ [Figure 1].
It usually complicates with aortic rupture, aortic regurgitation,
compression of the esophagus, tracheobronchial tree, vital
organ ischemia, and systemic embolization from mural
thrombus. As the size of the aneurysm rises, the annual risk
of rupture also exponentially increases [Table 1]. Therefore,
its intervention is required once the aortic diameter reaches
5.5 cm (or is rapidly increasing i.e., more than 5 mm in
6 months), to limit further complications.['"!

BEGINNING OF INTERVENTIONAL ERA - ITS
POTENTIAL ADVANTAGE

The aneurysm of the aortic root, ascending aorta, and aortic
arch usually require surgical repair to avoid aneurysmal

Table 1: Size of aneurysm and its annual risk of rupture.

Aneurysm size (cm) Annual rupture risk (%)

complications. However, open surgical repair of descending
thoracoabdominal aneurysm carries potential adverse effects.
Despite technical advances, the major surgical risk remains
because of elderly patients with multiple comorbidities. There
is a significant risk of major organ ischemia like in the spinal,
mesenteric, renal, and lower extremities that may be due
to loss of collateral vessels, thromboembolism, temporary
interruption of blood supply, or reperfusion injury. Incidence
of wound dehiscence and postoperative respiratory failure
remain high because of the large incisions, diaphragmatic
division, or maybe because of phrenic and recurrent laryngeal
nerve injury."!! The elective surgical repair for AAA constitutes
5% mortality."? Thirty-day mortality associated with ruptured
AAA is about 80% whereas for those undergoing emergency
surgery, it accounts for approximately 40%.

EVAR was first introduced in 1991. It is a less invasive
procedure with potential advantages and certain
disadvantages over conventional open surgical repair
[Table 2]" The 30-day mortality following EVAR ranges
from 1.7% in patients who were suitable for open surgery,!'"!
to 9% in those who were unfit for open repair.!"”

With increasing EVAR, there has been increasing literature
comparing the outcomes of EVAR and open repair. In
the EVAR 1 trial, patients suitable for open repair were
randomized to either open repair or EVAR." The short-
term mortality and morbidity were found to be 3% lower
in the EVAR group but the long-term mortality was similar.
However, there is an increased requirement for reintervention
(4%) and expenditure in the EVAR group. Complications
such as thrombosis, endo-leak, kinking of the graft, and
device migration necessitate re-intervention.

4-4.9 0.5-5

5-5.9 5-15 The EVAR 2 trial randomized patients who were considered

6-6.9 10-20 unsuitable for open surgery to either conservative

7=79 20-40 management or EVAR to assess whether EVAR is a potential
Type | Type ll Type I Type IV

]

Figure 1: The Crawford classification of thoracoabdominal aortic aneurysm extent.
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Table 2: The advantages and disadvantages of EVAR.

Advantages

« Less invasive and avoid large thoracoabdominal incision

« Less post-operative pain and decreased requirement of analgesics
o Less blood loss and less transfusion requirements

« Avoid clamping and unclamping of aorta

o Less hemodynamic, metabolic and acid-base alterations

« Faster recovery and shorter hospital stay

Disadvantages

« Anatomical obligations

« Require contrast administrations

« Unique procedure related complications
« Require regular follow-up

« Long term advantages not defined

alternative to patients considered unfit for open repair.
EVAR resulted in considerable 30-day mortality (9%)
without significant difference in the long-term survival in
both groups.™™ Mortality following the EVAR procedure is
comparable with open surgical procedure with respect to a
4-year follow-up in the EVAR 1 trial. A similar outcome was
derived from the mid-term quotient of the Dutch randomized
endovascular aneurysm management trial (DREAM trial).[™?!
Nevertheless, the trial concluded that “if the developments
in endograft technology and imaging continue to improve,
EVAR may become the initial choice for aortic aneurysms”

PATIENT SELECTION - KEY TO SUCCESS

With increasing popularity and practical advancement in
EVAR technology, the success rate is shooting up. Out of
which, patient selection is the major boosting factor for its
expansion. However, there are no appropriate guidelines and
selection criteria were defined for patients undergoing EVAR.
The surgical risk and life expectancy should be balanced
against the risk of aneurysmal rupture.

Intervention should not be recommended for asymptomatic
patients having a thoracic aneurysm of <5 c¢cm!® and
asymptomatic abdominal aneurysm of <5.5 cm. Moreover,
the Aneurysm Detection and Management in 1998 and
the United Kingdom Small Aneurysm Trial revealed early
intervention for small abdominal aneurysm, that is, 4-5 cm
was not much beneficial.'"”!®!

The technical feasibility for endovascular repair of abdominal
aneurysm is based on its morphological features mainly evaluated
with 3D reconstruction of computed tomography. The principal
factors affecting the outcome are the proximal neck (diameter,
length, angulation, and existing thrombus), landing zone distally
(its diameter and length), caliber, and tortuosity of access vessels.

The proximal aortic neck, also called the landing zone, is the
proximal attachment area of the endovascular graft to the

non-aneurysmal aorta. A “hostile neck” is defined as an
aortic diameter of more than 28 mm, the angulation between
the neck and suprarenal part of more than 60°, existing
thrombus occupying more than 50% of the circumference of
the aorta, higher than 2 mm expansion in the aortic diameter
within 10 mm of the proximal landing zone and if the
distance between starting of aneurysm sac to the caudal end
of the renal artery is <10 mm.!"!

Aneurysms involving the common iliac arteries and
extremely calcified iliac arteries may lead to inadequate
sealing of graft and graft kinking, respectively. Therefore, a
distal landing zone must be chosen with caution. The access
arteries should be of adequate caliber to allow the passage of
such bulky devices. Tortuous femoral and iliac arteries often
straighten with stiff wires for preparation of appropriate
access site and focal stenoses should be adequately dilated.
However, severe calcification remains challenging as it may
rupture while forceful dilatation.

The ultimate decision is made by considering patient factors,
including increased risk of rupture in women, smokers, and
hypertensive with chronic lung disease.”"!

INTRAOPERATIVE MANAGEMENT - A
MULTIDISCIPLINARY APPROACH

The perioperative approach is optimal with a multidisciplinary
team consisting of interventional radiologists, surgeons,
anesthetists, nursing staff, and imaging specialists. Typically,
the procedure is carried out in a hybrid operating room with
advanced imaging capabilities.!)

PRE-OPERATIVE EVALUATION

Patients undergoing EVAR procedures should be evaluated
in depth and optimized beforehand like other major vascular
procedures. The incidence of diabetes, hypertension,
stroke, and major cardiorespiratory disease is higher. The
majority of the patients with AAA (70%) also have coronary
artery disease that mandates pre-operative assessment and
appropriate management preoperatively. According to
the American College of Cardiology and American Heart
Association [ACC/AHA]) joint guidelines, the infra-renal
EVAR is categorized as an intermediate risk procedure
whereas complex EVAR is contemplated to be a high-risk
technique.

These patients are prone to contrast-induced nephropathy
which seek preoperative evaluation of renal function and
optimization. The strategies to lessen renal impairment
such as continuing adequate pre-operative hydration with
normal saline, minimizing contrast load, use of isoosmolar
contrast, and avoiding nephrotoxic drugs such as non-
steroidal anti-inflammatory and aminoglycosides should be
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considered.®! If the glomerular filtration rate (GFR) is <60,
intravenous sodium bicarbonate should be administered to
alkalinize the urine and when GFR is reduced to 30, the use
of N-acetylcysteine may be beneficial.** Criado et al. found a
reliable technique for endograft deployment which includes

catheter-less carbon dioxide angiography through the
endograft delivery sheath and it is a safe, non-toxic, and
inexpensive technique.™!

INTRAOPERATIVE MONITORING

All standard monitors such as electrocardiograms, pulse
oximeters, noninvasive blood pressure, and temperature
monitor are to be attached. Large-bore intravenous access
should be secured for rapid transfusion as there is a higher
chance of significant blood loss or inadvertent injury to
great vessels. Central venous catheterization should be
considered in complex procedures, which are accessible for
cardiac output monitoring and infusion of essential drugs
like inotropes and vasopressors along with rapid volume
replacement in crises situation. Broad spectrum antibiotics,
with both Gram-positive and Gram-negative microbial
coverage, should be administered 1 h before the procedure
for appropriate antimicrobial effect. The arterial line should
be secured in the upper limb, contralateral side to the surgical
access site for the continuous beat to beat monitoring. Hourly
urine output should be monitored to surrogate renal function
during perioperative period.

ANESTHETIC GOALS

The anesthetic goals for intraoperative management are:

e  Provide hemodynamic stability

e DPreserve perfusion to vital organs including the heart,
brain, spinal cord, kidney, and splanchnic vasculature
Normothermia

Avoid myocardial oxygen supply and demand mismatch
Maintenance of intravascular volume

Early identification and management of hemorrhage.

General versus regional anesthesia

An anesthetic technique acceptable for EVAR can be general
anesthesia, regional anesthesia, or local anesthetic infiltration
with monitored anesthesia care. Evidence of the risk and
benefit of one technique over other with regards to EVAR is
lacking. However, certain factors such as the use of antiplatelet
or anticoagulant drugs, duration of surgery, associated
comorbidities, and inability to lay flat are favorable toward
general anesthesia. Prolonged complex procedures may
require sedation or even conversion to general anesthesia.
Intraoperative use of heparin is not a contraindication for
an epidural, but the timing of catheter insertion and removal

should be strictly followed as per guidelines. A short period
of breath-hold is required intermittently for good-quality
imaging which is either by patient cooperation or conscious
sedation.

THE EVAR PROCEDURE

The first and foremost step is to secure the access site, the
common femoral arteries either by percutaneous approach
or by surgical exploration. Open surgical exposure allows
not only direct visualization but also evaluation of the vessel
quality, calcification if any, and identification of appropriate
arteriotomy site. However, if the percutaneous technique is
used, then a large vessel closure device is chosen as a pre-
close or a post-close type.

Once the access artery is secured, stiff wires may be inserted
into the descending aorta to “straighten out” the aortoiliac
system. Then, the aortography was done to localize the level
of renal arteries, to confirm the diameters and lengths of the
proximal and distal landing zone, aortoiliac bifurcations,
and the aneurysmal sac [Figure 2a]. The appropriately sized
endografts are selected and systemic anticoagulation is
initiated to ensure adequate heparinization by keeping the
activated clotting time >250 s.

The main body is inserted and positioned just inferior to the
lowest renal artery [Figure 2b]. After confirming the position
of the framework, the main body is deployed [Figure 2c].
Subsequently, the interspace from the main body to the iliac
bifurcation, and the optimal overlap is measured by contrast
injection through the sheath. Then, the graft is deployed from
the access site on the contralateral limb. Once the endograft
was deployed, a compliant balloon is used to cast the graft
at the proximal, distal, and other attachment sites if multiple
endografts were deployed in pieces.

On completion, a final aortogram is essential to inspect
the correct placement, to exclude the aneurysmal segment,
patency of major vessels like renal and hypogastric arteries,
and detection of any possible complications [Figure 2d].
All incisions are closed and anticoagulation is reversed. If
the hemodynamics were stable and without any inadvertent
complications, then the patient can be extubated or brought
to a post-operative intensive care unit for optimization before
extubating.

TEVAR is a minimally invasive technique that involves
endograft placement in the thoracic aorta which is used
as an alternative technique to open surgery for an array
of pathologies involving the thoracic aorta. Avoidance of
sternotomy or thoracoabdominal incision, aortic clamping
decamping, huge blood loss, potential end-organ damage,
and lower incidence of morbidity make TEVAR a preferred
substitute.
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Figure 2: The EVAR procedure (a) initial aortography (b) main body insertion (c) stent deployment

(d) final aortogram.

Intraoperative complications

Undoubtedly, EVAR is associated with numerous short-

term benefits; however, it is associated with certain unique

complications during perioperative settings. It requires a

learning curve for the operator as well as need technical

advancement to circumvent the intraoperative complication.

The following complications may occur.

e Access vessel injury in the form of dissection, even
avulsion can occur with the passage of large stiff
catheters.”®! Severely calcified, tortuous, and small
caliber vessels are the culprit. It may present silently as
deterioration of hemodynamics as iliac vessel injury
results in retroperitoneal hemorrhage. It is managed
either by intraluminal balloon occlusion followed by
stent grafting or conversion to open procedure”!

e Renal artery exclusion occurs in 1% of cases® which can be
avoided by precise selection and careful deployment of graft

e The aneurysmal sac may be ruptured during excessive
manipulation and undue tension because of a large sheath,
stiff wire, or the graft delivery device.?! However, it becomes
an emergency with the requirement of massive transfusion,
use of vasopressors to maintain hemodynamics, and urgent
exploration to check the bleeding

e Embolization may compromise the perfusion of distal
vasculature.® Distal embolization can occur from an
atheromatous plaque, thrombus, intimal flap, or calcified
plaque. Therefore, distal pulses need to be recorded
preoperatively as well as postoperatively.

POST-OPERATIVE CARE - EARLY DIAGNOSIS
AND MANAGEMENT OF COMPLICATIONS

Post-operative care is provided initially in the designated
intensive care unit to curtail specific complications associated

with EVAR. However, it requires less aggressive care than an
open repair.

The distal pulses are regularly checked to determine early
occlusion because of thrombus or plaque embolization. The groin
access site should be checked to detect hematoma or bleeding.
Abdominal girth, tenderness, and bowel sounds are to be assessed
at regular intervals to determine organ ischemia, expanding
hematoma, or peritonitis. Adequate hydration is to be maintained
and hourly urine output is to be measured to assure renal
adequacy. Neurological monitoring should be done to rule out
spinal cord ischemia and early mobilization should be warranted.
Oral intake is to be resumed early after bowel adequacy.

The perioperative complications of the EVAR technique
are enumerated in [Table 3]. The major postoperative
complications include infection, graft migration, graft
kinking, device failure, endoleak, and post-implantation
syndrome (PIS).

Infection of the endovascular stent graft is a catastrophic
event that is mainly because of intravascular seeding rather
than primary graft infection. It is diagnosed by positive
blood cultures or CT scan revealing air around the graft.*!!
The management protocol should be appropriate antibiotic
treatment with complete excision of implanted device
and reconstruction with an autologous femoral vein graft,
antibiotic-soaked non-autologous graft, or cryopreserved
arterial allografts.?

The endograft kinking occurs due to the progressive
shrinking of aneurysmal sac and aortic remodeling,
therefore, requires a redo procedure, however, with the use
of newer devices having a longer body and shorter limbs and
use of the external supporting system, it can be avoided.”

Device failure is a late complication involving earlier-
generation grafts and is mainly due to suture breaks,
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stent fractures, or fabric disintegrations.¥ It is managed
by relining the endograft by redoing the endovascular
technique but may sometimes rarely require an open
surgical technique.

Endoleak is the most common etiology for graft failure in the
early postoperative period constituting around 20-30%.*! It
is defined as failure to exclude the aneurysmal sac from the
circulation even after the deployment of an endovascular
graft. There is a persistent flow of blood into the sac, as a
result, it is progressively expanding and prone to rupture. The
classification of endoleak is as follows." [Figure 3].

Type I endoleak: (8.2-18%) results from inadequate seal
from the proximal (Ia) or distal (Ib) end of the endograft

Type II endoleak: (8-45%) caused by inflow from a visceral
vessel

Type III endoleak: (0.7-3.8%) occurs due to a defect in the
graft, a disconnection of graft components, or an inadequate
seal

Type IV endoleak: (rare) mainly due to the porosity of the
graft fabric

Type V endoleak: (5%) Also called endotension, there is an

Table 3: The complications of EVAR.
Intraoperative Post-operative

Early onset Late onset
Access vessel Embolization Endo-leak
injury Graft occlusion Graft migration
Renal artery Tlio-femoral vessel injury Graft kinking
exclusion Visceral organ ischemia Device failure
Rupture of Spinal cord ischemia
aneurysmal sac ~ Peritonitis
Embolization Contrast-induced

nephropathy

Post-implantation syndrome

increase in aneurysmal pressure without a demonstrable
source of endoleak.

Endoleak can be detected by color Doppler ultrasound
surveillance postoperatively as stated by Iscan et al and
managed either by the placement of an additional stent graft,
embolization of the feeding visceral vessel, or conversion to
open repair.

PIS is a systemic inflammatory response occurring in
an early phase following the EVAR procedure, mediated
mainly by interleukin-6, tumor necrosis factor «, and
other cytokines.”*! It is mainly because of the material
of endograft (polyester or polytetrafluroethylene). The
incidence of PIS has been varying widely from 14% to 60%.5!
It can be diagnosed by persistent fever along with elevated
leucocyte count without evidence of any infection. Velazquez
et al. in 1999 first reported PIS as the presence of fever and
leukocytosis with a count of more than 11,000/dL.,""! while
Gorich et al. described PIS by a white blood cell (WBC) count
of more than 10,000/mL.""! Blum et al. denoted the incidence
of PIS as 100% in 154 consecutive EVAR techniques with a
WBC count of more than 9800/mL and elevated CRP but
without fever.!*!

PIS is considered to be a benign condition, although it
may prolong hospital length of stay or rehospitalization.*
As per Gabriel et al. extensive use of anti-inflammatory
drugs in the acute phase is beneficial,** while Morikage et
al. prefer a conservative approach.”" A report published
recently from Denmark suggested that pre-operative
administration of high-dose glucocorticoid reduces the
inflammatory response and enhances recovery after
EVAR.[4

CONCLUSION AND FUTURE DIRECTION

EVAR is an evolving technique that is expanding its horizon
toward endovascular thoracic aortic aneurysm repair and

Type |
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Figure 3: Classification of endo-leak.
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even emergency endovascular repair of AAA rupture. Being
minimally invasive, the technique is popular in high-risk
patients " with major comorbidities. EVAR’s success rate
depends on the active involvement of all team members of
a multidisciplinary team. Anesthetic preparedness ranges
from the pre-operative phase as patient selection and
optimization, intraoperative monitoring, and awareness
regarding emergency hemorrhage and conversion to open
technique, and postoperatively for early detection of any
organ ischemia and immediate resuscitation.”? Good
teamwork and promptness during emergencies play a key
role in success.
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