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Abstract: Objective: Abdominal aorta aneurysm (AAA) is a serious threat for human life. AAA repair is a high-risk pro-
cedure which results in a severe surgical stress response. We aim to give a conceptual description of the underlying
pathophysiology of stress after surgical repair of AAA. Methods: The MEDLINE/PubMed database was searched for
publications with the medical subject heading “surgical stress” and keywords “abdominal aortic aneurysms (AAA)”,
or “cytokines” or “hormones” or “open repair (OR)” or “endovascular repair (EVAR)”. We restricted our search to
English till 2012 and only in cases of abdominal and thoracoabdominal aneurysms (TAAA). Results: We identified
93 articles that were available in English as abstracts or/and full-text articles that were deemed appropriate for our
review. Conclusions: Literature highlights no statistical significance for early acute TNF-a production in EVAR and no
TNF-a production in OR. IL-6 and IL-8 levels are higher after OR especially when compared with those of EVAR. IL-10
peak was observed during ischemic phase in aneurysm surgical repair. Cortisol and epinephrine levels are higher
in OR patients in comparison to EVAR patients. Finally, the incidence of systemic inflammatory response syndrome
was significantly higher in OR than EVAR patients.

Keywords: Surgical stress, abdominal aortic aneurysms (AAA), cytokines, hormones, open repair (OR), endovascu-
lar repair (EVAR)

Introduction

Abdominal aortic aneurysm (AAA) is a serious
threat for human life, especially when rapture is
the first symptom. AAA repair is a high-risk sur-
gical procedure which results in severe hor-
monal and metabolic stress-related response
comprising variable endocrinologic and immu-
nologic changes [1]. Systemic inflammatory
response (SIR) is caused by both surgical trau-
ma and ischemia-reperfusion injury [2] related
to aortic clamping [3-6] and by local cellular
interactions arising at the blood/biomaterial
interface [7].

The pathophysiology of SIR involves activated
neutrophils, endothelial cells, and macro-
phages [8] - and is mediated by a cascade of
endotoxin, pro-infammatory and anti-inflam-
matory cytokines [2, 9] - in addition to comple-
ment components [10] and leukotrienes [11]
which facilitate the migration of activated leu-
kocytes [3-5].

The inflammatory response is important for tis-
sue repair and has profound effects on homeo-
stasis due to release of catabolic stress hor-
mones and interference with immune function,
which can delay wound-healing and increase
risk of sepsis [12].

Basic principles about open and endovascular
repair of AAA

Open repair (OR) for AAA encompasses signifi-
cant risk of morbidity and death [13].
Endovascular aneurysm repair (EVAR) was
introduced early in the last 2 decades for the
treatment of AAA [14] offering an apparently
less invasive procedure of transfemoral EVAR
management. The latter is believed to offer sev-
eral advantages over OR in terms of reduced
mortality and morbidity rates [15] and restrict-
ed perioperative hemodynamic parameter fluc-
tuations [16, 17]. Differences in the inflamma-
tory response to EVAR and OR have been dem-
onstrated by many authors [18, 19] and the
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mechanism by which the inflammatory
response is generated is different. It is shown
that EVAR leads to a less intense and extensive
inflammatory response and cytokine release
[20, 21] with less tissue damage, ischemia-
reperfusion insult and subsequent inflammato-
ry events. On the contrary, it has also been
mentioned that endoluminal procedures may
elicit an unexpected systemic inflammatory
response [22, 23] also mentioned as postim-
plantation syndrome.

Methods

The MEDLINE/PubMed database was searched
for publications with the medical subject head-
ing “surgical stress” and keywords “abdominal
aortic aneurysms (AAA)”, or “cytokines” or “hor-
mones” or “open repair (OR)” or “endovascular
repair (EVAR)”. We restricted our search to
English till 2013 and only in cases of abdominal
and thoracoabdominal aneurysms (TAAA). We
could not evaluate the stress response from
approaches such as thoracic endovascular aor-
tic repair (TEVAR), fenestrated endovascular
aneurysm repair (FEVAR) or hybrid techniques
due to lack of relevant data in the literature. We
sought to review the pathophysiology behind
surgical stress that is attributed in surgical
repair of AAA.

Results

We identified 83 articles that were available in
English as abstracts or/and full-text articles
that were deemed appropriate for our review.

The role of cytokines during AAA surgical re-
pair

TNF-¢, IL-6 and IL-8 as pro-inflammatory cyto-
kines that would modulate injury [24, 25].
These cytokines have been well investigated in
aneurysm surgical repair [26-29].

Interleukin 8 (IL-8)

IL-8 is one of the more potent pro-inflammatory
cytokines and is generated by various cells in
response to multiple stimuli. It is a member of
the CXC family of chemokines and a major regu-
lator of neutrophil recruitment and migration
[30]. IL-8 seems to have a lower peak than that
of IL-6 at 2-4 h after reperfusion during TAAA
repair [28, 29]. Its peak is closely correlated
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with the degree of complement activation [27].
IL-8 levels seem to increase distinctly after
skin closure in a level more pronounced than
that of IL-6, which can be attributed to the fact
that IL-6 production was more sufficiently sup-
pressed than other cytokines [31]. Parodi et al.
[32] measured IL-8 finding that levels increased
immediately after OR and fell by 72 hours,
although not to preoperative levels. In OR IL-8
levels were higher than the EVAR even in the 7"
postoperative day (p = 0.02) [33].

Interleukin 10 (I-10)

IL-10 acts as an anti-inflammatory as well as a
coagulation inhibitory cytokine, which can
counterbalance or regulate the pro-inflammato-
ry response [25]. In cases of traumatic major
injury, an increased production of IL-10 and a
decreased production of IFN-y and IL-12 corre-
late to cellular immunity suppression [34].
Additionally, a systemic release of IL-10 trig-
gered by sympathetic nervous system activa-
tion might be a key mechanism of immunosup-
pression observed after injury that is associat-
ed with a high incidence of infection [35]. It is
not abrupt to hypothesize that in cases of major
surgical traumas, such as these during AAA sur-
gical repair, this mechanism explains wound
infection. During ischemic phase in aneurysm
surgical repair a IL-10 peak was observed with
its levels returning to baseline during visceral
perfusion [31], presenting with a biphasic pat-
tern [36]. When comparing TAAA and AAA
repair, IL-10 was produced in both procedures
during aortic clamping. Peak IL-10 plasma lev-
els in TAAA repair are significantly (p < 0.05)
higher compared to the peak IL-10 plasma lev-
els seen during AAA repair [28, 37]. After elec-
tive AAA high levels of IL-10 were associated
with both prolonged critical care (p < 0.001)
and hospital stay (p = 0.001) [38]. The role of
the anti-inflammatory cytokine IL-10 during sur-
gical repair of a TAAA is recently evaluated in a
Phase | study [39] presenting pluripotent anti-
inflammatory properties by both inhibiting TNF-
alpha and IL-1 synthesis and antagonizing their
actions through up-regulation of cytokine
antagonists [39].

Interleukin 6 (IL-6)

ILL6 demonstrates the most pronounced
increase and reflects the intensity of surgical
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trauma following AAA repair [2, 38]. It is also
strongly involved in the pathogenesis of multi-
ple-organ failure [9] and considered to be a
potent inducer of fibrinogen production in the
hepatocytes [38]. Its release follows that of
acute phase cytokines, such as TNF-q, IL-1 and
IL-10 and peaks between 4 and 48 h postoper-
atively (after reperfusion) with higher values in
the OR than the EVAR group (p < 0.05) [40].
Several clinical studies have suggested that
the major source of IL-6 following AAA repair
may be the splanchnic system rather than the
lower limb [24]. In cases of rupture, the devel-
opment of multi-organ failure is associated
with high levels of IL-6 (p = 0.01) [38, 41]. In
cases of TAAA repair, a substantial peak of IL-6
level was reported at 2-8 h after visceral reper-
fusion (p < 0.05) [24, 27-29, 31]. Another pos-
sible underlying mechanism may be the pre-
served IL-6 uptake function through the liver
due to sufficient visceral organ protection [31,
42]. Many reports have described IL-6 and/or
IL-8 release after OR especially when compared
with those of EVAR group [3-5, 22, 23, 43-46].
For this reason, a persistent rise in IL-6 levels in
the postoperative period may be a valuable
predictor of serious complications [3, 43].
Some reports have shown that OR induce a
higher IL-6 response [22, 40] either due to tis-
sue damage caused by reperfusion injury or
surgical trauma or that EVAR failed to induce
IL-8 release [22, 40]. In another study IL-6
revealed significantly higher response in the
EVAR and OR groups than in the controllers
[47], with IL-6 release patterns being similar in
the EVAR and OR groups demonstrating involve-
ment of IL-6 in the inflammation process in
both procedures [47]. It is suggested that the
production of IL-6 in OR should be attributed to
tissue damage (caused by ischemia-reperfu-
sion injury and surgical insult) or blood transfu-
sion, whereas IL-6 release in EVAR may be
caused by manipulations into the aneurysmal
thrombus [47].

Tumor necrosis factor alpha (TNF-)

TNF-a« enhances vascular permeability through
both neutrophil-dependent and independent
mechanisms [48]. Its response after aortic sur-
gery seems to be controversial. Although some
studies showed high TNF-a levels, correlated
with poor outcome after OR [3, 43, 44], others
described a more pronounced TNF-a release in
OR versus EVAR or failed to demonstrate
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release of TNF-a in any group [40]. Other obser-
vations about EVAR [22, 23, 46] described a
TNF-a response associated with a clinically rel-
evant drop in blood pressure or as a conse-
quence of leukocyte activation triggered by IL-6
release from the aneurysmal thrombus during
manipulations [49]. On the contrary, Boyle et al.
[46] and Galle et al. [47] reported a not
statistically significant difference in early acute
TNF-a production between EVAR and OR. These
findings indicate that surgical stress alone does
not normally produce TNF-«. Increases in TNF-o
can be clearly detected after hemorrhage or
shock, such as ruptured AAA, whereas TNF-a
can be detected within normal or at slightly
elevated levels following uncomplicated elec-
tive AAA repair [2, 27, 29]. In TAAA repair, pro-
nounced increases in TNF-a are observed,
unless visceral or distal perfusion is used [26-
28, 31]. TNF-a levels are correlated with renal
or other organ dysfunction [3, 9, 38] and higher
mortality (p = 0.01) [36, 50].

Interleukin 1o (IL-1ax)

IL-1ax is expressed by platelets and activated
monocytes/macrophages [51]. The presence
of high titers of IL-1a in the serum of patients
with AAA demonstrated positive correlation
with preoperative AAA size and significantly
being reduced after surgery, indicating that this
cytokine might be a marker of successful surgi-
cal outcome or disease progression and asso-
ciated complications in longer-term follow-up
[52]. Moreover, the involvement of IL-1a in
endothelial cell inflammation indicates that this
cytokine is involved in the molecular pathology
of AAAs and thus it could have potential as a
biomarker of disease behavior and/or develop-
ment prior to the point of surgical intervention
[52]. EVAR surgical intervention significantly
decreases IL-1a [52]. Calogero et al. [53]
demonstrated that IL-| concentrations increase
mainly during periods of major surgical manipu-
lation with a second surge at emergence from
general anesthesia and during the postopera-
tive recovery period. Table 1 summarizes the
role of cytokines in the AAA repair-induced sur-
gical stress.

The role of hormones in AAA repair-induced
surgical stress

Major surgical procedures, such as AAA repair
often lead to severe immunosuppression,
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Table 1. The role of cytokines in the AAA repair-induced surgical stress

Author Year Procedure Cytokine Findings
Welborn et al. [28] 2000 OR (TAAA) IL-8 L-8 has lower peak than that of IL.-6 at 2-4 h after reper-
fusion during TAAA
IL10  Peak IL-10 plasma levels in TAAA repair are significantly
higher compared to the peak IL-10 plasma levels seen
during AAA
Hanssen et al. [29] 2008 IL-8 IL-8 has lower peak than that of IL-6 at 2-4 h after
reperfusion during TAAA
Kunihara et al. [31] 2011 OR (TAAA) IL-8 IL-8 levels increased distinctly after skin closure in a
level more pronounced than that of IL-6
Parodi et al. [32] 2001 Both (OR&EVAR) IL-8 IL-8 levels increased immediately after OR and fell by
72 hours, although not to preoperative levels
Shindo et al. [33] 2005 Both IL-8 In OR IL-8 levels were higher than the EVAR even in the
7™ postoperative day
Oldenburg et al. 2000  OR (TAAAvs. IL10  Peak IL-10 plasma levels in TAAA repair are significantly
[37] AAA) higher compared to the peak IL-10 plasma levels seen
during AAA
Bown et al. [38] 2001 IL10  After elective AAA, high levels of IL-10 were associated
with both prolonged critical care and hospital stay
Syk et al. [40] 1998 Both IL-6 IL-6 peaks between 4 and 48 h postoperatively (after
reperfusion) with higher values in the OR than the EVAR
group
TNF-a«  Examining both EVAR and OR described a more pro-
nounced TNF-a release in OR
Swartbol et al. [22] 1996
Norgren et al. [23] 1997
Odegard et al. [45] 2000 IL-6 higher release after OR when compared with those
of EVAR group
Boyle et al. [46] 2000
Galle et al. [47] 2000 Both IL-6 IL-6 revealed significantly higher response in the EVAR
and OR groups than in the controllers, with IL-6 release
patterns being similar in the EVAR and OR groups.
No statistically significant tendency toward early acute
TNF-a«  TNF-a production in EVAR and no TNF-a production in
OR.
Marjanovic et al. 2011 Both IL-6 In EVAR group the “normalization” of its values came
[83] early in the 2" postoperative day
Yates et al. [52] 2011 EVAR Il EVAR surgical intervention significantly decreases IL-1a

which in turn may contribute to infectious com-
plications and sepsis, the most common cause
of late death after trauma. Strong stimulation
of the sympathetic/adrenomedullary system
and the hypothalamic-pituitary-adrenal (HPA)
axis correlates with the severity of injury and
poor prognosis [35, 54, 55]. The simultaneous
activation of these two systems allows the
organism to adapt and maintain or regain
homeostasis during stress. Stress induced
activation of the HPA axis is produced by acti-
vation of suprahypothalamic brain structures
that release hypothalamic corticotropin-releas-
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ing hormone (CRH) and arginine-vasopressin
(AVP) [54].

During major abdominal procedure, plasma lev-
els of CRH and corticotropin are remarkably
higher, demonstrating a pulsatile pattern, com-
pared with continuous one of those observed
during neck surgery [53]. Schulte et al. [56]
further evaluated the discrete CRH,
corticotropin and cortisol pulsatility during
major surgery concluding that the pathophysiol-
ogy generating the pattern of CRH, corticotro-
pin and cortisol secretion in surgical stress due
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to major surgery need to be elucidated because
CRH changes alone could not justify neither the
circadian rhythm nor the pulsatility of cortico-
tropin and cortisol. The stronger activation of
the HPA axis during abdominal surgery should
be attributed to the more extensive trauma and
greater blood loss [53].

In addition, Witorsch and Brodish [57] proposed
that other factors could activate the HPA axis
during surgical stress, demonstrating an endog-
enous corticotropin-releasing activity (“tissue
CRFs”), when being liberated in bloodstream by
the traumatized tissue during surgery.
Substances with these properties are, among
others, IL-l, IL-6, interferon gamma (INF-y), and
TNF-a [58], whose involvement in surgical
stress has already been described in our
review. Gillies et al. [59] proposed that AVP
could also partly explain the higher levels of
corticotropin in the systemic circulation during
surgical stress, as a result of the known syner-
gism between this hormone and CRH on corti-
cotropin secretion.

Epinephrine-norepinephrine

Whereas considerable work has been done
comparing the immunologic response in
patients undergoing EVAR and OR surgery,
there has been little investigation of the release
of epinephrine and norepinephrine in these two
groups.

Plasma epinephrine concentrations increased
during OR (p < 0.05) and were greater than in
the EVAR group (p < 0.05). Plasma norepineph-
rine concentrations increased during surgery in
both groups but the changes were not statisti-
cally significant [17, 19, 60].

Kataja et al. [61] found significantly lower plas-
ma norepinephrine levels in the EVAR group
compared to the OR group (p = 0.048). Plasma
epinephrine decreased intraoperatively (p =
0.001) from the preanesthetic value in the
EVAR group [61].

Itis also suggested that higher epinephrine lev-
els are correlated with complications, a finding
that is indicative of the property of stress hor-
mones to be primary, nonspecific markers of
organ compromise and ability of human body to
respond to infectious and inflammatory chal-
lenges [62].
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Glucocorticoids

Glucocorticoids are necessary for host to toler-
ate surgical stress [63]. One of their actions is
the prevention of overreaction to the stressful
stimuli [64]. Glucocorticoids are also associat-
ed with undesired immunosuppression, elec-
trolyte imbalance and delayed wound healing
[65, 66].

It is shown that during major surgical procedure
plasma corticotropins increase steadily with
clear elevations seen 45 minutes after the
onset of surgery (p < 0.001) [53] and are cor-
related with those of cortisol (p < 0.001) [53].
Plasma cortisol in turn, increased steadily, with
clear elevations seen 60 minutes after the
onset of surgery, reaching highest levels toward
the end of the surgical procedure (p < 0.00l)
[53]. Pearson et al. [60] compared an OR and
an EVAR group undergoing AAA repair and
reported a significant increase in cortisol (p <
0.001) [19, 60] in all patients, with the OR
group demonstrating the highest levels.
Salartash et al. [19] also highlighted that corti-
sol may be a more important factor than previ-
ously recognized in characterizing a greater
early stress response associated with OR. In
the same tone, Kataja et al. [61] found that
postoperative levels of cortisol were higher in
the OR group rather than the EVAR group.

Following major surgery in general, elevated
cortisol is associated with high ACTH [67]. A
dissociation between ACTH (low) and cortisol
(high) is observed, which is attributed to
increased adrenal responsiveness to ACTH
[67]. In a recent meta-analysis it is shown that
patients receiving intravenous glucocorticoids
were 24% less likely to suffer postoperative
morbidity compared with controls [68]. In
addition, steroids significantly reduced
postoperative blood levels of inflammatory
markers such as IL-6. Interestingly, there was
no risk difference in infectious complications
and wound healing [68].

Arginine vasopressin (AVP)

Miltenberger and Moran [69] and Moran et al.
[70] were pioneers in investigating the plasma
AVP concentrations during surgical stress in
major procedures in the abdominal cavity,
reporting that upper abdominal visceral manip-
ulation [69] and pain [70] could be potent
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Table 2. The role of hormones in AAA repair-related surgical stress

Author Year Procedure  Cytokine

Findings

Thompson 1999 Both

Epinephrine Plasma epinephrine concentrations increased during (OR) and

etal. [17] and norepi- were greater than in the EVAR group. Plasma norepinephrine
nephrine  concentrations increased during surgery in both groups but the
changes were not statistically significant.
Similar results with the above as far as epinephrine and norepi-
nephrine are concerned.

Salartash 2001

Epinephrine, In both groups there was a significant increase in cortisol with

etal. [19] norepineph- the OR group demonstrating the highest levels.
Pearson et 2005 rine and
al. [60] cortisol

Kataja et 2007 Both

Epinephrine, Significantly lower plasma norepinephrine levels in the EVAR

al. [61] norepineph- group as compared to the OR group. Plasma epinephrine
rine and decreased intraoperatively from the preanesthetic value in the

cortisol EVAR.

Postoperative levels of cortisol were higher in the OR group
rather than the EVAR group.

Carvalhoet 2011 OR AVP

Plasmatic AVP levels were increased at the first six postoperative

al. [71] hours, decreasing thereafter, but remaining above basal values.

stimuli to increase AVP release. Calogero et al.
[53] demonstrated that plasma AVP levels
increase after 60 minutes of the onset of a
major surgical procedure. They maintain high
levels during the first postoperative day and
return to normal the next day (p < 0.00l) [53].
These higher levels of AVP during major abdom-
inal procedure are attributed to greater fluid
shifts compared to neck surgery [53].

In cases of AAA repair, plasma AVP levels
increased in the first six postoperative hours,
decreasing thereafter, but remaining above
normal until the 2" postoperative day and nor-
malizing 72 h postoperatively [71]. The natural
course of AVP changes presents only in uncom-
plicated cases [70] and although its patho-
physiologic mechanisms have not yet been
fully elucidated [72], it can be influenced by the
type [73] and invasiveness [74] of the surgical
procedure, the type of anesthesia [72] and by
hemodynamic and/or serum osmolarity altera-
tions in the peri-operative period [72].
Considering that no correlations were found
between AVP levels and hemodynamic or plas-
matic osmolarity variations in AAA repair, it
seems that stress response is mainly second-
ary to hazardous stimulation mediated by the
autonomic nervous system that is not com-
pletely blocked by anesthetics [71].

Table 2 summarizes the role of hormones in
AAA repair-related surgical stress.
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Discussion

Immunomodulatory functions are essential for
homeostasis but overactivation of the neuroen-
docrine stress axis may render a host immuno-
suppressed and susceptible to infectious dis-
ease [62]. This concept may have as a result
that a greater stress response to surgery may
lead to less systemic inflammation of host but
more susceptibility to infectious complications.
On the other hand, Mulla et al. [75] oppose to
this concept, because it was shown that the
occurrence of SIRS or sepsis was associated
with a greater stress response, that could be
attributed to the activation of a branch of the
neuroendocrine-immune regulatory loop in
which pro-inflammatory cytokines released in
response to an insult stimulate the HPA axis,
thus provoking the release of glucocorticoids.
Additionally, the correlation of higher epineph-
rine levels and the occurrence of SIRS/sepsis
consort with the concept of catecholamine
induced suppression of specific pro-inflamma-
tory cytokines [60].

One parameter that seems predictive of
increased activation of the stress response is
the length of operation, irrespective of anes-
thetic method. Procedures and patients with
operative times greater than 5 hours developed
significantly higher CRP, IL-1beta, IL-6, and TNF-
alpha levels (p < 0.05) at 12 and 24 hours post-
operatively than those with total operative
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times less than 4 hours [76], which is normally
the case in AAA repair. For this reason it is not
absurd to consider that approaches with less
operative time or blood loss should gain ground.

Several studies have compared the inflamma-
tory responses associated with each method of
AAA repair by using a variety of markers with
sometimes conflicting results. Pearson et al.
[60] demonstrated a significantly higher inci-
dence of SIRS/sepsis after OR compared with
the EVAR group [60]. Inflammatory markers
demonstrated to be present at greater levels
after the OR compared with EVAR include the
pro-inflammatory cytokines IL-6 [18] and IL-8
[18], C-reactive protein [47] indicators of
T-lymphocyte activation [47] and complement
activation products [47]. Conversely, Morikage
et al. [77] noted that levels of IL-6, C-reactive
protein and leukocytes were higher among
patients undergoing EVAR compared with OR.
Hence, they concluded that EVAR provoked a
greater biological response. Other indicators of
inflammatory processes, including levels of
neutrophil and platelet degranulation products,
have failed to distinguish between the two
approaches to aneurysm repair [45]. Similarly,
Sweeney et al. [78] found that the use of SIRS
criteria failed to detect a difference between
the two approaches to repair in a small patient
cohort. Kruimel et al [79] evaluated the rela-
tionship between immune and neuroendocrine
responses in patients undergoing OR at pre-,
intra- and postoperative periods. AVP and ACTH
plasma levels have significantly increased dur-
ing the intra-operative period, but cortisol lev-
els did not change. These findings suggested
that glucocorticoids are not a key-factor for the
depression in the production and releasing of
pro-inflammatory cytokines. Barbieri et al. [80]
found that after EVAR, patients who experi-
enced less pain showed a more intense prolac-
tin (PRL) response while cortisol response did
not differ statistically significantly.

Clarifying the pathophysiology behind the aor-
tic aneurysm repair-related surgical stress facil-
itates the establishment and the application of
Stress Scales that could predict the postopera-
tive course after an AAA repair in terms of mor-
bidity, mortality and length of hospital stay [81,
82].

Conclusions

Despite consistent development of clinical
signs of SIRS and spontaneous release of IL-6,
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AAA repair produces a state of impaired pro-
inflammatory cytokine response. A greater
inflammatory response to OR may reflect the
extent of mechanical tissue injury and the mag-
nitude of ischemic-reperfusion injury. The
greater incidence of complications after OR
could be attributed to the abundant literature
on this topic. Literature highlights no statisti-
cally significant tendency toward early acute
TNF-a production in EVAR and no TNF-« pro-
duction in OR. IL-6 and IL-8 levels are higher
after OR especially when compared with those
of EVAR. IL-10 peak was observed during isch-
emic phase in aneurysm surgical repair with
peak IL-10 plasma levels in TAAA repair being
significantly higher compared to those seen
during AAA repair. This could be attributed to
the more extensive surgical maneuvers in TAA
repair (thoracotomy and retroperitoneal
abdominal approach) as well as to more exten-
sive ischemia (spinal and visceral ischemia).

As far as hormones are concerned, cortisol and
epinephrine levels are higher in OR group in
comparison to EVAR. AVP levels during AAA
repair are related to stress response, second-
ary to hazardous stimulation mediated by the
autonomic nervous system. Finally, the inci-
dence of SIRS, sepsis and all complications
was significantly higher in OR than EVAR
patients and oxidative stress during AAA repair
is thought to be higher in cases of OR beside
EVAR and in cases with ruptured AAAs beside
elective cases.
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