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Abstract: Background/Objectives: Endovascular aneurysm repair (EVAR) of the aorta
may trigger an inflammatory response that affects coagulation. In the EVAR of para-renal
and thoraco-abdominal aortic aneurysms, the implants are more complex and the duration
of surgery is longer. However, the exact pathophysiological mechanisms of coagulation
activation are not yet well understood. The primary aim of this study is to investigate the
effects of complex EVAR of para-renal and thoraco-abdominal aortic aneurysms on the
coagulation status of patients. Methods: This prospective observational study (STROBE),
approved and registered by the Ethics Committee of the University Hospital of Larissa
(UHL) (NCT06432387), will enroll consecutive patients undergoing elective EVAR of para-
renal and thoraco-abdominal aortic aneurysms. Exclusion criteria: Refusal to participate,
previous surgery within 3 months, American Society of Anesthesiologists physical status
(ASA PS) > 3, known history of thrombophilia or functional platelet dysfunction. Peri-
operative laboratory tests will be performed according to institutional guidelines. These
include a complete blood count, conventional coagulation tests, and kidney and liver
function tests. In addition, the following parameters will be determined: von Willebrand
factor, factors VIII and XI, D-dimers, fibrinogen, Adamts-13, anti-Xa, platelet activation
(multiplate), and high-sensitivity troponin. Blood samples will be taken pre-operatively
before induction of anesthesia (01), on postoperative day 1 (02), and on postoperative
day 3–4 (03). During hospitalization, myocardial injury after non-cardiac surgery (MINS),
major adverse cardiovascular events after non-cardiac surgery (MACE), acute kidney injury
(AKI), post-implantation syndrome (PIS), and death from any cause will be recorded. In
addition, our patients will be reviewed at 30 days, 3, 6, and 12 months for MACE, implant
failure, or death from any cause. All enrolled patients will be treated by the same medical
team at UHL according to the indications. According to our power analysis, for a cohort
of patients with three consecutive measurements, 58 patients should be included in the
study. To compensate for possible dropouts, the sample size was increased to 65 patients.
Conclusions: The results of the present study could help physicians to better understand
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the effects of complex EVAR of para-renal and thoraco-abdominal aortic aneurysms on
blood coagulation and platelet activation.

Keywords: aortic aneurysm; thoraco-abdominal; endovascular aneurysm repair; perioperative
care; platelet activation; acute kidney injury

1. Introduction
1.1. Background and Rationale

The development of endovascular techniques in recent decades has changed the
treatment of aortic aneurysms [1]. For patients with complex aortic disease, including
pararenal abdominal aortic aneurysms (PRAAA) and thoraco-abdominal aortic aneurysms
(TAAA), complex endovascular aneurysm repair (EVAR) with the fenestrated or branched
EVAR technique (F/BEVAR) was introduced as early as 2012 [1–3]. Complex EVAR enables
the safe minimally invasive treatment of complex aortic disease in patients with appropriate
anatomy and perioperative risk [2,3].

Compared to traditional open surgery (OS), EVAR is characterized by a more favor-
able short-term outcome in terms of mortality and morbidity in high-risk patients [1,4].
However, despite this, EVAR and thoracic EVAR (TEVAR) appear to be associated with
a prominent prothrombotic coagulopathy according to several reports [4–8]. It should
be highlighted that the pro-coagulant activity of EVAR and TEVAR is greater when com-
pared with open procedures, and it may lead to higher morbidity due to micro- and
macro-vascular thrombosis [5,6,9].

Over the years, EVAR has been associated with increased platelet consumption, in-
creased thrombin activity, increased thrombin generation, and increased fibrinolysis [10].
On the other hand, TEVAR has been associated with increased postoperative platelet con-
sumption and elongation of prothrombin time [6]. Moreover, in contrast to open aneurysm
repair (where the aortic thrombus is removed), it has been suggested that the resultant
coagulopathy may persist for several months after endovascular procedures, and this may
contribute to the development of an aortic thrombus [11].

As far as platelet alterations are concerned, the presence of an abdominal aortic
aneurysm (AAA) along the endovascular procedure exhibits a strong impact on platelets [8].
AAA leads to a chronic pro-inflammatory response, which is characterized by increased
platelet activation and decreased platelet count [8]. The post-inflammatory response follow-
ing EVAR exaggerates the decrease in platelet count; however, there are still controversies
regarding its impact on platelet activity [8]. Of note, there is a paucity of data regarding the
impact of complex EVAR on platelets.

Intraoperative injury to the vascular endothelium, the use of endovascular tools, the
mechanical manipulation of the intramural thrombus of the aneurysm during stent–graft
implantation, the manipulation of guidewires and catheters in the vessels, the activation
of platelets by the graft material, and the use of contrast media have all been recognized
as the possible contributing factors of coagulation changes in patients undergoing EVAR
procedures [4–10,12]. The manipulation of guidewires and catheters in the vessels may en-
hance the intraoperative injury of the vascular endothelium, leading to increased thrombin
generation and activity [10,13,14]. Furthermore, contrast media can be linked with platelet
activation and endothelial cell injury [10,15,16]. Moving on to intramural sac thrombus, in
contrast to OS, the intramural sac thrombus is not removed during an EVAR procedure.
It has been suggested that the remanence of an intramural thrombus after EVAR could
serve as a possible mechanism for persistent (up to 12 months) hypercoagulability, when
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compared to OS [10,13,17]. Normally, the exclusion of the aneurysm sac from the circula-
tion leads to complete sac thrombosis with subsequent platelet consumption, increased
coagulation, and fibrinolysis activation [10]. In type II endoleak, only partial sac thrombosis
occurs; the aneurysm thrombus remains in situ and in contact with the systemic circulation.
However, notably, even in the absence of a clinically significant endoleak, the thrombus
could still remain in contact with the systemic circulation through the small feeding lumbar
arteries or the mesenteric circulation [10,13,17].

1.2. Aims

To our knowledge, no specific analysis of coagulation changes or platelet activation
after complex EVAR has been performed to date. Considering the high complexity of the
repair and the longer stent graft in complex EVAR, we decided to assess the hypothesis that
the complex EVAR of para-renal and thoraco-abdominal aortic aneurysms might induce a
more severe coagulation response along with a more prominent platelet activation.

1.3. Objectives

(1) To evaluate the early (postoperative day one) and late (postoperative day 3 or 4) effects
of complex EVAR of para-renal and thoraco-abdominal aortic aneurysms on coagu-
lation, with respect to von Willebrand factor (vWF), factors VIII and XI, D-dimers,
fibrinogen, Adamts-13 levels, and platelet activation, in patients undergoing complex
para-renal and thoraco-abdominal aortic aneurysm repair (primary endpoint);

(2) To record the incidence of myocardial injury after non-cardiac surgery (MINS), ma-
jor adverse cardiovascular events after non-cardiac surgery (MACE), acute kid-
ney injury (AKI), post-implantation syndrome (PIS), and death from any cause
during hospitalization;

(3) To record the incidence of MACE, implant failure, or death from any cause at 30 days
and 3, 6, and 12 months postoperatively.

2. Materials and Methods
2.1. Experimental Design

This is a prospective observational study that will be conducted at a single ter-
tiary/referral University Hospital using the STROBE guidelines (Strengthening the Report-
ing of Observational Studies in Epidemiology) [18].

2.2. Study Setting

This prospective observational study will be conducted in a tertiary institution, i.e.,
the Larissa University Hospital (UHL). The study plan and data collection are summarized
in Figure 1.

2.3. Study Schedule

Preoperatively and before induction to general anesthesia, the preoperative data,
including demographics (age, gender, body mass index), American Society of Anesthesiolo-
gists physical status (ASA PS), any comorbidities and administrated drug therapy, smoking
status and alcohol intake, the size of aneurysm, the type of graft used, and baseline liver
and renal function will be recorded. In addition, a complete blood count, conventional
coagulation tests, kidney and liver function tests, vWF, factors VIII and XI, D-dimers,
fibrinogen, Adamts-13, platelet activation (multiplate), and high-sensitivity troponin will
be obtained. The anti-Xa value will also be determined in order to rule out an anticoagulant
effect on the laboratory tests.
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Figure 1. Study timeline.

At the first postoperative day, the duration of surgery and the possible occurrence of
MINS, MACE, AKI, and PIS will be recorded, while a complete blood count, conventional
coagulation tests, kidney and liver function tests, vWF, factors VIII and XI, D-dimers,
fibrinogen, Adamts-13, platelet activation (multiplate), and high-sensitivity troponin will
be obtained. The anti-Xa value will also be determined in order to rule out an anticoagulant
effect on the laboratory tests.

At the 3rd or 4th postoperative day, based on the date of discharge, the length of
hospitalization, the number of transfusion units, and the possible occurrence of MINS,
MACE, AKI, and PIS will be recorded. In addition, a complete blood count, conventional
coagulation tests, kidney and liver function tests, vWF, factors VIII and XI, D-dimers,
fibrinogen, Adamts-13, platelet activation (multiplate), and high-sensitivity troponin will
be obtained from a peripheral vein. The anti-Xa value, correlated to the weight and the
dose of the anticoagulant, is also determined in order to rule out an anticoagulant effect on
the laboratory tests.

At 1, 3, 6, and 12 months postoperatively, MACE, implant failure (including secondary
sac rupture, graft explantation, type 1 or 3 endoleak, or major mitigation of the stent
grafts), and death from any cause will be recorded. The study plan and data collection are
summarized in Figure 1.

2.4. Participants

Consecutive patients with para-renal and thoraco-abdominal aortic aneurysms under-
going complex EVAR will be included. All patients will be followed up for 12 months. In
general, patients will be treated according to the guidelines of the European Society for
Vascular Surgery (ESVS) [19].

2.5. Eligibility Criteria

Consecutive adult patients, 18 years or older, with para-renal and thoraco-abdominal
aortic aneurysms undergoing complex EVAR will be included.

Patients that refuse to participate, those who have undergone any prior surgery within
3 months, those with history of inherited or acquired bleeding disorder, those with inherited
or acquired platelet dysfunction, those with factor V Leiden or any type of thrombophilia,
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antiphospholipid syndrome, protein C or S deficiency, or patients with an active malignancy
or a connective tissue or rheumatoid disease and patients classified as ASA PS > 3 will be
excluded. Inclusion and exclusion criteria are presented in Tables 1 and 2.

Table 1. Inclusion Criteria.

Inclusion Criteria

Age > 18 years
Consecutive patients undergoing complex

thoraco-abdominal aortic aneurysm repair in UHL

Table 2. Exclusion Criteria.

Exclusion Criteria

Refuse to participate
Prior surgery within 3 months

History of inherited or acquired bleeding disorder
History of inherited or acquired platelet dysfunction

Patients with factor V Leiden or any type of thrombophilia
Patients with antiphospholipid syndrome

Patients with protein C or S deficiency
Patients with connective tissue or rheumatoid disease

Patients with an active malignancy
ASA PS > 3

2.6. Standard Perioperative Care

Perioperative care will be provided in accordance with institutional guidelines and the
updated Clinical Practice Guidelines on the Management of Abdominal Aorto-iliac Artery
Aneurysms [19]. All patients will be treated by the same surgical and anesthesiologic team
in a fully equipped operating theatre under general anesthesia. Intravenous induction to
general anesthesia will be achieved with propofol and maintenance with desflurane and
dexmedetomidine. In addition to standard monitoring (electrocardiogram, blood pressure,
and pulse oximeter), depth of anesthesia, invasive blood pressure, and goal-directed fluid-
therapy monitoring will be applied. Every effort will be made to follow the selection criteria
recommended by the stent graft manufacturer. However, the final decision will be made by
the treating surgeon.

Preoperatively, patients will be treated with 100 mg of aspirin once daily for at least
5 days. If the patient has been treated with clopidogrel, this will be switched to aspirin
preoperatively for 10 days [20]. Postoperatively, patients will receive 100 mg of aspirin if
there is no bleeding and 75 mg of clopidogrel if there is no neurological dysfunction due
to spinal ischemia and dual antiplatelet therapy (DAPT, aspirin 100 mg and clopidogrel
75 mg) from the next day. If the patient has been treated with anticoagulants, these will
be discontinued preoperatively in accordance with the ACCP guidelines and resumed
on postoperative day 1 or 2, depending on hemostasis [20]. In this case, patients will
be treated preoperatively with aspirin 100 mg once daily for 5 days, and aspirin will be
continued postoperatively.

Systemic heparinization of the patient will be achieved with 5000 units of unfraction-
ated heparin intraoperatively. One hour after the first administration of heparin, and every
30 min thereafter, the activated clotting time (ACT) will be measured. The intraoperative
ACT target is set at 200–300 s.
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2.7. Outcomes

The primary outcome is to evaluate the effects of complex EVAR of para-renal and
TAAA on coagulation with respect to von Willebrand factor (vWF), factors VIII and XI,
D-dimers, fibrinogen, and Adamts-13 levels and on platelet activation (multiplate).

Perioperative laboratory tests will be performed according to institutional guidelines.
These include a complete blood count, conventional coagulation tests, and kidney and
liver function tests. In addition, the following parameters will be determined: vWF,
factors VIII and XI, D-dimers, fibrinogen, Adamts-13, platelet activation (multiplate), and
high-sensitivity troponin (hs-cTNT). The blood samples will be taken at three points in
time: preoperatively before induction to general anesthesia, early postoperatively (1st
postoperative day), and late postoperatively (3rd–4th postoperative day). The anti-Xa
value, correlated to the weight and the dose of the anticoagulant, will also be determined
in order to rule out an anticoagulant effect on the laboratory tests.

MINS, MACE, AKI, PIS, implant failure, and death from any cause during hospitaliza-
tion were defined as secondary outcomes. MACE, implant failure (including secondary sac
rupture, graft explantation, type 1 or 3 endoleak or major mitigation of the stent grafts),
and death from any cause at 1, 3, 6, and 12 months postoperatively were also defined as
secondary endpoints [21].

MINS is defined as postoperative hs-cTNT concentration 20 to 65 ng/L with an
absolute change of >/=5 ng/L or any postoperative absolute value >/=65 ng/L [22,23].

MACE is defined as myocardial infarction (any clinical symptom associated with an
acute coronary syndrome and/or any new electrocardiographic sign or high-sensitivity
troponin elevation), arrhythmia (any event of atrial or ventricular tachycardia with more
than 90 pulses per minute or any episode of bradycardia of less than 50 pulses per minute),
and stroke (any transient ischaemic attack, any stroke: major or minor according to Rankin
Score) [24].

PIS is defined as the presence of at least two of the systemic inflammatory response
syndrome (SIRS) criteria, including fever >38 ◦C and leucocytosis >12,000/µL and obvious
clinical or biochemical sign of infection (negative urine and blood cultures and chest
X-ray) [24].

AKI is defined according to the RIFLE criteria (Risk, Injury, Failure, Loss of kidney
function, and End-stage kidney disease), as a twofold increase in serum creatine or >50%
decrease in GFR (estimated using the Cockcroft–Gault equation) [24].

2.8. Data Collection

Most of the data will be obtained from the routine admission documents and the
electronic patient file. They will be recorded in a password-protected spreadsheet. Basic
data collection will include demographics (age, gender, body mass index), ASA physical
status, any comorbidities and administrated drug therapy, smoking status and alcohol
intake, the size of aneurysm, the type of graft, liver and renal function, the duration of
surgery, the length of hospitalization, the number of transfusion units, and the possible
occurrence of MINS, MACE, AKI, and PIS. The basic data that will be collected are presented
in Table 3.

As far as the laboratory values are concerned, the following parameters will be de-
termined: vWF, factors VIII and XI, D-dimers, fibrinogen, Adamts-13, platelet activation
(multiplate), and high-sensitivity troponin. All samples will be taken by puncturing a
peripheral vein. The blood samples will be taken at three points in time: preoperatively
before induction of general anesthesia, early postoperatively (1st postoperative day), and
late postoperatively (3rd–4th postoperative day). The anti-Xa value, correlated to the
weight and the dose of the anticoagulant, will also be determined in order to rule out an
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anticoagulant effect on the laboratory tests. The additional laboratory values that will be
collected are presented in Table 4.

Table 3. Basic Data Collection.

Basic Data Collection

Demographics: age, gender, body mass index MINS
ASA PS MACE

Comorbidities and administrated drug therapy AKI
Lifestyle: smoking status, alcohol intake PIS

Size of aneurysm Duration of surgery
Type of graft Length of hospitalization

Liver and renal function Transfusion units
MINS: myocardial injury after non-cardiac surgery, MACE: major adverse cardiovascular events after non-cardiac
surgery, AKI: acute kidney injury, PIS: post-implantation syndrome (PIS).

Table 4. Laboratory values.

Laboratory Values

vWF Factor VIII
Factor XI D-dimers

Fibrinogen Adamts-13
Platelet function (multiplate R) Anti-Xa

3. Statistical Methods
3.1. Sample Size

Our study will include one group arm. According to our power analysis (F-test,
Anova Repeated Measures, within factors), for a cohort of patients with three consecutive
laboratory measurements, considering an effect size = 0.25, a = 0.05, and 95% power,
58 patients should be included in the study. To compensate for possible dropouts, the
sample size was increased to 65 patients.

3.2. Statistical Analysis

The normality of our data will be tested with both the Shapiro–Wilk and the
Kolmogorov–Smirnov tests. Fisher’s exact and chi-square tests will be used for the eval-
uation of differences between categorical variables, and the data will be presented as
frequencies and percentages. Continuous variables, following a normal distribution, will be
tested with the student’s t-test and will be presented as mean and standard deviation (SD),
while the Mann–Whitney U test will be used for those without a normal distribution, and
data will be presented as median and interquartile range (IQR). Anova Repeated Measures,
parametric or nonparametric test, as appropriate, will be used for the evaluation of possible
differences among parameters measured at different time points.

A univariate and multivariate analysis will be conducted using linear or logistic
regression, as appropriate, with backward stepwise elimination for the assessment of
independent risk factors contributing to our primary outcome. Our final multivariable
model will include variables with p-values < 0.1 in the univariate regression, while the
choice of variables will also be based on scientific knowledge. Variance inflation factor (VIF)
will be used for the assessment of multicollinearity issues. Independent factors contributing
to our primary outcome will be presented as odds ratio (O.R.) or regression coefficient and
95% confidence interval (CI) as appropriate.

Sensitivity and specificity analyses will also be performed using the Receiver Operat-
ing Characteristic Curves (ROC). Data will be analyzed using the Statistical Package for the
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Social Sciences (SPSS, version 28.0; IBM, Armonk, NY, USA) and GraphPad Prism Software
(La Jolla, CA, USA, version 10.4.4), and p-values < 0.05 will be considered significant.

4. Ethics and Dissemination
The study has been approved by the Ethical Committee of Larissa University Hospital

(22438-27 May 2024). All patients will be informed verbally and in writing. In accordance
with the Declaration of Helsinki, written informed consent will be obtained from all
participating patients. For patients who are unable to provide informed consent, their next
of kin will provide informed consent [25]. Participants’ data will be pseudo-anonymized
with a study identification (ID) [18]. This study has been registered at clinicaltrials.org
(NCT06432387, registered in May 2024).

5. Expected Results
By conducting this prospective study, we aim to investigate the effects of complex

EVAR of para-renal and TAAA on blood coagulation with regard to vWF, factors VIII and
XI, D-dimers, fibrinogen, and Adamts-13 and platelet activation (multiplate) in patients
undergoing complex para-renal and thoraco-abdominal aortic aneurysm repair. In addition,
the incidence of MINS, MACE, AKI, PIS, implant failure, and death from any cause will be
investigated in patients undergoing complex EVAR of para-renal and TAAA. Moreover,
we believe that the results of our study could guide the design of future studies in this
high-risk population, where high-quality data are still lacking.

6. Strengths and Limitations
The fact that the study will be conducted at a single center, with one group arm,

and the fact that certain laboratory values will be assessed should be considered as the
main limitations. However, the study design was based on any available means and
markers from our hospital. Moreover, to the best of our knowledge, this is the first study
to investigate the aforementioned specific coagulation factors, including Adamts-13, in
the perioperative setting in complex endovascular aneurysm repair of para-renal and
thoraco-abdominal aortic aneurysms.

7. Conclusions
In summary, the results of the present study could help physicians to better understand

the impact of complex para-renal and thoraco-abdominal EVAR on blood coagulation and
platelet activation.

8. Patients’ Involvement and Dissemination Strategy
The study findings will be submitted for publication in peer-reviewed journals and

will be presented at scientific meetings.
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