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Ozet

Amag¢: Minimal invaziv endovaskiiler stent greftleme yontemleri olan endovaskiiler aort onarimi (EVAR) ve torasik endovaskiiler aort onarimi (TEVAR),
aort anevrizmalarinin tedavisinde geleneksel ve invaziv agik cerrahiye alternatif olarak uygulanmaktadir. Bu ¢aligmanin amaci hastanemizde EVAR ve
TEVAR uygulanan hastalarda uygulanan anestezi yontemlerini degerlendirmektir.

Gerec ve Yontemler: Calismamizda 01.01.2015-31.05.2022 tarihleri arasinda endovaskiiler aort onarimi yapilan 95 hastanin dosyalar geriye doniik olarak
incelendi. Hastalara iliskin tanimlayici verilerin yani sira ameliyat siiresi, yogun bakim ve hastanede kalis siiresi gibi veriler toplanarak degerlendirildi.

Bulgular: Endovaskiiler aortik greftlemenin 14 hastaya genel anestezi (GA) (Grup GA) altinda, 67 hastaya sedo-analjezi (SA) (Grup SA) altinda yapildig1
belirlendi. 75 hastaya EVAR, 6 hastaya TEVAR uygulandi. EVAR hastalarmm 11’inin GA, 64 iiniin SA ile tedavi edildigi goriildi. Hastalarin yas ortalamasi
68.73+8.31 y1l olup, 75’1 erkekti. Hasta komorbiditeleri goz 6niine alindiginda gruplar arasinda anlamli fark yoktu (p>0.05). Yogun bakimda kalis siireleri
hastanede kalis siireleri agisindan degerlendirildiginde gruplar arasinda istatistiksel olarak anlaml fark bulunmad: (p>0.05).

Sonug: Bu calismada klinigimizde EVAR/TEVAR uygulanan hastalarda intraoperatif s1v1 gereksinimi disinda anestezi yonteminin istiinliigiinii belirleye-
medik.

Anahtar Kelimeler: Genel anestezi, Sedo-analjezi, Endovaskiiler aort tamiri

Abstract

Objective: Endovascular aortic repair (EVAR) and thoracic endovascular aortic repair (TEVAR), which are minimally invasive endovascular stent grafting
methods, are applied as alternatives to traditional and invasive open surgery in the treatment of aortic aneurysms. The aim of this study was to evaluate the
anesthesia methods applied in patients who underwent EVAR and TEVAR in our hospital.

Materials and Methods: The files of 95 patients who underwent endovascular aortic repair between 01.01.2015 and 31.05.2022 were reviewed retrospec-
tively. Descriptive data on patients, as well as data such as the duration of surgery, intensive care and hospital stay were collected and evaluated.

Results: It was determined that endovascular aortic grafting was performed under general anesthesia (GA) (Group GA) in 14 patients and with sedo-anal-
gesia (SA) (Group SA) in 67 patients. EVAR was administered to 75 patients and TEVAR to 6 patients. Eleven of the EVAR patients received GA and 64
received SA. The mean age of the patients was 68.73+8.31 years, and 75 of the patients were male. There was no significant difference between the groups
with regards to comorbidities (p>0.05). When the length of stay in the intensive care unit was evaluated in terms of duration of hospitalization, there was no
statistically significant difference between the groups (p>0.05).

Conclusion: In this study, GA and SA gave similar outcomes an in patients who underwent EVAR/TEVAR in our clinic, except for the intraoperative fluid
requirements.
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INTRODUCTION

For decades, aortic aneurysms have been treated us-
ing traditional, invasive open surgical procedures. Pa-
tients requiring surgery for aortic aneurysm are usually
aged >60 years and have multiple comorbidities, which
are related to perioperative morbidity and mortality
(1). Parodi et al. (2), first introduced the minimally in-
vasive endovascular aortic stent grafting technique in
1990 as an alternative to the traditional open surgical
method. As methods such as “endovascular aortic re-
pair” (EVAR) and “thoracic endovascular aortic repair”
(TEVAR) shorten hospital stay, decrease hemodynamic
fluctuations and endocrine stress response, lower the
mortality and/or morbidity rate, lessen the requirement
for blood and/or blood transfusions, and decrease risk
of blood loss, they have become the preferred option
for repair of aortic aneurisms (3,4).

General anesthesia, local anesthesia, sedo-analgesia,
regional anesthesia or their combinations are used as
anesthesia methods in these procedures. However, each
anesthesia technique has advantages and disadvantages
when compared to each other (5-9).

The purpose of this study is to retrospectively ana-
lyze the anesthetic techniques used in patients who
underwent EVAR and TEVAR at our institution and to
report our findings in light of literature.

MATERIALS AND METHODS
Study Design

After local ethics committee approval (OMUEK,
Approval No: 2022/145), data of patients undergoing
EVAR and TEVAR at Samsun University Faculty of
Medicine Training and Research Hospital between 1st
January 2015 and 31st May 2022 were retrospectively
collected from hospital data systems. The patients were
divided into two groups according to the type of an-
esthetic used in EVAR and TEVAR: general anesthe-
sia (Group GA) or sedo-analgesia (Group SA). In our
clinic, these types of surgery are performed under ei-
ther general anesthesia or sedo-analgesia, with the im-
plementation of standard protocols for both anesthe-
sia management choices. Patients in which anesthesia
management was not as described in the “Perioperative
Anesthesia” section of this manuscript, were excluded
from the study.

Data collection

The following patient data was obtained from writ-
ten and electronic medical records (FONET hospital
information management system, V4.22.6.1 Turkiye
Database):

o Age and gender,

o American Society of Anesthesiology (ASA)
scores,

« Smoking status,

o Presence/history of hypertension (HT), diabetes
mellitus (DM), chronic obstructive pulmonary
disease (COPD), kidney failure, and coronary
artery bypass grafting surgery,

« Type of anesthesia and its duration,

o Type and duration of surgery,

o Preoperative ejection fraction (EF),

o Preoperative and postoperative complete blood
count and biochemistry values

o Intraoperative fluid, inotrope, vasodilator, vaso-
pressor and atropine requirements,

« Additional complications,

o Arterial-central vein catheterization,

 Charlson comorbidity index (CKI),

« Length of stay in hospital and intensive care unit

Perioperative anesthesia and analgesia

In all patients: After the patient was transported to
the angiography unit, standard monitoring was carried
out. Preoperative antibiotic prophylaxis with 1gr cefa-
zolin sodium IV was performed. Patients were sedated
with 0.03-0.05mg/kg midazolam. A urinary catheter
was inserted. Invasive arterial monitoring and central
vein catheterization were undertaken in select patients.

General anesthesia protocol: After induction of
anesthesia with intravenous administration of propofol
1-2 mg/kg, fentanyl 2-5 mcg/kg, and rocuronium 0.6-
0.9 mg/kg, anesthesia maintenance was achieved using
1 minimal alveolar concentration (MAC) inhaled sevo-
flurane and intravenous remifentanil infusion of 0.1-
0.3 mcg/kg/min.

Sedoanalgesia protocol: After intravenous ad-
ministration of fentanyl 1-2 mcg/kg to the patients, a
remifentanyl 0.1-0.3 mcg/kg/min IV infusion was ad-
ministered. The procedure was continued using local
anesthetics.

Perioperative care: After anesthesia, 80 U/kg intra-
venous (IV) heparin was administered to all patients.
A Gore-Excluder aortic bi-iliac stent was placed in all
patients. In case of a 25% increase in mean arterial pres-
sure (MAP) baseline values, nitroglycerin 100 mcg IV
push or 10-100 mcg/min IV infusion was started. In
case of a 25% decrease in MAP basal values, ephedrine
5mg IV was administered. Through measurement of
the activated coagulation time (ACT), the effect of hep-
arin was neutralized with protamine sulfate over 300
seconds.
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All patients were taken to the post anesthetic care
unit (PACU) for close follow-up after completion of the
procedure.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS)
16.0 program was used for statistical analysis. Descrip-
tive statistics were expressed as mean * standard devia-
tion, minimum and maximum. Proportional data were
compared using the Chi-square test. The Man Whitney
U test was used to determine whether there was a dif-
ference between the study groups in terms of data such
as age, duration of the procedure, need for intensive
care and length of hospital stay. p<0.05 was considered
as being statistically significant.

The ethics committee approval of the study was ob-
tained from Samsun University Faculty of Medicine,
Clinical Research Ethics Committee (Date:2022, proto-
col number: 145).

RESULTS

The data of 95 patients who underwent endovas-
cular intervention for aortic aneurysm in our hospital

over a 7-year period were analyzed. Six patients were
excluded from the study due to insufficient perioper-
ative data or missing follow-up data, five patients for
deviating from defined regular procedures, and three
patients for developing complications or the necessity
for additional procedures. Therefore, data from 81 pa-
tients were analyzed. Figure 1 depicts the study’s flow
diagram.

The mean age of the patients was 68.73+8.31 years,
and 92.5% of the patients (75 patients) were male and
7.5% (6 patients) were female. There were 41 patients
with no or one comorbidity, 23 patients with 2 accom-
panying comorbidities, and 17 patients with 3 or more
comorbidity (Table 1).

There were 61 patients with a Charlson comorbid-
ity index of 1-2, 15 patients with an index of 3-4, and
5 patients with an index of >5. The average Charlson
comorbidity index was similar between the groups
(p=0.48) (Table 1).

Fourteen patients (17%) underwent endovascular
aortic grafting under general anesthesia (Group GA),
while 67 patients (83%) underwent the procedure un-
der sedo-analgesia (Group SA). TEVAR was adminis-
tered to 6 individuals whereas EVAR was administered

Patients undergoing elective
EVAR or TEVAR

Enrolled
(n: 95)

|

Included
(n: 81)

Excluded
(m: 13)

N

GA
(General Anesthesia)

(n: 14)

o e
EVAR

Figure 1. Flow diagram of the study.
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Table 1. Descriptive data of all patients and groups. (ASA: American Society of Anesthesiologists, CCI: Charlson

Comorbidity Index)

All patients (n: 81) Group GA (n: 14) Group SA (n: 67) P
Age (years) 68.73+£8.31 67.28+8.92 69.0£8.22 0.48
Gender (F/M) 6/75 1/13 5/62 0.96
ASA
11 4 1 4
111 68 12 55 0.83
v 9 1 8
Number of comorbidities (n)
<1 41 7 34
2 23 18 0.71
>3 17 2 15
CCI
1-2 61 12 49
3-4 15 1 14 048
>5 5 1 4

Abbreviations: GA; general anesthesia; SE: sedo-analgesia.

to 75 patients. For those undergoing EVAR, 11 received
general anesthesia while 64 received sedo-analgesia.
For those undergoing TEVAR, three received general
anesthesia and three received sedo-analgesia.

Table 2 displays the preoperative and postoperative
laboratory values of the patients. The patients’ preop-
erative mean ejection fraction was determined to be
55.01+6.52. In terms of preoperative and postoperative
EE Hb, Htc, BUN, and creatinine levels, there was no sta-
tistical difference between the groups (p>0.05) (Table 2).

Perioperative surgical and anesthetic data and drug/
inotropic requirements for all patients and groups is
given in Table 3.

The duration of surgery was 136.42+37.99 minutes in
group GA and 130+57.02 minutes in group SA. Central
venous catheter was applied to 1 patient in group GA
and 3 patients in group SA. Intraoperative fluid balance
was 1625+516.55 mL in group GA and 1238.8+441.91
mL in group SA (p=0.01). Vasodilator was required in
nine patients in group GA and in 27 patients in group
SA. Vasopressors were used in one patient in group GA
and in four patients in group SA. There was no statisti-
cally significant difference between the groups in terms
of these data (p>0.05) (Table 3).

The length of hospital and intensive care unit (ICU)
stay are shown in Table 4. The average length of stay in

Table 2. Preoperative and postoperative laboratory findings.

All patients (n:81) Group GA (n:14) Group SA (n:67) p

Preop EF 55.01+6.52 56.42+6.33 54.71+6.63 0.37
Preop Hb (mg/dl) 12.93+1.91 12,72+1.09 12.98+2.06 0.5

Preop Htc 38.41+5.97 38.47+3.19 38.40+6.43 0.95
Preop BUN (mg/dl) 38.93+15.47 31.75+16.61 40.42+14.85 0.05
Preop Kreatin (mg/dl) 1.12+0.93 0.89+0.50 1.17+£0.99 0.12
Postop Hb (mg/dl) 12.1749.11 11.11+1.62 12.39+£9.93 0.32
Postop Htc 36.15+26.61 33.31+£5.23 36.75+28.99 0.36
Postop BUN (mg/dl) 40.16+17.85 35.41+16.53 41.16£18.02 0.27
Postop Kreatin (mg/dl) 1.15+0.96 1.01+0.44 1.17+1.03 0.35

Abbreviations: GA; general anesthesia; SE: sedo-analgesia; EF: Ejection Fraction, Hb: Hemoglobin, Htc: Hematocrit, BUN: Blood Urea Nitrogen.
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Table 3. Comparison of perioperative surgical/anesthetic data and drug/inotrope requirements. (m: minutes, ml:

milliliter, Y: yes/present, N: no/not present)

All patients Group GA Group SA
(n:81) (n:14) (n:67) P

Duration of anesthesia (minutes) 153.82+55.52 162.14+38.61 152.08+59.33 0.43
Type of Surgery
EVAR 75 11 64
TEVAR 6 3 3 002
Duration of surgery (mins) 131.11+53.6 136.42+37.99 130.0+57.02 0.6
Central Catheter (Y/N) 4/77 1/13 3/64 0.17
Intraoperatively administered fluid (ml) 1305.55+477.95 1625.0+516.55 1238.8+441.91 0.01
Vasodilator (Y/N) 36 9 27 0.1
Vasopressor (Y/N) 5 1 4 0.86

Abbreviations: GA; general anesthesia; SE: sedo-analgesia; EVAR: endovascular aortic repair; TEAR: thoracic endovascular aortic repair.

Table 4. The length of hospital and ICU stay.

All patients (n:81) Group GA (n:14) Group SA (n:67) P
ICU Stay (days) 2.01+3.51 1.35+0.84 2.14+3.81 0.13
Hospital Stay (days) 10.54+5.50 11.21+5.07 10.40+5.59 0.61

Abbreviations: GA; general anesthesia; SE: sedo-analgesia; ICU: intensive care unit.

the intensive care unit was 1.35+0.84 days in group GA
and 2.14+3.81 days in group SA. The average duration
of hospitalization was 11.21+5.07 days in the group GA
and 10.40+5.59 days in group SA. There was no statis-
tically significant difference between the groups for this

quired in any of those cases. Although sedo-analgesia
is the most commonly used anesthesia method in our
center, it should be noted that many factors regarding
patient safety effect the selection of anesthesia meth-
od in EVAR/TEVAR applications, such as the experi-

data (p>0.05). ence of the surgery and anesthesia team, the physical
conditions of the health center, the environment, and
DISCUSSION equipment. It is therefore rational for each center to

decide upon their own anesthesia management plan,
in light of the aforementioned factors as well as litera-
ture findings.

Our retrospective study has demonstrated that the
anesthetic technique used in our EVAR/TEVAR cases
had no effect on any parameter except for intraoper-
ative fluid demand. There was no correlation between
the type of anesthetic used and surgery time, hospitali-
zation, or ICU stay.

Our clinic’s sedo-analgesia protocol includes mida-
zolam, fentanyl, and remifentanil followed by local an-
esthetic administered by the surgical team prior to the
surgical procedure. There are numerous techniques for
sedo-analgesia applications in EVAR/TEVAR, and our
protocol has fallen somewhat behind recent practices.
New mixes, such as ketamine and propofol (ketafol) and
ketamine and dexmedetomidine (ketadex), have be-
come increasingly popular in the last five years (19,20).
Also, one of the newer sedatives, Remimazolam, ap-
pears to be gaining popularity for procedural sedation,
and can be used in these surgeries (21). Studies evalu-
ating protocols that utilize new agents and mixtures for
sedo-analgesia in EVAR/TEVAR are required to com-
pare them to more conservative modalities.

Studies evaluating the anesthesia technique used in
EVAR-TEVAR report the use of differing anesthesia
management plans, including the use of general anes-
thesia, neuraxial anesthesia, sedo-analgesia and local
anesthesia (10-16). Furthermore, while some stud-
ies report predominant use of neuraxial anesthesia
(10,11,16), some centers predominantly use general an-
esthesia (17), and some, like our center, utilize sedo-an-
algesia (18) as the major anesthetic method.

In our study, a majority of cases were managed
using sedo-analgesia. General anesthesia was not re-
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In a study of 239 EVAR patients, Verhoeven et al.
(22) compared patients that were administered local,
regional, and general anesthesia, and found that the
length of stay in the hospital and intensive care unit was
greater in the group given general anesthesia. Similarly,
in the EuroSTAR trial conducted by Ruppert V. et al.
(23), time spend in hospital and ICU were found to be
longer in the general anesthesia group. In their study of
229 patients, De Virgilio et al. (13) evaluated local and
general anesthesia in EVAR patients, and the length of
stay in the intensive care unit was shown to be consid-
erably greater in the local anesthetic group. There was
no difference between the groups in our investigation.
We suspect that this is due to the limited sample size.

Bettex et al. (24) reported that hemodynamic stabil-
ity was better established in patients who underwent lo-
cal anesthetic under sedation versus general anesthesia,
resulting in decreased vasopressor and fluid demand.
In our investigation, we discovered that the group SA
required less fluid when compared to group GA. When
absolute avoidance of hemodynamic instability is re-
quired, sedo-analgesia may be preferable.

Owing to the increasing use of ultrasound technol-
ogy in anesthesia practice, peripheral blocks or fascial
plane blocks have become a common component of
the anesthetic technique for a variety of surgical oper-
ations (25). In EVAR, a combination of ilioinguinal-il-
iohypogastric block and sedation has been reported as
the most common anesthetic technique (26). With the
introduction of fascial plane blocks and nerve blocks
into anesthesia practice, sedoanalgesia practice has also
evolved. In addition, literature will benefit from trials
validating the use of sedoanalgesia with novel agents
(remimazolam, ketodex, etc.) in EVAR, using estab-
lished monitoring techniques like the analgesia nocic-
eptive index.

Our study has some limitations. First, the study’s
retrospective design may predispose to bias, which is
our biggest weakness. Furthermore, drugs such as dex-
medetomidine, for example, could have been utilized
for increased hemodynamic stability. Furthermore, the
distribution of cases per year is not uniform. Due to
the COVID pandemic in 2020-2021, EVAR/TEVAR
was also restricted, as were many surgical procedures.
Furthermore, we analyzed a seven-year period in our
study, during which time, advances and variances in
medical technology could have occurred and influ-
enced the data.

To conclude: In both EVAR and TEVAR, general
anesthesia and sedo-analgesia can be employed for an-
esthetic management, and there is no significant differ-
ence in perioperative and postoperative results between

these two approaches, according to our retrospective
data analysis. However, prospective randomized trials
are required.
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