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Abstract

Thoracic endovascular aortic repair (TEVAR) is a new alternative surgical treatment for aortic pathologies, which is mb

minimally invasive. The aim of current study was to summarize the single-center experience of general anesthesia for patients
undergoing TEVAR. In adult patients undergoing surgery for congenital heart disease, the strategy of “fast-track” anesthesia with
early extubation in theater is associated with a shorter intensive care unit (ICU) stay, and lower health-care-related costs. Fast-
track anesthesia has not been assessed in patients under TEVAR. Adult patients who received general anesthesia for TEVAR
in our center from January 2020 to December 2020 were included. Baseline characteristics, airway management, anesthetic
technigues and major complications were collected. A total of 204 (171 male, mean age 58.1+11.5 years) patients met inclusion
criteria for this study. The distribution of pathologies included 29 descending thoracic aneurysms, 87 type B dissections, and
88 intramural hematoma/perforating aortic ulcer. Etomidate was the induction agent in 190 (93.1%) patients, compared with
propofol in 16 (7.8%). Cisatracurium was the muscle relaxant in 201 (98.5%), compared with rocuronium in 3 (1.5%). Midazolam
(benzodiazepines) was given to 124 (60.8%) patients during anesthesia induction. General anesthesia was maintained with
sevoflurane in 85.3% (174) patients, dexmedetomidine in 201 (98.5%) and propofol in 204 (100%). Postoperative length of stay
(LOS) in the hospital was 6.0 (5.0-7.8) days. LOS in the ICU was 23.0 (20.0-27.8) hours. Overall neurologic event rate was 2.0%
(n = 4) (spinal cord ischemia 1.5% [n = 3]; stroke 0.5% [n = 1]). After matching, patients who received “fast-track” anesthesia had
a shorter LOS in ICUs (21.0 [18.0-24.0] vs 24.0 [20.0-44.0] hours; P = .005), and a shorter postoperative LOS in hospital (5.0
[4.0-7.0] vs 6.0 [5.0-8.0] days; P = .001). There were no in-hospital deaths. Fast-track anesthesia is feasible and safe in patients
underwent TEVAR. This management strategy is associated with shorter LOS of ICU and total postoperative hospital stays. An
early extubation strategy should be implemented for hemnodynamically stable patients.

Abbreviations: AAS = acute aortic syndrome, ACT = activated clotting time, AKI = acute kidney injury, BIS = bispectral index,
BMI = body mass index, CSF = cerebrospinal fluid, ICU = intensive care unit, IQR = interquartile range, LOS = length of stay, MAP
= mean arterial pressure, PIS = post-implantation syndrome, SCI = spinal cord ischemia, TEVAR = thoracic endovascular aortic

repair.
Keywords: fast-track anesthesia, management, TEVAR

1. Introduction

Acute aortic syndrome (AAS) is an acutely presenting, poten-
tially fatal pathology within the wall of the aorta. AAS con-
sists of aortic dissection, intramural hematoma, and penetrating
atherosclerotic ulcer.!"! Aortic diseases can be broadly classified
as thoracic aortic aneurysm, abdominal aortic aneurysm, and
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AAS.”I Despite important advances in diagnostic and thera-
peutic interventions, data derived from registries and popula-
tion-based studies highlight that the burden of aortic diseases
remains high.

In the past, the traditional treatment was conservative treat-
ment and surgical repair. Since 1994, thoracic endovascular
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aortic repair (TEVAR) was introduced as a less invasive alterna-
tive to open surgical repair for treatment of descending thoracic
aortic aneurysms.®! Although endovascular techniques were
initially reserved for patients not suitable for conventional sur-
gery, its availability and relative ease of application led to rapid
expansion of indications. Much studies had reported the safety
and feasibility of this therapy in various patient groups.'**l
Providing anesthesia for patients undergoing TEVAR is com-
plex and requires profound knowledge and clinical experience.
Studies on best anesthetic management are scarce. The aim of
this study is to summarize the general anesthetic management
of TEVAR in 2020 and the short-term prognosis of patients
(during hospitalization).

2. Methods

2.1. Study design and population

In this retrospective study, we analyzed TEVAR cases performed
between January 2020 and December 2020. The authors’ insti-
tutional ethics committee approved the investigational protocol
(2019-1301). Because of the retrospective nature of this study,
patient consent was waived.

Data on all patients > 18 years of age who underwent TEVAR
at authors’ hospital between January 2020 and December
2020 were obtained and studied. The inclusion criteria were
as follows: adult patients (>18 years old); patients undergoing
TEVAR. Exclusion criteria included: patients who received pre-
vious aortic surgery; patients whose anesthesia records were
missing or incomplete; patients undergoing TEVAR with local
anesthesia; and concurrent thoracic and abdominal aortic endo-
vascular repair. The remaining 204 patients were included for a
retrospective analysis.

2.2. Data collection

Data including demographic characteristics, medical history,
procedural data, anesthesia management, and outcomes were
collected for analysis. Patients” demographics included age, sex,
body mass index (BMI), comorbidities, and history of smoking.
Data were recorded by 2 researchers.

2.3. Definitions

Fast-track anesthesia was defined as on-table extubation of
patients in the operation theater.

Post-operative delirium had been defined as an acute change
in cognitive status characterized by fluctuating attention and
consciousness at any time after surgery until discharge.”
Descriptive words documenting the presence of delirium
include: mental status change, confusion, disorientation, agita-
tion, delirium, inappropriate behavior, inattention, hallucina-
tions, combative (e.g., pulling out lines or tubes), etc.

We defined acute kidney injury (AKI) using the consensus
Kidney Disease Improving Global Outcomes criteria as at least
a 50% and/or a 0.3 mg/dL increase in serum creatinine level (to
convert to micromoles per liter, multiply by 88.4) relative to the
preoperative reference value.'® The highest postoperative value
is limited within 5 days postoperatively. Postoperative fever was
defined as body temperature of >38°C.[10.11

2.4. Statistical analysis

Categorical variables are presented as numbers and percent-
ages. For the descriptive analysis of continuous variables, mean
value with standard deviation (for a normal distribution) and
median value with interquartile range (IQR) (for non-normal
distribution), were calculated. We used the Student’s ¢ test,
Mann-Whitney U test, > test, or Fisher’s exact test to compare
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differences between 2 groups where appropriate. A 2-sided o
of less than 0.05 was considered statistically significant. A 1:1
propensity match analysis was used to balance important clini-
cal factors, such as age, gender, BMI, elective or emergency and
operative procedure. Statistical analyses were done using the
SPSS 25 (SPSS Inc., an IBM company, Chicago, USA).

2.5. Surgical protocol

The procedures were performed by the same operation team.
All patients were administered general anesthesia in our hybrid
operating theater. The femoral artery was exposed surgically or
percutaneously using suture device.

All the 204 patients were treated by TEVAR, and the detailed
procedures of TEVAR were reported in previous literature by
the same surgeon team.!"? If the lesion involves the aortic arch,
the technique of reconstruction of the arch vessels (chimney,
fenestrated, periscopes or TEVAR concomitant with supra-arch
bypass) was determined by the surgeon according to the charac-
teristics of aortic pathologies.!'3!

Antibiotic prophylaxis was administered intravenously before
the procedure. Heparin was administered upon the access site
was surgically exposed and activated clotting time (ACT) was
maintained beyond 200s throughout the procedure; the ACT
was checked every 60 minutes.

At the end of the procedure, after the removal of the large
sheath, the arteriotomy was repaired. After surgery, the patient
was returned to the intensive care unit (ICU). All patients under-
went postoperative computed-tomographic angiography prior
to discharge.

3. Results

3.1. Baseline characteristics

In total, 240 cases were identified between January 2020 and
December 2020. After applying exclusion criteria and exclud-
ing cases with missing data, the final sample size was 204 cases
(Fig. 1).

Among 204 patients, mean age was 58.1=11.5 years and
171 (83.8%) were male. The mean BMI was 26.3 = 3.4 kg/m?,
and the most common comorbidities were hypertension (168,
82.4%) and dyslipidemia (67, 32.8%). Demographic data
and clinical features of the overall population are shown in
Table 1.

3.2. Anesthesia management

In the operating room, patients received routine monitoring,
including ECG, invasive arterial blood pressure, pulse oximetry,
capnography, and urine output, while central venous pressure,
and the bispectral index (BIS) were not part of the routine mon-
itoring. Invasive arterial blood pressure was instituted before
anesthesia induction. Although invasive arterial line monitor-
ing is required, the location of the arterial line should be dis-
cussed with the vascular surgeon. The left radial artery is usually
chosen for arterial cannulation. If additional stent grafts may
require left brachial access or if thoracic aortic stent grafts may
cover the left subclavian artery take-off, arterial access should
be obtained in the right arm. Details are shown in Figure 2.

In our center, no anesthetic premedication was administered.
Commonly used induction agents are etomidate (0.2-0.3 mg/
kg) 93.1% (190), midazolam (1-2mg) 60.8% (124), sufentanil
(0.3-0.5 pg/kg) 100% (204), cisatracurium (0.15-0.2 mg/kg)
98.5% (201), and some adjuncts such as dezocine (5-10mg),
lansoprazole (30mg), tropisetron (5mg), and penehyclidine
(0.5-1mg) (Fig. 3A).

During maintenance of general anesthesia, propofol (2-4 mg/
kg/h), dexmedetomidine (0.2-0.4 pg/kg/h) and sevoflurane (1%)
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TEVAR patients between January 2020
and December 2020 (n=240)

Excluded (n=36)

Previous aortic surgery (n=17)

Local anesthesia (n=8)

Missing or incomplete recdords (n=7)
Concurrent thoracic and abdominal
aortic endovascular repair (n=4)

Patients included in the analysis (n=204)

Figure 1. Study flow chart. TEVAR = thoracic endovascular aortic repair.

Baseline clinical characteristics of patient population.

Parameter All (n = 204) Non-fast (n = 90) Fast (n =114) Pvalue
Age, yr 58.1+11.5 56.6+11.1 59.2+11.7 .109
Male 171 (83.8) 79 (87.8) 92 (80.7) 173
BMI, kg/m? 26.3+3.4 271+35 256+3.2 .001*
Comorbidity
Hypertension 168 (82.4) 73(81.1) 95 (83.3) .679
Coronary heart disease 37 (18.1) 16 (17.8) 21(18.4) .906
Diabetes 27 (13.2) 10 (11.1) 17 (14.9) 426
Dyslipidemia 67 (32.8) 35(38.9) 32 (28.1) 102
Ischemic stroke 22 (10.8) 6(6.7) 16 (14.0) 092
Current or previous smoke 129 (63.2) 66 (73.3) 63 (55.3) .008*
Previous PCI 14 (6.8) 7(7.8) 76.1) 646
ASA class
I 18(8.8) 6(6.7) 12 (10.5) 335
[\ 186 (91.2) 84 (93.3) 102 (89.5)
Preoperative medications
Aspirin 25(12.2) 11 (12.2) 14 (12.3) .99
P2Y12 antagonist 8 (3.9 1(1.1) 76.1) 14
LMWH 3(1.42) 2(2.2) 1(0.9 .836
Statin 57 (27.9) 24 (26.7) 33(28.9) 719
ACEI/ARB 84 (41.1) 35(38.9) 49 (43.0) 555
Anticoagulant 1(0.4) 0(0) 1(0.9 1.000
Beta blockers 153 (75) 70 (77.8) 83 (72.8) 416
CCB 165 (80.8) 78 (86.7) 87 (76.3) .062
Elective 193 (94.6) 80 (88.9) 113 (99.1) .004*
Pathology
Aneurysm 29 (14.2) 9(10.0) 20 (17.5) .001*
Dissection 87 (42.6) 51 (56.7) 36 (31.6)
IMH/PAU 88 (43.1) 30(33.3) 58 (50.9)
Hemoglobin, g/L 13416 133+15 13417 781
White blood cell count, x10°%L 7.82+2.64 8.47+2.95 7.30+2.25 .002¢
Platelet count, x10%L 236+87.6 244 +90 230+86 .235
D-dimer, pg/mL 1.19(0.48-2.55) 1.25(0.76-2.72) 1.13(0.35-2.44) 145
Albumin, g/L 37.59+3.46 37.89+3.89 37.41+3.10 32

Categorical data are given as numbers and percentages. Continuous data are given as mean value with standard deviation (for a normal distribution) and median value with interquartile range (25th—75th
percentiles) (for a non-normal distribution). 2 values are calculated by Student’s ¢ test, Mann—Whitney U test, 2 test, or Fisher’s exact test, as appropriate.
ACEI/ARB = angiotensin-converting enzyme inhibitor/angiotensin receptor blockers, ASA = American Society of Anesthesiologists, BMI = body mass index, CCB = calcium channel blockers, IMH =
intramural hematoma, LMWH = low-molecular-weight heparin, PAU = penetrating aortic ulcer, PCl = percutaneous coronary intervention.

*P < .05.

were regularly used in most cases (Fig. 3B). In addition, we found
that ultra-short-acting remifentanil (0.1 pg/kg/min) was used in
23.5% (48) of patients during the maintenance of anesthesia.

Additional doses of sufentanil and muscle relaxant were given
intraoperatively if necessary. Ninety-seven (47.5%) of patients
were administered a continuous infusion of cisatracurium.
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Figure 2. Monitoring during TEVAR. ACT = activated clotting time, BGA = blood gas analysis, CVP = central venous pressure, BIS = bispectral index, IBP =

invasive blood pressure, TEVAR = thoracic endovascular aortic repair.

All patients were mechanically ventilated, 71.1% (145) by
endotracheal intubation and 28.9% (59) by laryngeal mask air-
way (Fig. 4A). Overall, 54.4% (111) of the patients were under
fast-track anesthesia (Fig. 4B). Mechanical ventilation was set
volume-controlled ventilation, with a tidal volume of 6 to 8 mL/
kg (employing ideal body weight). The fraction of inspired oxy-
gen was set from 0.4 to 0.7 to maintain oxygen saturations mea-
sured by pulse oximetry greater than or equal to 95%.

For the management of hypertension, nitroglycerin infusion
was used in 19 (9.3%) patients. For persistent hypotension,
norepinephrine infusion was used in 17 (8.3%) patients and
dopamine infusion was used in 14 (6.9%) patients (Fig. 5). The
patients received inotropic/vasoactive agent infusion intraoper-
atively. The surgeon and ICU physician will adjust the inotro-
pic/vasoactive agents according to the patients’ condition, upon
arrival at the ICU after surgery.

3.3. Outcomes

The median operation time was 75 (IQR 60-95, min.-max.
30-250) minutes. Intraoperative variables are described in
Table 2. At the end of the procedure only 1 patient received
intravenous protamine to reverse the anticoagulation. ACT was
checked in 80% of patients upon arrival ICU, and protamine
was not administered in any patient.

The median postoperative length of stay (LOS) in the ICU
was 23.0 (IQR 20.0-27.8, min.—max. 2-188) hours and the
hospital 6.0 (IQR 5.0-7.8, min.-max. 2-29) days. The compli-
cation rate in the overall group was low, with a reintubation
of 1 (0.5%), due to arrhythmia resuscitation intubation. In the
postoperative period, 1 (0.5%) developed pulmonary infection
due to preoperative bronchiectasis.

Twelve (5.8%) of 204 patients developed delirium after
surgery. Postoperative AKI was observed in 3.4% of patients,
and pulmonary embolism occurred in 2 patients (1.0%). Two
patients had been found to have an asymptomatic pulmonary
embolism on the postoperatively CT scan. One minor stroke
was recorded in the short term, and gradually recovered at
discharge. There were 3 (1.5%) spinal cord ischemia (SCI)
after TEVAR in our series of which one was a permanent
paraplegia. None of the patients had type II endoleak, but a
small type I endoleak occurred in 1 patient, without reinter-
vention. Three (1.5%) patients returned to operating room
for unplanned operation, 2 (1.0%) of these due to punctured

femoral artery injury and one developing retrograde type A
dissection after TEVAR. In total, 15 of 204 (7.4%) patients
presented fever within 72h in our study. There were no in-hos-
pital deaths.

3.4. Matched cohorts

Before propensity-score matching, there were some differences
between the fast and non-fast group. With the use of propen-
sity-score matching (1:1), 69 patients who received fast-track
anesthesia were matched 69 who received non-fast-track anes-
thesia. After matching, baseline characteristics between the 2
groups were well balanced (Table 3).

In the matched cohort, fast-track anesthesia associated with
a significantly shorter postoperative LOS in ICU (21.0 [18.0-
24.0] vs 24.0 [20.0-44.0] hours; P = .005). The total postopera-
tive hospital LOS was also significantly shorter in patients with
fast-track anesthesia (5.0 [4.0-7.0] vs 6.0 [5.0-8.0] days; P =
.001) (Table 4).

4. Discussion

Experience with endovascular treatment in a wide spectrum
of aortic diseases demonstrated the feasibility of this approach
with encouraging early and long-term results.[®!4

General anesthesia is popular due to the patient’s stress and
anxiety and the need for the patient to hold their breath for brief
periods of time and remain still intraoperatively. The choice of
general anesthesia often is based on the preference of the oper-
ating surgeon and the anesthesiologist.

Minimizing patient movement and respiratory motion was
especially important when angiography was performed. For
example, angiography was performed to clarify the location of
the proximal entry tear and the major vessel takeoff proximity
to the landing zone. The overall intraoperative anesthetic goal
is to establish a stable hemodynamic environment that provides
optimal security for safe stent deployment while maintaining
good cardiac function and adequate blood flow to the spinal
cord and vital organs.

During TEVAR less than half of the patients were monitored
for BIS, central venous pressure, and blood gas analysis. These
different monitoring choices may be related to the preference of
anesthesiologist. Some of them thought the BIS monitor could
measure the real depth of anesthesia and reduce the possibility
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Figure 3. (A) Agents used for anesthesia induction. (B) Agents used for anesthesia maintenance.

Airway management B Fast-track anesthesia

dd

Figure 4. (A) Airway management during TEVAR. (B) Fast-track anesthesia. ETT = endotracheal intubation, LMA = laryngeal mask airway, TEVAR = thoracic
endovascular aortic repair.
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Figure 5. Inotropic and vasoactive agents used during TEVAR. TEVAR = thoracic endovascular aortic repair.
Table 2
Intraoperative and postoperative variables of included patients.
Parameter All (n = 204) Non-fast (n = 90) Fast (n =114) Pvalue
Surgical data
Contrast volume, mL 81 (70-95) 83 (75-100) 80 (70-91) .045*
First dose of heparin, U/kg 58 (50-63) 58 (51-65) 57 (50-63) 332
Operative time, min 75 (60-95) 75 (60-108) 70 (60-90) .046*
Operative procedure
TEVAR 111 (54.4) 47 (52.2) 64 (56.1) 155
TEVAR+-aortic arch bypass 3(1.5) 3 (3.3 0(0)
Chimney/periscope/fenestration 90 (44.1) 40 (44.4) 50 (43.9)
Intraoperative volume
Blood loss, mL 20 (20-30) 20 (20-30) 20 (20-30) .053
Urine output, mL 150 (60-300) 150 (60-400) 150 (74-300) 872
Fluid infusion, mL 500 (500-800) 500 (300-800) 600 (500-913) .084
Blood product transfusion 1(0.4) 1(1.1) 0(0) 441
Postoperative outcomes
LOS in the ICU, h 23.0 (20.0-27.9) 24.0 (20.0-70.5) 21.5(19.0-24.0) .001*
LOS in the hospital, d 6.0 (5.0-7.8) 7.0 (5.0-8.3) 5.0 (4.0-7.9) <.001*
Complications
Unplanned reintubation 1(0.5) 1(1.7) 0(0) 441
Pulmonary infection 1(0.5) 1(1.1) 0(0) 441
Delirium 12 (5.8) 7(7.8) 5(4.4) 375
AKI 7(3.4) 6(6.7) 1(0.9) .045*
Pulmonary embolism 2(1.0) 1(1.1) 1(0.9 1.000
Minor stroke 1(0.5 0(0) 1(0.9 1.000
Spinal ischemia 3(1.9 2(2.2) 1(0.9 584
Arm ischemia 1(0.5) 0(0) 1(0.9 1.000
Type | endoleak 1(0.5) 0(0) 1(0.9 1.000
Unplanned operation 3(1.5 3(3.3) 0(0) .084
Postoperative fever 15 (7.4) 10 (11.1) 5(4.4) 103
Death 00 0(0) 00 1.000

Categorical data are given as numbers and percentages. Continuous data are given as mean value with standard deviation (for a normal distribution) and median value with interquartile range (25th—75th
percentiles) (for a non-normal distribution). P values are calculated by Student’s ¢ test, Mann—-Whitney U test, 2 test, or Fisher’s exact test, as appropriate.

AKI = acute kidney injury, TEVAR = thoracic endovascular aortic repair.
*P < .05,

of awareness with recall during general anesthesia; however, this
view is controversial. Avidan et all'¥! demonstrated that anesthe-
sia awareness occurred even when BIS value was within the tar-
get ranges. Their findings do not support BIS monitoring as part
of routine practice. Some anesthesiologists believe that central
venous catheter should be inserted before operation in order to

facilitate the rapid transfusion of intravenous fluids and blood
products, to monitor central venous pressure, and to allow
the use of vasopressors and inotropes. This preference may
be related to experience and the patient’s pathology. Vascular
surgeons frequently perform fluoroscopy after heparin admin-
istration, so anesthesiologists are not allowed to step into the
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Baseline clinical characteristics in PSM-matched cohorts.

Parameter Non-fast (n = 69) Fast (n = 69) Pvalue
Age, yr 58.1+10.3 57.5+121 752
Male 59 (85.5) 60 (87.0) .805
BMI, kg/m? 26.4+3.4 26.3+3.0 871
Comorbidity
Hypertension 55 (79.7) 58 (84.1) 507
Coronary heart disease 12(17.4) 13(18.8) .825
Diabetes 8(11.6) 11 (15.9) 459
Dyslipidemia 26 (37.7) 22 (31.9 AT5
Ischemic stroke 4 (5.8) 11(15.9) .056
Current or previous smoke 50 (72.5) 41 (59.4) 106
Previous PCI 7(10.1) 6(8.7) .854
ASA class
I 5(7.2) 5(7.2) 1.000
(=] 64 (92.8) 64 (92.8)
Preoperative medications
Aspirin 9(13.0) 7(10.1) 595
P2Y12 antagonist 1(1.4) 5(7.2) .208
LMWH 229 1(1.4) 1.000
Statin 22(31.9 21(30.4) .854
ACEI/ARB 29 (42.0) 37 (63.6) 73
Anticoagulant 0(0) 1(1.4) 1.000
Beta blockers 55 (79.7) 51(73.9) 771
CCB 62 (89.9) 542 (78.3) .063
Elective 69 (100) 69 (100) 1.000
Pathology
Aneurysm 7(10.1) 10 (14.5) .057
Dissection 36 (52.2) 22 (31.9)
IMH/PAU 26 (37.7) 37 (63.6)
Hemoglobin, g/L 132+15 13517 492
White blood cell count, x10%/L 8.08+4.67 7.52+2.22 180
Platelet count, x10%L 246+92 244+ 84 918
D-dimer, pg/mL 1.21(0.73-2.30)  1.14(0.34-2.45) .356
Albumin, g/L 37.99+4.08 37.50+3.13 426

Categorical data are given as numbers and percentages. Continuous data are given as mean
value with standard deviation (for a normal distribution) and median value with interquartile range
(25th—75th percentiles) (for a non-normal distribution). P values are calculated by Student’s ¢ test,
Mann-Whitney U test, x? test, or Fisher’s exact test, as appropriate.

ACEI/ARB = angiotensin-converting enzyme inhibitor/angiotensin receptor blockers, ASA =
American Society of Anesthesiologists, BMI = body mass index, CCB = calcium channel blockers,
IMH = intramural hematoma, LMWH = low-molecular-weight heparin, PAU = penetrating aortic
ulcer, PCl = percutaneous coronary intervention, PSM = propensity-score matching.

working field of the surgeon freely due to the radiation hazards.
Only 7.4% of patients had ACT records probably due to missed
registration by the anesthesiologist.

Etomidate was administered to almost all patients at anesthe-
sia induction. It has a limited effect on patient’s respiratory and
circulatory systems, which is beneficial to maintaining hemody-
namic stability. Dezocine was given as an adjuvant in more than
80% of patients. Dezocine is a partial p-receptor agonist, a K-re-
ceptor antagonist, and a norepinephrine and serotonin reuptake
inhibitor.l"! Although dezocine is a p-opioid receptor partial
antagonist, theoretically, it could antagonize the antinocicep-
tive effects of morphine. However, when used in combination
with morphine, dezocine concentration-dependently enhances
the analgesic effects of morphine.l'” The combination of dezo-
cine and sufentanil produce an additive effect for relieving the
acute nociception after gynecological laparoscopic surgery.!'s!
Dezocine significantly reduced the incidence of etomidate-in-
duced myoclonus!”! and inhibited opioid-induced cough."!
Although dezocine is not a well- known drug in Western coun-
tries, it is widely applied as perioperative pain analgesic agent in
China for decades.?"!

Maintenance of general anesthesia is a combination of
sevoflurane and intravenous anesthetics in almost all patients.
Sufentanil was used for intraoperative analgesia in all patients.
Forty-eight (23.5%) of patients were combined with remifent-
anil, which may be related to fast-track anesthesia.
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Fast-track anesthesia strategy was associated with a reduction
in LOS of ICU and total postoperative hospital stays. Fast-track
anesthesia was not associated with an increase in postoperative
complications in our cohort. A retrospective study of 711 proce-
dures reported that early extubation was associated with a shorter
ICU stay and not associated with an increase in postoperative
complications in patients undergoing surgery for congenital heart
disease.?!! Our results are consistent with that literature. In our
center, 54.4% of patients are fast-track anesthesia, achieving early
extubation in the operating theater. Fast-track anesthesia appears
to be safe and feasible for the majority of patients under TEVAR
in routine practice, when fast-track anesthesia is appropriate.
After the procedure is complete, hemodynamically stable patients
should be routinely extubated to facilitate neurologic examina-
tion and reduce postoperative respiratory support duration.

There are some unique features worthy of note, including:
holding breath during the angiography to avoid position shifts
caused by breathing; decreasing systolic blood pressure to below
90 mm Hg prior to deployment of the stent graft to prevent stent
migration; and increasing mean arterial pressure (MAP) after aor-
tic stent deployment to prevent SCI by ensuring adequate spinal
cord perfusion. General guidelines for minimizing SCI include
increasing MAP (i.e., 280mm Hg) and draining cerebrospinal
fluid (CSF) in order to maintain spinal cord perfusion.?>?

SCI can cause transient or permanent paraplegia.
Anesthesiologists have a major role in spinal cord protection by
careful management of the hemodynamics and institution of pro-
tocols for CSF drainage. The timing of CSF drainage insertion
(preoperatively, intraoperatively or postoperatively) was different
among institutions.! At our center, CSF drainage is not routinely
placed preoperatively. Patients go to the ICU after surgery to be
closely monitored by nurses. CSF drainage is placed immediately
if SCI occurs. Acher et al?’! reviewed a number of studies conclud-
ing that, despite using widely vary neuroprotective measures, the
incidence of SCI remained ranging from 3% to 10%. SCI remains
a multifactorial problem with several etiologies, contributing fac-
tors and underlying aortic pathologies and may vary considerably
among different patient cohorts. No single spinal cord protecting
method is currently able to provide absolute safety. In addition to
advanced modern surgical, anesthetic methods improved the safety
of TEVAR include CSF drainage and MAP augmentation.??!

Postoperative delirium was observed in 5.8% of patients. In
the study by Liu et al,’*! the incidence of postoperative delirium
in patients with type B aortic dissection who underwent TEVAR
with/without concomitant procedures was 13.3%. Salata et al”!
reported that postoperative delirium was present in 14 (13%)
patients in the endovascular aortic repair group (abdominal/
thoraco-abdominal). This discordance may be due to different
definitions of delirium and methods of detection, thus leading
to different observed rates of delirium. In our study, delirium is
clinically defined, rather than using a scoring system.

With a definition set at 50% or greater increase in baseline cre-
atinine level, we observed an incidence of AKI after TEVAR of
3.4%. Drews and associates identified a 17% incidence of AKI,
which markedly increased duration of hospitalization, and was
independently associated with the risk for early mortality.?®! The
experience of Piffaretti et al®! detected 14% of patients with post-
operative AKI They observed that a preoperative depressed renal
function, the thoracoabdominal extent of the aortic disease, and
blood transfusion requirement were the most relevant predictive
factors of AKI after TEVAR. The reasons for such discrepant results
have been attributed to the differences among patient populations,
heterogeneous etiology, extent of the aortic pathologies, and most
importantly, the definitions of postoperative AKI are different.

Fever was observed in 7.4% of patients, which may be cor-
related to post-implantation syndrome (PIS) after TEVAR. PIS
represents a systemic inflammatory response syndrome ini-
tially observed following endovascular aortic repair of infrare-
nal abdominal aortic aneurysm.’” The major clinical features
of PIS are postoperative fever despite negative blood cultures
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Intraoperative and postoperative variables in PSM-matched
cohorts.

Parameter Non-fast (n=69) Fast(n=69) Pvalue
Surgical data
Contrast volume, mL 83 (75-100) 80 (70-90) 011*
First dose of heparin, U/kg 58 (53—66) 56 (48-59) .008*
Operative time, min 75 (60-95) 65 (59-84) .067
Operative procedure
TEVAR 36 (52.2) 39 (56.5) 733
TEVAR+-aortic arch bypass 1(1.4) 0(0)
Chimney/periscope/fenestration 32 (46.4) 30 (43.5)
Intraoperative volume
Blood loss, mL 20 (20-30) 20 (20-30) 171

Urine output, mL
Fluid infusion, mL
Postoperative outcomes
LOS inthe ICU, h

150 (60-350)
500 (400-800)

150 (80-300) 886
500 (500-850) 263

24.0 (20.0-44.0) 21.0(18.0-24.0) 005"

LOS in the hospital, d 6.0 (5.0-8.0) 5.0 (4.0-7.0) .001*
Complications
Unplanned reintubation 1(1.4) 0(0) 1.000
Pulmonary infection 1(1.4) 0(0) 1.000
Delirium 5(7.2) 4(5.8) 1.000
AKI 2.9 1(1.4) 1.000
Pulmonary embolism 1(1.4) 1(1.4) 1.000
Minor stroke 0(0) 0(0) 1.000
Spinal ischemia 2.9 0(0) 496
Arm ischemia 0(0) 1(1.4) 1.000
Type | endoleak 0(0) 0(0) 1.000
Unplanned operation 2(2.9) 0(0) 496
Postoperative fever 7(10.1) 3 (4.3 325

Categorical data are given as numbers and percentages. Continuous data are given as mean

value with standard deviation (for a normal distribution) and median value with interquartile range
(25th—75th percentiles) (for a non-normal distribution). P values are calculated by Student’s ¢ test,
Mann-Whitney U test, %? test, or Fisher’s exact test, as appropriate.

AKI = acute kidney injury, PSM = propensity-score matching, TEVAR = thoracic endovascular aortic
repair.

*P < .05.

and leucocytosis. TEVAR series have shown postoperative fever
rates ranging from 26.3% to 48.8%.111:12:31,32]

5. Limitations

The present study has some limitations. First, it was a ret-
rospective, observational single-center design, although we
enrolled all patients undergoing TEVAR continually to mini-
mize the selection bias. Second, it is a small study. This reduces
the power of the study and increases the chances of type II
statistical error. Third, although we used propensity score
matched model to balance the variables, common confounders
of retrospective may also be present. As such, our study should
be confirmed using other clinical randomized controlled trials.

6. Conclusion

Fast-track anesthesia is feasible and safe in patients underwent
TEVAR. This management strategy is associated with shorter
LOS of ICU and total postoperative hospital stays. The intraop-
erative management should optimize end-organ perfusion, and
adjust hemodynamic management as the procedure progresses.
An early extubation strategy should be implemented for hemo-
dynamically stable patients.
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