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Background: Spinal cord ischemia (SCI) is a recognized grave complication after thoracic endovascular
aortic repair (TEVAR). The present study aimed to evaluate the incidence and investigate risk of SCI after
TEVAR based on current prophylactic strategies designed against established risk factors.

Methods: The study retrospectively reviewed a prospectively maintained database to investigate patients
who underwent TEVAR successfully between January 2009 and December 2012 in a single cardiovascular
center. Detailed assessment of SCI risk was routinely performed for all patients before TEVAR was
carried out. Prophylactic measures, including left subclavian artery (LSA) revascularization, blood pressure
augmentation and cerebrospinal fluid (CSF) pressure control after TEVAR, were employed in high-risk
patients and physical neurological examinations were regularly done to evaluate SCI after TEVAR. Patients
were further divided into SCI group and non-SCI group.

Results: A total of 650 patients were enrolled in the study. Eleven patients (1.69%) developed SCI after
TEVAR. Baseline level of hemoglobin was significantly lower in the SCI group (113.00 vs. 128.50, P=0.023).
More patients in the SCI patients in the SCI group underwent TEVAR under general anesthesia (45.5% uvs.
17.7%, P=0.033). A significantly higher incidence of post TEVAR hypotension was found in the SCI group
(2.7% wvs. 27.3%, P=0.004). Logistic regression analysis revealed that post-TEVAR hypotension (OR, 8.379;
95% CI, 1.833-38.304; P=0.006) was strongly associated with development of SCI and high normal baseline
hemoglobin was a protective factor (OR, 0.969; CI, 0.942-0.998; P=0.037). The mortality in hospital and
mortality at 1 year were not significant different between the SCI and the non-SCI group (0% vs. 1.6%
P=1.000; 9.1% wvs. 3.0%, P=0.294, respectively). While length of post-TEVAR stay (13.00 vs. 7.00 days,
P=0.000) and length of hospital stay (20.00 vs. 13.00 days, P=0.001) were significantly greater in the SCI group.
Conclusions: Our study revealed that, based on current prophylactic measures to curtail SCI, including
LSA revascularization, blood pressure augmentation and CSF pressure control after TEVAR, post-TEVAR
hypotension remains a major and independent risk factor for SCI and high normal baseline hemoglobin level
is protective. SCI results in longer post-TEVAR stay and hospital stay, but not associated with increased
mortality. Robust precautions should be taken against underlying causes for post-TEVAR hypotension and

low level of hemoglobin should be avoided.
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Introduction

Spinal cord ischemia (SCI) had always been a grievous
complication of thoracic endovascular aortic repair (TEVAR).
It often results in paraplegia, reversible or permanent.
A number of patient and procedure-related factors have
been shown in previous studies to be associated with the
development of SCI after TEVAR, including extensive
exclusion of the aorta by endografts (1,2), perioperative
hypotension [mean arterial pressure (MAP) <70 mmHg] (3),
coverage of the left subclavian artery (LSA) (4,5), less
native aorta present proximal to the celiac artery (6),
and previous or concomitant thoracic and abdominal aortic
repair (1,7).

To prevent or minimize this complication, widely
employed prophylactic measures include LSA
revascularization (8), cerebrospinal fluid (CSF) drainage (9)
and arterial pressure augmentation (10-13). However,
SCI still occurred in 0.8-8.6% of the patients in recent
reports (2,4,14,15). The present study aimed to evaluate the
prevalence and investigate risk for SCI after TEVAR based
on current prophylactic measures instituted to address well-
known risk factors.

Methods

Consecutive patients who underwent TEVAR successfully
between January 2009 and December 2012 in Guangdong
Cardiovascular Institute were prospectively enrolled into
a database. Retrospective review of data and patients’
electronic medical records was carried out. Indications
for TEVAR included type B aortic dissection (AD),
thoracic aortic aneurysm (TAA), thoracic aortic intramural
hematoma and thoracic aortic rupture. Patients were
excluded if: (I) failure to be evaluated for neurological
outcomes after TEVAR; (II) presence of lower limbs
dysfunction before TEVAR; (III) stroke immediately after
TEVAR; (IV) femoral vascular access complications after
TEVAR, resulting in lower limbs dysfunction.

Patients were divided into SCI group and non-SCI group
depending on new onset of SCI symptoms or signs after
TEVAR. The study was approved by the ethics committee
of Guangdong General Hospital and informed consents for
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endovascular aortic repair were obtained from patients and
their first degree relatives.

Definitions

SCI was defined as any new onset of transient or permanent
paraplegia or paraparesis after TEVAR, manifested as (I)
deficit in motor or sensory function of the lower extremities;
or (II) urinary or bowel incontinence. SCI was classified as
immediate if onset of neurologic deficit was noted without
a period of normal function after TEVAR. Otherwise,
SCI was classified as delayed (15). Anemia was defined as
the level of hemoglobin <120 g/L in males and <110 g/L
in females (16). Post-TEVAR hypotension was defined as
MAP <65 mmHg lasting for >20 minutes.

Description of endovascular procedure and peri-procedure
treatment

Medications were administrated to control systolic blood
pressure <120 mmHg and heart rate <80 bpm before
TEVAR. TEVAR was performed in a catheterization
room under fluoroscopy and angiography. The following
endografts were used: Hercules (MicroPort Medical, China),
Talent (Medtronic, USA), Valiant (Medtronic, USA),
and Zenith (Cook Incorporated, USA).

To facilitate endograft deployment during TEVAR, brief
reversible hypotension was achieved by either intravenous
sodium nitroprusside, lasting approximately <5 minutes,
or rapid artificial cardiac pacing (RACP) (180 beats/min),
lasting approximately <10 seconds as reported (17). Access
for TEVAR through femoral artery was achieved by surgical
incision in the initial part of the study, and it was changed
to percutaneous approach since preclosing technique (18)
was introduced in the study center in the later part of the
study. Patients underwent general anesthesia if TEVAR
was performed with the aid of surgical groin incision or
immediately after LSA revascularization. Otherwise, local
anesthesia was used during TEVAR.

Prophylactic measures in high-visk patients

Patients were deemed as high risk for SCI if (I) more than
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one endograft was implanted in the descending aorta, or
the distal thoracic aorta was covered (the end of endograft
reaching within 3 cm to the origin of celiac artery); (II)
the patient had previous aortic repair, either thoracic or
abdominal, endovascular or surgical. All high-risk patients
received prophylactic measures unless contraindicated.
Prophylactic measures included LSA revascularization as
indicated, blood pressure augmentation, and CSF pressure
control after TEVAR.

Selective LSA revascularization with a carotid-subclavian
bypass was performed before TEVAR when the LSA
coverage is necessary to establish an adequate landing zone
in the presence of a dominant or isolated left vertebral artery,
or a patent left internal mammary artery-coronary bypass
or a functioning left upper extremity arteriovenous dialysis
fistula (5,19). Blood pressure augmentation was achieved
by sufficient volume resuscitation and vasoconstrictors
when necessary, to keep a target MAP >90 mmHg
after TEVAR

CSF pressure control was implemented after TEVAR
by lumber puncture and CSF withdrawn. Since that CSF
drainage with indwelling catheter had been associated
with a high risk of infection in our hospital, we performed
lumbar punctures for CSF pressure measurement and
CSF withdrawn instead of continuous drainage with
indwelling catheter (18). The first lumbar puncture was
routinely performed at 6 to 24 hours after TEVAR in high-
risk patients, or immediately upon manifestation of SCI
symptoms or signs. When the reading of CSF pressure
was higher than 15 mmHg, CSF was withdrawn to a target
pressure reduction of 30%. If the reading of CSF pressure
was greater than 10 mmHg and lower than 15 mmHg,
CSF was withdrawn to a target pressure <10 mmHg. No
indwelling catheter was kept after the target pressure was
met, to reduce the risk of infection. For high-risk patients,
additional lumbar puncture for CSF pressure control
was performed only when the reading of CSF pressure
on the previous day was >10 mmHg. For patients who
developed SCI, lumbar puncture and CSF withdrawn was
performed once daily until there was neither deterioration
nor improvement in symptoms, and the reading of CSF
pressure on the previous day was <10 mmHg.

Statistical analysis

Normal distribution of the data was assessed with
Shapiro-Wilk Test. All the continuous variables were
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skewed distributed.

Medians (interquartile range) were used to describe
continuous variables; intergroup differences were evaluated
by nonparametric Mann-Whitney U test. Categorical
variables were presented as frequencies. Percentages were
compared by Fisher exact test. For stepwise multivariate
logistic regression, variables were fitted from the variables
found to have marginal associations with SCI on univariate
testing (P<0.10). Odds ratios (ORs), 95% confidence
intervals (Cls), and probability values are reported.
Statistical analyses were performed using SPSS software
(Vision 19.0, IBM Inc., USA).

Results
Study population

A total of 664 patients who underwent TEVAR between
January 2009 and December 2012 in Guangdong
Cardiovascular Institute were screened for the study
purpose. Eight patients were excluded because of lower
limbs dysfunction before TEVAR and one was excluded
because of stroke immediately after TEVAR, to avoid
masking symptoms and signs of SCI. Five patients were
excluded because of failure to be evaluated for neurological
outcome, including two died immediately after TEVAR,
one died during the procedure and two developed
retrograde type A dissection and were transferred to surgery
department for open repair, then lost to follow-up. In total,
14 patients were excluded and 650 patients were enrolled
in the study. The median age of the study population was
55.00 (range, 27.00-87.00) years and the majority of them
were male (557, 85.69%), hypertensive (529, 81.38%) and
with type B AD (549, 84.46%). There was no significant
difference between the SCI group and the non-SCI group
in terms of age, history of hypertension, prevalence of
abdominal aortic aneurysm and coronary artery disease.
Prevalence of anemia in the SCI group was significantly
higher than that in the non-SCI group (63.6% vs. 26.3%,
P=0.015). There was no significant difference in baseline
liver, renal and lipid panels between the two groups,
while baseline level of hemoglobin in the SCI group was
significantly lower (113.00 vs. 128.50, P=0.023) (Table I).
The lowest baseline hemoglobin level in SCI patients before
TEVAR was 71 g/L. Due to relative stable hemodynamic
status, there was no blood transfusion in patients with

anemia before TEVAR.
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Table 1 Demographics and comorbidities of study population
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Characteristics Non-SClI (n=639) SCI group (n=11) VA P

Age, years 55.00 (47.00, 63.00) 61.0 (40.00, 70.00) -0.924 0.355
Female 91 (14.2) 2(18.2) - 0.663
HP 519 (81.2) 10 (90.9) - 0.699
CAD 124 (19.4) 2(18.2) - 1.000
DM 47 (7.4) 0 (0) - 1.000
AAA 13 (2.0) 1(9.1) - 0.214
Anemia 168 (26.3) 7 (63.6) - 0.015
TBAD 539 (84.4) 10 (90.9) - 1.000
TAA 52 (8.1) 0 (0) - 1.000
PAU IMH 22 (3.4) 0 (0) - 1.000
RUP SEU 26 (4.1) 1(9.1) - 0.375
Aor Sur 7(1.1) 0(0) - 1.000
WBC, 10°%/L 10.22 (8.20, 12.53) 10.03 (9.33, 13.15) -0.776 0.438
NEUTRO, % 72 (66, 79) 76 (69, 83) -0.993 0.321
Hemoglobin, g/L 128.50 (117.00, 139.40) 113.00 (94.00, 130.20) -2.267 0.023
ALT, p/L 23.00 (18.00, 35.00) 24.00 (17.00, 44.00) -0.232 0.816
BUN, mmol/L 5.50 (4.37,7.12) 6.35 (3.82, 10.18) -0.942 0.346
TG, mmol/L 1.21 (0.94, 1.60) 1.21 (0.94, 1.92) -0.194 0.846
TC, mmol/L 4.11 (3.37, 4.80) 4.14 (3.54, 4.92) -0.09 0.928
LDL, mmol/L 2.50 (2.09, 3.00) 2.50 (2.32, 3.31) -0.362 0.717
HDL, mmol/L 0.91 (0.75, 1.06) 0.91 (0.69, 1.24) -0.302 0.763
D-dimer, ng/mL 1,081.00 (467.00, 2,270.00) 1,081.00 (405.000, 1,820.00) -0.334 0.738
LVEF 63.00 (63.00, 68.00) 65.00 (57.00, 70.00) -0.065 0.948
HR, bpm 76.00 (68.00, 84.00) 80.00 (75.00, 88.00) -1.306 0.192

Data presented as n (%) or median (25th percentile, 75th percentile). SCI, spinal cord ischemia; HP, hypertension; CAD, coronary artery
disease; DM, diabetes mellitus; AAA, abdominal aortic aneurysm; TBAD, type B aortic dissection; TAA, thoracic aortic aneurysm; PAU
IMH, penetrating aortic ulcer and intramural hemorrhage; RUP SEU, aortic rupture and pseudo- aortic aneurysm; Aor Sur, aortic surgery
history; WBC, white blood cell count; NEUTRO, neutrophil percentage; TG, triglyceride; TC, total cholesterol; LDL-C, low-density
lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol; ALT, alanine transaminase; BUN, blood urea nitrogen; LVEF , left

ventricular ejection fraction; HR, heart rate.

Treatments and outcomes

Among the 650 patients enrolled in the study, 600 (92.31%)
were on P-blockers during hospitalization, 531 (81.69%)
underwent local anesthesia, 602 (92.62%) had percutaneous
transfemoral access, and 599 (92.15%) had RACP for blood
pressure control during TEVAR. Forty (6.15%) patients
had endoleak found during TEVAR and 86 (13.23%) had
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post-TEVAR fever. SCI occurred in 11 (1.69%) patients.
Ten (1.54%) patients died during hospital stay and
20 (3.08%) died during the one-year follow-up.

There was no significant difference between the SCI
group and the non-SCI group in major medications,
number of endograft implanted in descending aorta,
presence of immediate endoleak, presence of LSA coverage
without revascularization, application of percutaneous
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femoral access and application of RACP for blood control
during TEVAR . More patients in the SCI group underwent
general anesthesia (45.5% vs. 17.7%, P=0.033). Notably,
patients in the SCI group were significantly more likely
to develop post-TEVAR hypotension (27.3% vs. 2.3%,
P=0.004).

Ten of the eleven SCI patients underwent elective
TEVAR for type B AD and one underwent elective
TEVAR for aortic pseudoaneurysm. In all the patients, the
development of SCI occurred within the first eight days
after TEVAR. SCI developed immediately after TEVAR
procedure in six patients while five others had delayed
onset. Three of the SCI patients each had an episode of
sustained hypotension after TEVAR. The first patient had
hypotension on post TEVAR day 2, which was mainly
attributed to hemorrhage from surgical procedure for
LSA revascularization. SCI was noted on post TEVAR
day 3 after the patient was weaned from ventilator. The
second patient had an episode of asphyxia associated with
profound shock after extubation on post TEVAR day 1.
As a result, the patient was sedated and re-intubated. SCI
was however noted on post TEVAR day 3 upon awakening
from sedation. The third patient developed septic shock
following TEVAR. His hypotension was exacerbated by an
episode of ventricular tachycardia on post TEVAR day 4,
followed by SCI noted on post TEVAR day 5.

At discharge, 4 of the 11 SCI patients had full recovery;
another 4 had partial recovery and 3 had no functional
improvement. During the one-year follow—up, no later
onset of SCI was reported. One SCI patient died of
endograft infection during follow-up. The mortality
in hospital and mortality at 1 year were not significant
different between the SCI and the non-SCI group (0% wvs.
1.60%, P=1.000; 9.10% ws. 3.00%, P=0.294, respectively).
But length of post-TEVAR stay (13.00 vs. 7.00 days,
P=0.000) and length of hospital stay (20.00 vs. 13.00 days,
P=0.001) were significantly greater in patients with SCI
(Tible 2).

Risk factors of SCI

Logistic regression analysis was performed with variables
of baseline hemoglobin level, general anesthesia and
post-TEVAR hypotension. Post-TEVAR hypotension
emerged as a significant independent risk factor for SCI
(OR, 8.379; 95% CI, 1.833-38.304; P=0.006), while high
normal baseline hemoglobin level was a protective factor
(OR, 0.969; CI, 0.942-0.998; P=0.037) (Tuble 3).
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Discussion

SCI, as one of the major complications after TEVAR,
impact on patients’ quality of life seriously and had always
been a concern for clinicians. There are multiple established
risk factors that are based on patients’ demographic and
clinical characteristics, anatomic complexities of the TEVAR
procedure, and post repair outcomes. The most frequently
reported SCI risk factors include extensive coverage of the
aorta by endografts (1,2), perioperative hypotension (MAP
<70 mmHg) (3), coverage of the LSA with devices (4),
less native aorta present proximal to the celiac artery (6)
and previous or concomitant thoracic or abdominal aortic
repair (1,7). Preoperative renal insufficiency, older age,
occluded hypogastric artery and longer operations may
also contribute to the development of SCI (4,20). Based
on increasing body of literature and current understanding
of SCI, clinicians are using prophylactic measures either
to prevent or reduce SCI, including preoperative imaging
to identify critical intercostals arteries, prophylactic LSA
revascularization (8), CSF drainage to improve spinal cord
perfusion (9), intraoperative hypothermia and arterial
pressure augmentation (10-13). However, incidence of SCI
still ranges between 0.8-8.6% in recent reports (2,4,14,15)
and there is a need to further decrease the incidence of this
serious complication.

In this study, the incidence of SCI was low as 1.69% in a
cohort of patients with type B AD as their major indication
for TEVAR (84.46%). However, risk of SCI might differ in
different types of aortic pathology. Paraplegia was found in
4.0% of patients with degenerative aneurysm and 0.8% of
patients with AD after TEVAR, reported by Dr. Leurs et 4.,
based on combined experience from the EUROSTAR and
United Kingdom Thoracic Endograft registries (21). In
two recent reports, SCI occurred in 6.6% of patients with
thoracic aneurysm (10) and 0.43% of patients with chronic
AD (22) respectively. One possible reason for the difference,
suggested by Dr. Leurs et a/., is that more patients with
degenerative aneurysm had multiple endografts implanted,
indicating long covered aortic segments (21). Therefore, the
low incidence of SCI in the present study was likely partly
attributed to the predominant prevalence of type B AD.

We also found a relatively lower mortality rate (1.54%)
in the present study, compared with previous reports (23,24).
A recent systematic review demonstrated a 30-day mortality
of 3.2% after TEVAR for chronic type B AD and 9.8%
for acute type B AD (22). Based on the design and purpose
of this study, 14 patients were excluded from the patient
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Table 2 Treatments and outcomes
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Variable Non-SClI (n=639) SCI group (n=11) z P

BB 592 (92.6) 8 (72.7) - 0.046
ACEI/ARB 394 (61.7) 7 (63.6) - 0.983
AB 145 (22.7) 2(18.2) - 1.000
CCB 482 (75.4) 7 (63.6) - 0.479
ANTI PLAT 115 (18.0) 0(0) - 0.231
STATIN 304 (47.6) 2(18.2) - 0.144
NSAID 217 (34.0) 3(27.3) - 0.758
Number of endograft 1(1,1) 1(1,2) -1.482 0.138
Percutaneous access 593 (92.8) 9 (81.8) - 0.192
General Anes 113 (17.7) 5 (45.5) - 0.033
RACP 588 (92.0) 11 (100.0) - 1

LSA-C 39 (6.1) 1(9.1) - 0.506
Endoleak 40 (6.3) 0(0) - 1

Post-TEVAR fever 84 (13.1) 2(18.2) - 0.647
Post-TEVAR hypotension 17 2.7) 3(27.3) - 0.004
Death in hospital 10(1.6) 0 (0) - 1.000
Death at 1 year 19 (3.0) 1(9.1) - 0.294
Hospital stay, day 13.00 (9.00, 18.00) 20.00 (14.00, 110.00) -3.206 0.001
Post-TEVAR stay, day 7.00 (5.00, 11.00) 13.00 (11.00, 95.00) -3.949 0.000

Data presented as n (%) or median (25th percentile, 75th percentile). SCI, spinal cord ischemia; BB, B-blockers; ACEI, angiotensin-
converting enzyme inhibitor; ARB, angiotensin receptor blocker; AB, a-blockers; CCB, calcium channel blockers; ANTI PLAT, anti-platelet
agents; NSAID, non-steroidal anti-inflammatory drugs; Anes, anesthesia, RACP, rapid artificial cardiac pacing; LSA-C, left subclavian
artery coverage without revascularization, TEVAR, thoracic endovascular aortic repair.

Table 3 Logistic regression analysis of SCI risk factors

Risk factor OR 95% ClI P
Hemoglobin level 0.969 0.942-0.998 0.037
General anesthesia 3.029 0.855-10.728 0.086

Post-TEVAR hypotension 8.379 1.833-38.304 0.006

SCl, spinal cord ischemia; TEVAR, thoracic endovascular aortic
repair.

population, including 2 died immediately after TEVAR,
1 died during TEVAR procedure, 2 had retrograde type
A dissection and 1 developed stroke immediately after
TEVAR. Undoubtedly, these were high-risk patients and
their inclusion in the analysis might have resulted in a
higher mortality rate.
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Importantly, multivariate analysis demonstrated that
post-TEVAR hypotension was a major and independent
predictor of SCI. However, owing to the low incidence
of SCI and limited study population, the 95% CI for OR
of post-TEVAR hypotension was broad (1.83-38.304).
Perioperative hypotension had been recognized to be
a significant predictor of SCI in studies from around
the world (3) and arterial pressure augmentation had
been recommended as one of the spinal cord protective
measures (1,12,25). Although the majority of patients were
hypertensive and prophylactic strategy had emphasized on
arterial pressure augmentation, unexpected hypotensive
episodes occurred after TEVAR. Hemorrhage associated
with surgery or interventional procedure could result in
both hypotension and low hemoglobin level, which are
directly related to oxygen delivery. In addition, insufficient
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volume status, overdose of anti-hypertensive agents and
acute renal dysfunction, resulting from AD or contrast-
induced nephropathy, could lead to unstable hemodynamic
status and impaired the spinal cord perfusion. Occasionally,
vagal nervous reflection related to vascular procedures and
allergic reaction to medications or contrast dyes decrease
blood pressure rapidly and profoundly. Periods of missed
hypotension such as during patient transfers should also be
paid attention to. Our findings highlighted vigilance against
hypotension after TEVAR and emphasized awareness on
underlying factors that might lead to hypotension, including
major hemorrhage, sepsis and complications associated
with sedation and intubation. With strict peri-procedure
surveillance, most underlying conditions could be avoided
or mitigated.

Moreover, the present series revealed that high normal
baseline hemoglobin level was a protective factor for SCI.
Patients with thoracic AD are often complicated with low
level of hemoglobin, which could be the result of blood
volume loss in false lumen. Indeed relationship between
baseline hemoglobin level and SCI had rarely been studied.
The possible mechanism may be due to low level of
hemoglobin leading to reduced oxygen carrying capacity
and poor oxygen delivery to the spinal cord, exacerbating
spinal hypoxia and dysfunction. No wonder, it had been
suggested by the European Association for Cardio-Thoracic
Surgery that a highly normal serum hemoglobin as well as
precise attention to oxygenation will serve to prevent and
reverse SCI (26). The importance of this finding is that
low level of hemoglobin could be promptly and adequately
corrected, especially where other risk factors associated with
SCI are difficult to modify. Strategies to improve low level
of hemoglobin include nutrition support before elective
TEVAR, blood transfusion before emergent TEVAR and
prevention of excessive hemorrhage during endovascular
procedure as well as adjunctive surgical procedures.

More patients in the SCI group underwent general
anesthesia rather than local anesthesia (54.5% ws.
17.7%, P=0.007) in our study, although the difference
was not significant on logistic regression. TEVAR were
implemented with the aid of either general anesthesia
or local anesthesia in different centers. There are no
randomized trials comparing anesthetic techniques for
TEVAR. In one single-center prospective study that
included 400 consecutive TEVAR patients, multivariate
analysis revealed that general anesthesia was a risk factor
for mortality, compared with regional anesthesia (23). The
influence of anesthesia on SCI has not been well described
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in the literature. General anesthesia usually involves
sedatives which influent patient’s hemodynamic status,
and associates with more procedure time and ICU stay.
When vascular access for TEVAR through femoral artery
was achieved via surgical groin incision, general anesthesia
was the preferred anesthetic technique. While in recent
years, as preclosing technique came into practice in our
cardiovascular center, totally percutaneous vascular access
with local anesthesia and conscious sedation has become the
preferred strategy. Totally percutaneous TEVAR with local
anesthesia was reported to be associated with decreased
vascular complications, less procedure time and shorter
hospital stay (18). Besides TEVAR, other endovascular
therapies may benefit from local anesthesia with conscious
sedation as well. In transcatheter aortic valve therapy, Dr.
Hyman and his colleagues reported that conscious sedation
is associated with briefer length of stay and lower in-
hospital and 30-day mortality in comparison with general
anesthesia (27). Quality improvement outcomes are
expected with greater use of local anesthesia and conscious
sedation where suitable.

Study limits

Some potential limitations of our study need to be
underscored. This is mainly a single institutional
retrospective study; hence it might limit the generalization
of the conclusions of the study to multi-institutional
experience because of difference in patient population and
selection criteria. Notwithstanding this potential limitation,
we report a current update of a large number of patients in
a single high-volume cardiovascular center on important
predictors of SCI.

It is important to note that, this cohort excluded cases
with post-TEVAR retrograde type A dissection, and
cases that died during or immediate after TEVAR. At our
cardiovascular center, cardiologists perform endovascular
aortic repairs, while open surgical repairs and post-operative
care are done by cardiac surgeons. Thus, when TEVAR
fails, these patients were transferred to the department
of cardiac surgery for open repair. As a result, data of
these patients’ follow-up neurological evaluation were not
captured in our endovascular repair database, hence their
exclusion from the analysis. Their inclusion might have
affected overall patient outcomes including SCI.

In addition, our research design for this series did not
include the evaluation of aortic anatomical and procedure-
related risk factors such as absolute length of aortic
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exclusion, occlusion of hypogastric artery, quality of TEVAR
placing even though these factors had been reported in
previous studies to be associated with SCI. Measuring
the absolute exclusion of aorta with imaging facilities
would provide more precise data for clinical evaluation
and statistical analysis. However, in this present series,
the number of endograft implanted in the thoracic aorta
was used as an estimate of the length of aorta exclusion,
since the length of coverage by the proximal endograft was
usually around 200 mm. Patients were deemed as high risk
if more than one endograft was implanted, which indicated
the segment of aorta exclusion >200 mm high-risk patient.
This estimation allowed the clinicians to quickly recognize
high-risk patients and adopt appropriate prophylactic
measures promptly. Because of lack of a control group of
high-risk patients without prophylactic measures, we could
not tell whether our current prophylactic strategy reduce
the risk of SCI. However, the incidence of SCI in the

present study is comparable to most recent reports (2,4,15).

Conclusions

The present study confirmed that post-TEVAR hypotension
remains a major and independent risk factor for SCI,
even with the advent of current practice and prophylactic
measures. Clearly, post-TEVAR hypotension should be
prevented when possible, identified early and managed
aggressively when it occurs. Low level of hemoglobin
should always be avoided, as baseline high normal
hemoglobin was found to be a protective factor against
SCI. Based on our experience, SCI remains an unresolved
post TEVAR complication, hence stringent and innovative
measures to further decrease SCI are highly recommended.
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