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ABSTRACT

Introduction: In patients undergoing thora-
coabdominal aorta repair, spinal cord ischemia
(SCI) remains one of the most common and
important complications resulting in transient
paraparesis through to permanent flaccid para-
plegia. In this manuscript, after a brief intro-
duction to spinal cord ischemia complication

and its prevention in thoracoabdominal
endovascular aortic repair (TEVAR), we propose
a new clinical protocol potentially able to pre-
vent such complication.
Methods: The proposed protocol suggests the
use of high dosages of corticosteroids by
epidural route, along with drainage of cere-
brospinal fluid and controlled vascular hyper-
tension, to reduce the incidence of SCI in
TEVAR. Moreover, we paid particular attention
to the control of the hemodynamic parameters
to obtain adequate peripheral tissue perfusion
(oxygen delivery), including in the spinal cord.
Results: We applied this new protocol in 50
consecutive patients treated with TEVAR for
thoracoabdominal aortic aneurysms (TAAs); 47
patients completed the procedure: 27 patients
Crawford type I and 20 Crawford type II. Three
patients died during surgery because of
untreatable aneurysm rupture. The results show
that in all patients there were no cases of SCI,
after 5 days from TEVAR.
Discussion: To the best of our knowledge, there
are no clinical studies on the use of epidural
corticosteroids in patients undergoing treat-
ment of aortic syndrome (both in ‘‘open sur-
gery’’ and endovascular aortic repair). This
initial study on 50 consecutive patients has
shown that the clinical protocol used could be
of great interest to prevent one of the worse
complications of TEVAR. Its limitations are the
low number of patients studied till now, and the
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non-randomized protocol adopted. Further
studies would be necessary.
Conclusion: Our experience and the results
obtained with this new perioperative protocol
with epidural corticosteroid and accurate
hemodynamic control have been encouraging
and it seems a valid proposal to be explored in
future by well-structured prospective, random-
ized protocols.

Keywords: Cerebrospinal fluid drainage;
Corticosteroids; Epidural corticosteroids; Goal-
directed hemodynamic therapy; Hemodyna-
mic; Methylprednisolone; Spinal cord ische-
mia; Thoracoabdominal endovascular aortic
repair

Key Summary Points

This study presents a new protocol as
prophylaxis for the ischemic damage of
the spinal cord during thoracic/
abdominal aortic repair.

The literature is rich in proposals, but
none is really innovative and definitive.
This research proposes the introduction of
a new concept: the use of high dosages of
epidural steroids. This, together with
other preventive therapy, has prevented
any neurological damage to the spinal
cord in the 50 cases studied.

The results obtained with this new
protocol are stimulating in a challenging
topic that does not have any definitive
answer, till now. It should be of interest
for other research groups studying
patients with aortic syndrome
necessitating thoracoabdominal aortic
repair.

INTRODUCTION

Unlike aortic surgical repair confined to the
abdominal cavity, thoracoabdominal aortic
aneurysm (TAA) repair poses substantial risks to

patients and challenges to clinicians. Without
surgery, the prognosis for patients with TAA
damage remains poor. Since the incidence of
TAA disease increases with aging, clinicians in
the future will likely be facing increasing num-
bers of such procedures in many countries with
growing elderly populations. Increasing the
challenge, these surgical procedures can be
more difficult to perform in geriatric patients.
Both open TAA repair and newer endovascular
approaches (including so-called hybrid proce-
dures) are associated with a high rate of serious
complications, including mortality, stroke,
renal failure, respiratory insufficiency, and
spinal cord ischemia (SCI) [1–5]. In the past, the
incidence of SCI was as high as 30% when the
entire thoracoabdominal aorta was resected [6].
Moreover, the rate of complications is not
always lower in hybrid endovascular repairs
compared to open procedures [7, 8]. Indeed, the
incidence of SCI has not diminished with the
advent and improvement of hybrid and
endovascular techniques [9, 10]. Thus, SCI
remains a serious and unresolved problem
[1–3, 11–20].

Because of the vascularization of the spinal
cord (Fig. 1), SCI may result in transient para-
paresis of varying degrees or permanent flaccid
paraplegia [1, 3, 11, 21–23]. Immediate, proac-
tive, and aggressive strategies may be able to
successfully treat SCI as there may be an early
window of time in which certain forms of SCI
may be reversible [9], but it should be better
prevented. A variety of protective strategies
have been reported, such as hemodynamic
control, drainage of cerebrospinal fluid (CSF),
and neuroprotective pharmacotherapeutic
agents [6, 22, 24].

Various protocols have been employed to
prevent SCI during thoracoabdominal
endovascular aortic repair (TEVAR), in which
the most important concepts are CSF drainage,
controlled arterial pressure, and the use of
neuroprotective drugs, e.g., corticosteroids.
Drainage of CSF and controlled arterial pressure
are typically used together to improve spinal
cord perfusion and prevent SCI during inter-
ventions. Perioperative lumbar drainage of CSF
has been widely used in open aortic surgery but
has also been applied to TEVAR. The lumbar
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catheter’s position in the subarachnoid space
for monitoring CSF pressure and draining CSF
plays a key role in SCI prevention. CSF drainage
and monitoring are based on a physiologic
principle. Spinal cord perfusion pressure (SCPP)
may be defined as the difference between the
mean arterial blood pressure (MAP) and the CSF
pressure (CSFP) [13]: SCPP = MAP - CFSP.
During aortic surgery, CSFP is reduced (approx.
10 mmHg or 13 cmH2O) by draining the CSF
and, at the same time, controlling arterial

pressure (maintaining a high MAP C 85 mmHg)
such that SCPP is greater than 75 mmHg. CSF
drainage may also remove negative neu-
rotrophic factors, such as tissue-type plasmino-
gen activator (tPA) and others, which are false
transmitters that can result in ischemic damage
[13, 15].

While some literature has confirmed that
these techniques result in a reduced incidence
of SCI in both open surgery [13, 16, 17, 25] and
TEVAR [1, 11, 15, 16, 25–27], other studies are
inconclusive [1–3, 11]. A systematic review
reported that prophylactic CSF drainage resul-
ted in an SCI rate during TEVAR of 3.6–6.8%
[25]. A recent meta-analysis reported that
9–13% of patients had SCI following TEVAR
[15, 28], but other authors reported that the
incidence of post-TEVAR SCI was approximately
3.9% [1, 25, 26, 28]. A significant reduction in
major complications in the treatment of Craw-
ford type I–II and III [29] TAAs was observed
when patients were subjected to aggressive
preoperative and postoperative protocols (blood
and platelet transfusions, MAP[85 mmHg
with CSFP B 10 mmHg, neuroprotective agents,
etc.) aimed at optimizing spinal cord perfusion.
The risk of SCI decreased from approximately
13–14% down to 1.2–3.7% [1, 11, 16, 25–28].
Immediate reversal of neurological deficit has
likewise been reported in open surgery when
CSF fluid is drained via a spinal catheter fol-
lowing thoracic aortic repair [1–3, 11, 16]. In
fact, CSF drainage has been shown to reduce the
incidence of delayed paraplegia in endovascular
procedures [1, 3, 11, 16, 29]. This bolsters the
argument that CSF drainage is an important
factor in reducing the incidence of SCI. CSF
drainage should be based on CSFP monitoring,
which should continue for about 48 h following
the procedure. Incidence of neurological defi-
cits during that time period may necessitate
prolonged monitoring and drainage [1, 11, 30].
Hypotensive episodes during this period should
be avoided [1, 3, 11–17, 25, 26, 28, 30]. Thus, it
seemed important to evaluate whether these
factors, namely the maintenance of CSFP (ap-
prox. 10 mmHg), CSF drainage, and MAP[80
or 90 mmHg, would be able to maintain spinal
cord perfusion pressure at 75 mmHg or higher
in such a way that it reduced the risk of SCI.

Fig. 1 Arteries around the spinal column (Art work
courtesy of Todd Cooper)
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When blood flow to the spinal cord is inter-
rupted, many localized events occur, such as the
production of free radicals, the accumulation of
toxins [31], the increased concentration of the
excitatory amino acid glutamate [32], and so
forth, any of which can cause secondary cell
damage and death. Free radicals can cause
ongoing cell damage even after blood supply to
the spinal cord is restored [31]. Corticosteroids,
in particular methylprednisolone, have been
investigated for their mechanism of action and
effectiveness in preventing or treating SCI. In
addition to anti-inflammatory action, methyl-
prednisolone improves spinal cord blood flow
and microvascular perfusion [33–35], an effect
known and confirmed for about half century
[36]. It provides cytoprotection by inhibiting
oxygen free radical-induced lipid peroxidation,
which occurs in degenerative events [37, 38].
Methylprednisolone may also protect against
secondary neuronal degeneration and reduce
the accumulation of intracellular calcium [37].
Data from the National Acute Spinal Cord
Injury Study (NASCIS) II and III have demon-
strated a moderate benefit from parenteral
administration of high-dose methylpred-
nisolone when administered within 8 h of
injury [39, 40]. There is ongoing debate over the
validity and clinical applicability of the NASCIS
studies, since such high doses of these drugs are
associated with potentially serious adverse
events [41–45]. Koszdin et al. [46] reported in
animal studies that there was poor spinal
bioavailability of methylprednisolone following
systemic administration, presumed to be related
to P-glycoprotein-mediated exclusion of
methylprednisolone from the spinal cord. Since
the process of secondary damage begins within
minutes of the primary insult of SCI, there is
little time for detection and effective manage-
ment once secondary injury mechanisms set in.
For that reason, interventions must be carried
out as early as possible [47–49]. The aforemen-
tioned complications may be reduced by pro-
phylactic and localized administration of
corticosteroids (by epidural or intrathecal
route), thereby resulting in maximal immediate
steroid availability and effects, and eliminating
potential systemic complications [28].
Intrathecal administration of drugs can reduce

the dosage substantially and, in that way,
reduce side effects, while still exerting a direct
steroidal effect on spinal cord tissue (signifi-
cantly decreasing ischemia-induced local events
by direct inhibition) [32, 50]. Epidurally
administered drugs can traverse meningeal lay-
ers and achieve significant concentration in the
CSF [51]. Quirno et al. [50] have shown in ani-
mal studies that prophylactic epidural admin-
istration of high-dose corticosteroid therapy can
provide effective neuroprotection against sec-
ondary tissue damage. Epidural corticosteroids
may be particularly beneficial, although there is
a paucity of literature on the potential role of
these agents to help prevent SCI. Although
there are no clinical studies to date on the use of
epidural corticosteroids in patients undergoing
procedures for aortic syndrome, the authors
have decided to adopt a new clinical protocol to
prevent SCI during TEVAR, which would pro-
vide CSF drainage, control the MAP, and use
epidurally administered corticosteroids. The
rationale behind using epidural administration
of methylprednisolone is based on the litera-
ture: epidural administration of methylpred-
nisolone, in contrast to systemic delivery, is
effective in reducing spinal cord inflammation
[16, 32, 46, 49–51]. Moreover, this new clinical
protocol would provide greater attention to the
control of hemodynamic parameters, always
important in surgeries even partially involving
the aorta [52] in particular, offering a ‘‘how to’’
in achieving and maintaining the desired MAP
(C 85 mmHg) by optimizing peripheral tissue
perfusion (oxygen delivery) based on goal-di-
rected hemodynamic therapy (GDT) [53–60].

METHODS

This protocol was used in the first 50 consecu-
tive patients treated with TEVAR for TAAs with
Crawford classifications type I and II (both
acute and non-acute) from July 2016 to
November 2018 at two important teaching
hospitals (‘‘Santa Maria della Misericordia’’
University Hospital, Perugia, Italy; and Rashid
Hospital, DHA, Dubai, UAE). The clinical pro-
tocol was internally approved by the Dubai
Health Authority (see supplementary material).

Adv Ther (2020) 37:272–287 275



Considering that it was just proposing a differ-
ent way of administration of well-established
drugs, approval of the ethics committee was not
necessary. All the patients signed an informed
consent, specifically indicating that they would
have been administered epidural instead of
systemic steroids, beside drainage and pressure
monitoring of the spinal fluid. They also
accepted that their cases could be published,
preserving their privacy. The study has been
conducted in accordance with the Helsinki
Declaration 1964 and its later amendments.

Clinical Protocol

Before any anesthesiologic approach, basic
monitoring was carried out in all the patients
(ECG, invasive blood pressure, central venous
pressure, temperature, etc.). The optimal site for
the epidural injection of methylprednisolone
and CSF drainage is between the first and fourth
lumbar intervertebral spaces (L1–L2–L3–L4).
Using a subarachnoid spinal catheter kit for
pressure measurement, the anesthetists inserted
a Tuohy needle (14 or 16 gauge) into a con-
scious, cooperative patient for the injection of
corticosteroid (see Fig. 2 and Table 1), either in
the interspace L1–L2 or L2–L3, with the patient
lying in a lateral position. The epidural admin-
istration of methylprednisolone occurred at a
level slightly higher than the CSF drainage
level. Using a ‘‘loss of resistance’’ technique, the
anesthetist identified the injection site and
160–200 mg of methylprednisolone acetate
diluted in 25–30 ml of saline solution was
injected into the epidural space. The volume
and dosage were determined on the basis of
medullary segments involved (Crawford’s clas-
sification) [1, 3, 5, 61–63], in order to cover all
of the segments potentially involved in the
vascular injury. After 5–10 min, the subarach-
noid catheter for CSF drainage was placed via a
16-gauge spinal needle at L3–L4 or L4–L5. Once
the position in the subarachnoid space was
confirmed, a 50-cm catheter was inserted to
drain the CSF and continuously monitor CSF
pressure. During the course of the procedure,
the CSF pressure was continuously monitored
and the physician had the possibility to decide

if and when to drain CSF in order to maintain a
CSF pressure of approximately 10 mmHg
[2, 3, 11, 13, 17]. Before TEVAR was initiated,
the patient underwent general anesthesia with
orotracheal intubation. General anesthesia was
maintained with continuous sevoflurane and
remifentanil or with whatever drugs and
method the anesthetist determined was most
appropriate. In the immediate pre-procedure
period, an echocardiogram was performed to
optimize the patient’s hemodynamic status
(particularly preload, cardiac contractility sta-
tus, volume of liquids to be infused, and so on).

The protocol is summarized in Table 1.
Throughout the entire perioperative period, the
following pressure values were maintained:
spinal cord perfusion pressure at least 75–-
80 mmHg; MAP C 85 mmHg; and CSF pres-
sure B 10 mmHg. Goal-directed hemodynamic
therapy (GDT) was applied [18–20, 53–60]. GDT
was based on optimizing preload with the use of
algorithms that control fluids, inotropes, and/or

Fig. 2 Lumbar puncture (Drawing courtesy of Todd
Cooper)
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Table 1 Summary of the protocol for perioperative management of patients undergoing TEVAR

Subject Recommendations

Preoperative and intraoperative considerations

(a) Coagulation status Platelets[ 100,000

INR\ 1.4 and normal aPTT

Management of perioperative anticoagulants as per the

institutional guidelines

(b) Infection at site Consider alternative site or delay surgery

(c) Intracranial process Avoid drain placement if concern for intracranial

hypertension

Potential placement issues

Spinal pathology (stenosis)/prior lumbar spine surgery Consider imaging MRI or CT scan; allow for positioning

limitations

Lumbar drainage insertion consider insertion prior to induction of anesthesia

(a) Injection of corticosteroid in epidural space followed

by insertion of drainage catheter in the subarachnoid

space

Best space between L1 and L4. When the needle is into

epidural space, slowly inject a solution of 160–200 mg of

methylprednisolone acetate diluted to 25–30 ml in saline

solution, depending on number of spinal segments

involved

5–10 min after the injection in epidural space, a second

needle is inserted into the subarachnoid space, at a lower

intervertebral space, and a catheter is inserted 20–30 cm

into the subarachnoid space to drain CSF and provide a

continuous monitor of the CSF pressure

(b) Accidental initial lumbar puncture Evaluate for 24-h delay of surgery or anticoagulation

management, as per the institutional guideline

Intraoperative management

(a) Hemodynamics Optimization of preload with SV[ 35 mL/min/m2;

CI[ 2.5 L/min/m2; DO2I C 600 mL/min/m2

SvcO2[ 70–75% after endograft. Avoid hypotension

Optimize MAP[ 85 mmHg with fluids and vasoactive

support (dobutamine and noradrenaline). Blood and

platelet transfusions: Hb[ 10 g/dl, platelet[ 105/mL,

plasma transfusion 10–15 ml/kg
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Table 1 continued

Subject Recommendations

(b) Intraoperative, CSF drainage (monitor CSF drainage

and calculate SCPP)

Optimize/maintain SCPP[ 75 mmHg: CSFP &
10 mmHg and MAP[ 85 mmHg

Avoid large volumes of CSF drainage (drain\ 40–50 ml/h),

and drainage = 150–200 ml/day

If there are no neurologic symptoms, it is not necessary to

increase the drainage

Postoperative management and monitoring

(a) Disposition Intensive care unit

(b) Early neurological exam Allow for fast-track anesthesia and early extubating for early

evaluation

(c) Position Elevate the head of the bed 20–30� if there are no
neurological deficits. If such deficits are present, let patient

rest supine

(d) Neurological checks Every 1 h for the initial 4 h, then every 2 h for 8 h, then every

4 h for 48 h if no neurologic change is noted

(e) CSF drainage (monitor CSF drainage and calculate

SCPP)

If there are no neurological symptoms, it is not necessary to
increase the drainage

Optimize/maintain SCPP[ 75 mmHg: CSFP &
10 mmHg and MAP C 85 mmHg for the first 12–24 h

after the intervention

Maintain the CSF pressure B 12 mmHg for 12–24 h and

B 15 mmHg for another 12–24 h

Maximal drainage = 150–200 ml/day

(f) Duration of CSF monitoring/drainage \ 72 h to minimize infection risk

48–72 h if neurologically intact and patient is Crawford

type I or II

If central neurologic deficit is present, weigh the risk of

infection versus benefit of continued CSF drainage

(g) Hemodynamics Avoid hypotension, augment BP if needed with vasoactive

agents and fluids (see intraoperative)
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vasodepressors in order to achieve a specific
goal in stroke volume (SV), cardiac index or
cardiac output (CI or CO), oxygen delivery
(DO2), central or mixed venous oxygen satura-
tion (SvO2–ScvO2) [53–60]. These parameters
allow for improved fluid therapy and the
administration of red blood cells or inotropes to
ensure adequate perfusion and oxygenation of
cells. To obtain these parameters with GDT,
minimally invasive monitoring was used, with

devices such as LiDCOTM (LiDCO Hemody-
namic Monitoring, Lake Villa, Illinois, USA) or
VigileoTM (Edwards Lifesciences, Irvine, Cali-
fornia, USA) systems that use a specific central
venous catheter placement for measurement of
ScvO2 [55, 57–59]. According to these protocols,
to achieve a MAP[85 mmHg, the following
GDT indicators were followed:

• SVI[35 ml/min/m2

• CI[2.5 l/min/m2

Table 1 continued

Subject Recommendations

(h) Onset lower extremity neurological deficit

Neurologic Deficit Scoring system:

1, minimal or no motion: paraplegia

2, motion but not against resistance or gravity: paraplegia

3, motion against resistance and gravity but no ability to

stand or walk: paraparesis

4, ability to stand and walk with assistance: paraparesis

Consider SCI vs neuraxial hematoma; call neurology and

perform MRI or CT scan

Increase SCPP[ 85–100 mmHg: CSF

pressure\ 10 mmHg (limit = 5 mmHg), increase MAP

to 100 mmHg, up to 110 mmHg (with intravascular

volume expanders and pharmacologically) [2, 3, 7, 8, 54]

If there are neurologic symptoms, some authors reported

drainages of more than 500 mL/day to achieve a

CSFP\ 10 mmHg [2, 3, 8, 12, 16]

Discontinuation of medications that could potentially

interfere with neurological examinations

Clinical neurological examination for 5 days. Discontinue

lumbar drain when neurological exam result plateaus or

5 days after procedure (whichever comes first) [26]

(i) Bloody CSF drainage May indicate intracranial bleed, consider MRI or CT scan

head and/or spine

(j) Headache Consider symptomatic intracranial hypotension and stop

CSF drainage

Call neurology if neurological deficit appears (before

resuming CSF drainage)

(k) DVT prophylaxis SQ heparin ± SCDs

(l) Drain removal: Stable neurological exam after 6 h with

drain clamp

Ensure intact catheter tip (rule out catheter fracture)

Ensure adequate coagulation profile similar to insertion

guidelines

Delay removal 2–4 h after last heparin administration

Hold heparin for 1 h after drain removal

LMWH low molecular weight heparin, SCPP spinal cord perfusion pressure, TAA thoracoabdominal aortic aneurysm, CSF
cerebrospinal fluid, CSFP CSF pressure, MAP mean arterial blood pressure, SQ subcutaneously administered, SCDs
sequential compression devices, SV stroke volume, CI cardiac index, DO2 oxygen delivery
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• DO2I C 600 ml/min/m2 or the best DO2I
attainable

• ScvO2/SvO2 C 70% to 75%
• Hb (hemoglobin) C 10 g/l
• Ht (hematocrit)[30%
• Diuresis[1 ml/kg/h
• Lactate\2 to 2.5 mmol/l

These parameters helped to avoid perioper-
ative coagulopathy and blood loss [13]:

• Prothrombin time[ 50%
• Plasma fibrinogen[2 g/l (fresh-frozen

plasma was transfused at 10–15 ml/kg)
• Platelets[100 g/l

After the TEVAR procedure (Table 1), the
patients were awakened and extubated as soon
as possible to assess neurological conditions.
The patients were transferred to the intensive
care unit (ICU) for continuous monitoring of
physiological parameters and neurological
conditions. Patients were carefully monitored
and assessed every hour for the first 4 h, then
ever 2 h for the next 8 h, and if no neurological
changes were observed, every 4 h for 48 h. If a
change occurred compared to the patient’s
preoperative neurological status (noted in the
first postoperative examination in the first hour
after surgery), the patients were considered to
have immediate SCI. Patients who experienced
an interval of normal function postoperatively
followed by a subsequent neurological deficit
were deemed to have delayed SCI [3, 17, 26].
SCI is defined as any new lower-extremity
motor or sensory deficit not attributable to
other causes (such as epidural hematoma,
intracranial pathology, peripheral neuropathy);
SCI is further characterized as paraplegia or
paraparesis on the basis of neurological deficit
scoring (Table 2) [1, 3, 17, 23, 26].

If no neurological deficits developed in the
first 48 h, CSF drains were removed and hemo-
dynamic monitoring discontinued. If neuro-
logical examination in the form of brain state
and lower-limb assessment determined chan-
ges, the protocol required:

• Accelerated neurological assessment sched-
ule (every hour)

• Increase of SCPP[85 to 100 mmHg in order
to maintain CSF pressure\ 10 mm Hg (with
a limit of 5 mmHg)

• Magnetic resonance imaging (MRI)

The lumbar drain was removed when the
results from the neurological examinations
plateau or at 5 days, whichever comes first. This
is accepted as the time limit for possible neu-
rological consequences due to TEVAR [17]. All
the patients of this study have been controlled
30 and 90 days after surgery.

RESULTS

Three patients with complicated acute TAA,
who had accepted to be treated with the pro-
posed protocol, died at the beginning of surgery
because of untreatable aneurysm ruptures. A
total of 47 patients completed the procedure;
their age range was 54–83 (mean age 70.1 years),
35 were men and 12 women. Twenty-seven
patients were Crawford classification type I (21
men, 6 women) and 20 were type II (14 men, 6
women). MAP equal to 85–95 mmHg and CSF
pressure B 10 mmHg could be consistently
maintained in all patients, allowing clinicians
to achieve the target goal of SCP pressure of at
least 75–85 mmHg. The volume of CSF drainage
was consistently less than 50 ml/h during
TEVAR for a maximum volume of 156 ml/day of
CSF, as recommended by many
[2, 3, 12, 13, 17], and the value of MAP was

Table 2 SCI scoring system

Score Definition

1 Minimal or no motion, paraplegia

2 Motion but not against resistance or gravity,

paraplegia

3 Motion against resistance and gravity but no

ability to stand or walk, paraparesis

4 Ability to stand and walk with assistance,

paraparesis

Note that scores 1–3 are used in the initial postoperative
period because ambulation cannot be tested (score 4) until
clinically appropriate
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obtained in all cases by optimizing peripheral
perfusion in accordance with the hemodynamic
parameters set forth in the protocol and in
agreement with GDT [55–60].

No cases of SCI occurred in this population
in the period up to 5 days following TEVAR.
There were no complications connected to
epidural corticosteroids, spinal drainage, or
hemodynamic monitoring. However, five
interesting cases occurred that are worthy of
note. Four patients showed a temporary neuro-
logical deficit at the end of the TEVAR proce-
dure characterized as paraplegia (three patients
experienced immediate neurological deficit
upon awakening and one patient had delayed
neurological deficit). One patient in this popu-
lation had evidence of a neurological deficit
prior to undergoing TEVAR. Immediately upon
awakening, two patients (one each in Crawford
classification types I and II) had a neurological
deficit scored between 1 and 2 (Table 2) and a
third patient had a score of 2/3 (Crawford clas-
sification type I) (Fig. 3). All three patients
experienced a complete reversal of this neuro-
logical deficit in the initial 60–96 h after sur-
gery. Moreover, one patient (Crawford
classification type II) experienced a delayed

neurological deficit about 20–24 h after TEVAR
and scored in the range of 1–2. This patient had
a total recovery after 5 days. Another patient
(Crawford classification type II) had a neuro-
logical deficit score between 1 and 2 about 6–8 h
before the TEVAR procedure with deficits in
both legs, but more pronounced in the left leg.
Five days after TEVAR, this patient had recov-
ered completely. Thus, there were no cases of
SCI in this entire population at 5 days post-
TEVAR.

After the analysis of the results of this pro-
tocol, it was decided to compare these data with
data obtained from the previous protocol that
did not include epidural corticosteroids. While
there are statistical and scientific limitations to
conclusions drawn from this comparison, it did
provide some insight. In fact, when the 47
patients treated with the new protocol were
compared to the last 47 consecutive patients
treated with the old protocol, taking care to
select the same proportion of patients with
Crawford’s classification types I and II, results
show that three patients using the old protocol
experienced a neurological deficit (one patient
had paraplegia with a score between 1 and 2;
the second patient scored between 2 and 3; and

Fig. 3 MRI of the worst case reported. Postprocedure
MRI quality was degraded by artifacts from aortic stent
(mainly at level of T10 to L1). T2 and FLAIR show
central hypo density within lower thoracic spinal cord with

some expansion at the level of T10 to L1, likely
representing recent ischemia of spinal cord. The neuro-
logical deficits disappeared after 96 h
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the third patient had moderate paraparesis,
score of 4). This was in contrast with the new
protocol using epidurally administered
methylprednisolone, where there were no cases
of SCI after 5 days.

DISCUSSION

The ultimate goal of spinal cord protectionmust
be the prevention of paraplegia/paraparesis by
using proactive measures. Multimodal protec-
tion is essential, especially if long-segment cov-
erage is planned. These strategies should include
specific interventions aimed at improving SCI
tolerance, reducing the ischemic reperfusion
response, and improving oxygen delivery to the
spinal cord. This new protocol is based on those
key points and allowed our team to be proactive
in improving SCI tolerance and reducing ische-
mia reperfusion response by direct pharmaco-
logical treatment with epidurally administered
methylprednisolone [28, 32, 46, 50, 51]. More-
over, it optimized oxygen delivery to the spinal
cord by implementing a more accurate control
and hemodynamic guide and, in that way,
improving spinal cord perfusion pressure. Our
experience and the results of this new clinical
protocol with epidurally administered methyl-
prednisolone have been encouraging. No cases
of SCI occurred at 5 days after TEVAR and we
have been able to maintain the hemodynamic
targets set forth in the protocol. Furthermore,
we did not observe any of the complications
sometimes associated with epidural steroids
[62], spinal drainage [64], and hemodynamic
monitoring [52].

The perioperative mortality of three patients
with acute complicated TAA cannot be attrib-
uted to any iatrogenic causes. The current in-
hospital mortality rate for acute TAA is high
(from 7.7% to 50%) [1, 2, 4, 5, 11, 16, 21, 64],
and while the mortality rate for acute TAA in
our study is not out of line with current data, it
remains suboptimal.

It must be emphasized that our study evalu-
ating this new protocol has limitations, mainly
in that it is not a controlled study. The protocol
was evaluated in a small population at only two
centers. It should be noted there is a paucity of

literature on epidural corticosteroids in this
setting. The authors found no relevant data
regarding the use of epidural corticosteroids in
patients undergoing treatment for aortic syn-
drome (open surgery or endovascular aortic
repair). We are not aware of studies comparing
patients treated with corticosteroids versus
without corticosteroids. Specific data and com-
parisons on the actual efficacy of systemic cor-
ticosteroids are available for trauma [39, 40] but
not in aortic syndrome.

The effectiveness of any pharmacological
treatment for SCI depends in part on the suffi-
cient concentration of drug at the segmental
level. From the literature, it is evident that the
spinal bioavailability of methylprednisolone
after systemic administration is very low [46].
This led to the suggestion of drug administra-
tion via intrathecal or epidural routes.
Intrathecal drug delivery may not be feasible in
aortic repair patients because of their need for
lumbar CSF draining. The epidural route
appears to be the only reliable option. For that
reason, our new protocol evaluated the use of
epidurally administered methylprednisolone.
There are no data on the use of epidural corti-
costeroids in the prevention and treatment of
SCI and we could find no relevant literature that
addressed the intrathecal pharmacokinetics of
epidurally administered methylprednisolone in
SCI. To the best of our knowledge, epidural
steroids are used only in pain management. The
majority of studies using epidural steroids to
control pain called for doses of epidurally
administered methylprednisolone ranging from
20 to 40 mg diluted in a mean volume of 6 ml
(3–7 mg of methylprednisolone/ml) for cover-
ing three to five spinal segments [61, 62]. The
segments involved during TEVAR depend on
the type of aneurysm involved and its repair. At
the extreme, the segments can span the regions
from cervical to lumbar and result in a variety of
clinical presentations ranging from verte-
brobasilar insufficiency, stroke, arm ischemia,
paraparesis, and paraplegia [1–3, 14, 22, 56]. On
the basis of these data and other studies
[13, 50, 60–62], it was decided that our new
protocol would include a high dose of methyl-
prednisolone acetate (160–200 mg) in order to
achieve a sufficient local concentration and
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high volume (25–30 ml) to cover all potentially
vulnerable segments. The volume and dosage to
be injected into the epidural space were, there-
fore, based on Crawford’s classification (vascu-
larization and the medullary segments
involved) [3, 61, 63, 64]. The volume of diluted
drug (25–30 ml), which is the normal volume of
anesthetics for epidural anesthesia, injected
into the epidural space does not appear to affect
the cerebral blood flow (CBF) or spinal cord
blood flow (SCBF) in animals with normal
intracranial pressure. In pigs with increased
intracranial pressure, epidural injection may
cause a brief and temporary reduction in CBF
and SCBF (with a decrease in cerebral perfusion
pressure). Actually, there appears to be a prompt
return of CBF and SCBF to baseline values
within about 100–160 s following epidural
injection, likely attributable to autoregulatory
mechanisms [65].

This new clinical protocol may serve as a
review on how and why clinicians must search
for the optimal MAP value (C 85 mmHg) and,
in so doing, how they may achieve adequate
spinal cord perfusion pressure (C 75 to
80 mmHg) during TEVAR. In particular, our
observations are that using careful, specific
hemodynamic monitoring has greatly facili-
tated an improved approach to achieving the
desired MAP values [53–60]. Contrary to open
surgery where advanced, complete hemody-
namic monitoring is routinely used, precise
hemodynamic monitoring is used in only a few
protocols for treating TEVAR [13, 60]. In such
protocols, MAP C 80 mmHg was only achieved
using basic vital hemodynamic parameters.

In our new clinical protocol with the appli-
cation of GDT, it is possible to monitor and
control hemodynamic parameters (peripheral,
vascular, and blood diffusion, i.e., oxygen
delivery) which are fundamental to obtaining
the right MAP value rather than just achieving a
numerical target. For example, in some patients
(even normotensives), it might be possible to
achieve a MAP C 85 mmHg without full moni-
toring by working on the hemodynamics, by
using a greater quantity of inotropes/vasopres-
sors (particularly noradrenaline) rather than by
the correct and precise use of fluids. This means
that in some patients, a value of

MAP C 85 mmHg may be noted that may not
reflect the right and real physiological value of
adequate peripheral tissue perfusion. In other
words, this numerical value may be the result of
a peripheral shunt and therefore it may be
harmful rather than helpful in terms of actual
peripheral perfusion (oxygen delivery) of the
spinal cord [53–60]. In the event that the
patient in this scenario exhibits neurological
signs, such a false MAP value might cause the
physician to reduce CSF pressure even lower
than 10 mmHg, greatly enhancing the patient’s
risk. With the new protocol used in this study,
all patients had a CSF pressure maintained
consistently at or below 10 mmHg.

The results of our initial uncontrolled study
of this new protocol have been encouraging,
compared with the results present in the litera-
ture [66], in particular in that there were no
cases of SCI at all. These are also the first data
reported on the use of epidural corticosteroids
in patients undergoing open or endovascular
TAA. It is the hope of the authors that this study
and these data may serve as a starting point for
continuing future research. Improving TAA
outcomes is an urgent and unmet medical need.
It may be of interest to study variations on our
new protocol such as evaluating the role of
epidural corticosteroids administered 12–48 h
prior to a TEVAR procedure.

CONCLUSIONS

Of the 47 consecutive patients treated with this
new protocol at two centers over a 3-year per-
iod, none showed SCI 5 days after TEVAR and
there were no complications or adverse events.
In broad strokes, the protocol calls for CSF
drainage, controlled arterial pressure, and the
use of epidurally administered methylpred-
nisolone acetate. The protocol requires careful
control of hemodynamic parameters, which is
not consistently done in endovascular proce-
dures. The use of this new protocol with high
dosages of epidurally administered methyl-
prednisolone to help prevent SCI in patients
treated with TEVAR has demonstrated clinical
feasibility and delivered promising results that
warrant further study.
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