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The Münster strategy to avoid spinal cord ischemia during F/BEVAR 

US – Aor(c Research Consor(um
FEVAR/BEVAR 2005-2020 n=1681
Any degree of SCI : 7,1%  n=120
Transient paraparesis: 3% n= 50
Permanent paraplegia 4,2% n=70

Background

Etz et al. J Thoracic Cardiovasc Surg 2011;141:1020-28

The spinal perfusion
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St. Franziskus Hospital Münster experience 2010 - TAAA
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Risk factors for spinal cord ischemia after
endovascular repair of thoracoabdominal aortic
aneurysms

Q5 Theodosios Bisdas, MD, PhD, Giuseppe Panuccio, MD, Masayuki Sugimoto, MD,
Giovanni Torsello, MD, PhD, and Martin Austermann, MD, Münster, Germany

Objective: The introduction of fenestrated and multibranched endografting transformed the treatment paradigm of pa-
tients with thoracoabdominal aortic aneurysms (TAAAs). However, despite the minimally invasive character of the
procedure, spinal cord ischemia (SCI) remains a devastating complication. The aim of this study was to address the SCI
rates after endovascular TAAA repair and to analyze potential risk factors leading to this complication.
Methods: A consecutive cohort of patients with nonruptured TAAAs treated by means of fenestrated and multibranched
endografting between January 2010 and September 2014 was analyzed. Neurologic examination was routinely performed
by an independent neurologist before operation and at discharge. The main outcome measure was the onset of SCI
(paraplegia or paraparesis). Secondary outcomes were neurologic complications associated with cerebrospinal fluid
drainage (CSFD) and 30-day mortality. Finally, a multivariate regression analysis identified risk factors for SCI.
Results: A consecutive 142 patients with TAAAs (Crawford type II, n [ 54 [38%]; type III, n [ 76 [54%]; type IV, n [
12 [8%]) were included in this study. The majority of patients (n [ 129 [91%]) were treated for an atherosclerotic
aneurysm, whereas 13 patients (9%) were treated for a postdissection aneurysm. The mean maximal aortic diameter was
65 6 13 mm. SCI developed in 23 patients (16%; paraplegia in 12 [8%] and paraparesis in 11 [8%]). Of these 23 patients,
10 patients (43%) showed the neurologic deficit directly after the procedure, 11 patients (48%) in the first 24 hours, and 2
patients (9%) after 24 hours. There was an improvement of the neurologic status in the majority of patients, with only
three patients (2%) showing irreversible paraplegia at discharge. There was no difference in the 30-day mortality between
patients with and without SCI (SCI, n [ 3 [3%] vs no SCI, n [ 1 [4%]; P [ .511)Q1 . Prophylactic use of CSFD before the
procedure was performed in 64 patients (45%), and among them, 4 patients (6%) developed a CSFD-associated
complication. No clinical benefit for patients receiving prophylactic placement of CSFD was found (P [ .498). The
multivariate analysis revealed the percentage of thoracic aortic coverage as the only significant risk factor for SCI (odds
ratio, 1.03; 95% confidence interval, 1.01-1.05; P [ .001).
Conclusions: The SCI rate after endovascular repair of TAAA was 16%, with 8% of those patients suffering from para-
plegia. Prophylactic use of CSFD could not reduce the SCI rate and was associated with 6% adverse events. The percentage
of thoracic aortic coverage was the most powerful determinant of SCI in these series. (J Vasc Surg 2015;-:1-9.)

The development of fenestrated and multibranched
endografts changed the armamentarium of vascular sur-
geons in the treatment of thoracoabdominal aortic aneu-
rysms (TAAAs) for patients unfit for open repair.1,2 The
great expectation was that the minimally invasive character
of the procedure (no visceral ischemia and no aortic clamp-
ing) would not only provide a survival benefit but also pre-
vent spinal cord ischemia (SCI). However, the first series of
TAAAs treated endovascularly could not support this hy-
pothesis.3 The reported incidence of SCI ranged between

0% and 10% for thoracic endovascular aortic repair
(TEVAR) and between 0% and 30% for endovascular
TAAA repair.4 Comparably, the “real-world” incidence of
SCI after open TAAA repair still ranges between 5% and
11% for all types of TAAAs and up to 22% for Crawford
type II TAAAs.4 Of note, several centers of excellence
have reported SCI rates after open surgical repair of Craw-
ford type II TAAAs of <4%.5

In contrast to open repair, in which the refinement of the
surgical technique and the adoption of several adjunctive
measures led to a significant reduction of SCI, the literature
on endovascular TAAA repair lacks evidence about specific
interventions or measures that warrant routine spinal cord
monitoring and perfusion.6 The essential problem for any
kind of spinal cord monitoring is that paraplegia following
endovascular procedures is most commonly observed in
the late postoperative period.3,6 At present, the concept of
elective sac perfusion through an open branch remains the
only innovation, which seems to have a protective role
against paraplegia but still carries a relevant risk of aneurysm
rupture.7 Hence, it remains important to identify potential
risk factors for spinal cord injury during endovascular repair
to develop risk-stratified strategies against SCI.
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Fig 3. Aortic coverage in percentage in patients treated endovascularly for thoracoabdominal aortic aneurysms
(TAAAs). The aorta is normalized in percentage from the superior mesenteric artery (0%) to the left subclavian artery
(LSA). Each bar represents the aortic coverage of each patient (green, no spinal cord ischemia [SCI]; red, SCI)
correlated also to the Crawford classification of the respective aneurysm. The anatomic position of the LSA for each
patient is also marked (circles).
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Fig 2. Aortic coverage in percentage in patients treated endovascularly for thoracoabdominal aortic aneurysms
(TAAAs). The aorta is normalized in percentage from the subclavian artery (100% coverage) to the aortic bifurcation
(0% coverage). Each bar represents the aortic coverage of each patient (green, no spinal cord ischemia [SCI]; red, SCI)
correlated also to the Crawford classification of the respective aneurysm.
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Münster results 2015

Riscfactor for SCI during endovascular TAAA-repair:

Amount of covered aorta.

Circulatory instability (blood transfusion, need of catecholamines)

ProphylacEc CSF drainage without impact on SCI,
but 6% complicaEons!
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Avoiding SCI
Our strategy:

Without prophylacCc

CSF drainage!
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St. Franziskus Hospital Münster experience 2010 - TAAA
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Thoraco-abdominal Typ B Dissection with false lumen aneurysm

1. session

2. session

Solu%on 1: Staging
The Münster strategy to avoid spinal cord ischemia during F/BEVAR 

Place the GraJ

Solu%on 2: Early reperfusion of the iliacs

Close the groins AKach the target
Vessels to the Cuffs
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Operator – Anästhesiologist – Intensiv care unit

Amount of aorBc coverage
Blood loss
Special risks: Occlusion of the hypogastric arteries

Subclavian occlusion
Amount of intercostals

About:

Post-operaCve visit of the operator on the ICU!

Solu%on 3: Communica%on

The Münster strategy to avoid spinal cord ischemia during F/BEVAR 
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For 48h: 
Middle RR > 80mmHg, HB > 10 g/dl monitored on ICU
Bedrest.

Circulatory stability :
Avoid blood loss or subsTtute.
Ideal volume therapy.
Avoid catecholamines if possible.

Cerebrospinal fluid drainage (CSFD) only on demand.

Solu%on 4: Standardized periopera%ve managment

The Münster strategy to avoid spinal cord ischemia during F/BEVAR 
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Propensity score analysis 2010-2014 vs 2015-2022

 

 

Table II. Patient demographics and characteristics before and after Propensity 
Score matching  

Variables Control 
group 

(n=105) 

 Intervention group 
before matching 

(n=242) 

Intervention 
group after 
matching 
(n=105) 

Age, years 70 ± 7 71 ± 8 70 ± 8 

Male 75 (71) 159 (66) 73 (70) 

ASA class 2 0 (0) 3 (1) 0 (0) 

ASA class 3 20 (19) 42 (17) 16 (15) 

ASA class 4 85 (81) 197 (81) 89 (85) 

Tobacco Use    

no 38 (36) 108 (45) 39 (37) 

current 37 (35) 96 (40) 38 (36) 

former 30 (29) 38 (16) 28 (27) 

COPD 27 (26) 56 (23) 28 (27) 

Diabetes 11 (10) 34 (14) 9 (9) 

Hypertension 97 (92) 230 (95) 96 (91) 

Hyperlipemia 56 (53) 111 (46) 57 (54) 

Coronary artery disease 36 (34) 86 (36) 39 (37) 

Stenosis supra-aortic vessels 27 (26) 29 (12) 21 (20) 

unknown 13 (12) 77 (32) 13 (12) 

Peripheral atherosclerosis 36 (34) 74 (31) 35 (33) 

Patent hypogastric artery (50%) - right 102 (97) 233 (95) 104 (99) 

Stenosis/occluded hypogastric artery 
(50%) - right 

3 (3) 7 (3) 1 (1) 

Aneurysm hypogastric artery (50%) - 
right 

0 (0) 2 (1) 0 (0) 

Patent hypogastric artery (50%) - left 102 (97) 231 (95) 103 (98) 

Stenosis/occluded hypogastric artery 
(50%) - left 

2 (2) 9 (4) 2 (2) 

Aneurysm hypogastric artery (50%) - 
left 

1 (1) 2 (1) 0 (0) 

 

 

Table II. Patient demographics and characteristics before and after Propensity 
Score matching  

GFR 72 ± 26 70 ± 25 72 ± 25 

Type of thoracoabdominal aortic 
aneurysm 

   

TAAA II 48 (46) 105 (43) 50 (48) 

TAAA III 50 (48) 99 (41) 48 (46) 

TAAA IV 5 (5) 27 (11) 5 (5) 

juxtarenal 2 (2) 7 (3) 2 (2) 

PAU 0 (0) 4 (2) 0 (0) 

 
 
 
Covered aorta length (categorised) 

   

Group 1: 0 - 50% 37 (35) 101 (42) 32 (30) 

Group 2: >50 - 75% 24 (23) 32 (13) 24 (23) 

Group 4: >75 - 100% 44 (42) 109 (45) 49 (47) 

Largest diameter [mm] 63 [58; 70] 63 [58; 72] 63 [60; 72] 

Symptomatic 16 (15) 64 (26) 14 (13) 

Ruptured 1 (1) 17 (7) 0 (0) 

missing values 7 12 7 

Note. PS, Propensity score; ASA, American Society of Anesthesiologists; COPD, chronic 
obstructive pulmonary disease; GFR, glomerular filtration rate; PAU, penetrating atherosclerotic 
ulcer; TAAA, thoracoabdominal aortic aneurysm; Categorial variables are presented as absolute 
and relative frequencies (%). Continuous variables are reported as mean ± standard deviation or 
median [25% quantile; 75% quantile]. 

 

 

 

Table V. Spinal cord ischemia  

Variables Control group 
(n=105) 

 Intervention group 
(n=105) 

P-value 

Postoperative SCI 25 (23.8%) 
3.8 (95% CI 1.8 – 

8.0) 

8 (7.6%) 
Reference 

 
<0.001 

Paraparesis* 18 (17.1%) 
3.6 (95% CI 1.5 – 

8.7) 

6 (5.7%) 
Reference 

 
0.004 

Paraplegia* 7 (6.7%) 
4.2 (95% CI 0.85 – 

21.2) 

2 (1.9%) 
Reference 

 
0.078 

    

Permanent paraplegia 4 (3.8%) 
4.1 (95% CI 0.44 – 

38.5) 

1 (1%) 
Reference 

 
0.215 

    

Recovery at discharge    

no 6 (24%) 2 (25%)  

partial 17 (68%) 5 (62.5%)  

complete 2 (8%) 1 (12.5%)  

    

    

Note. SCI, Spinal cord ischemia; Data are presented as absolute and relative frequencies (%). Odds ratios, 
corresponding 95% confidence intervals, and p-values were computed using logistic regressions with cluster-robust 
standard errors with matched-pair membership as the cluster. * For the subcategories of SCI, the logistic regressions 
modelled the probability of paraparesis or paraplegia compared to no SCI. 
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Conclusion:

Staging...

Early restauraTon of the iliac perfusion...

CommunicaTon Operator-Anesthesiology...

Standardized perioperaTve management without prophylacTc CSFD...

....reduce the risk for SCI below 8% and for Paraplega below 2%

The Münster strategy to avoid spinal cord ischemia during F/BEVAR 

e-mail: martin.austermann@sfh-muenster.de
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