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Spinal preconditioning with procedural staging

Etz CD et al. J Thorac Cardiovasc Surg 2010 O'Callaghan A et al. J Vasc Surg 2015

Open TAAA repair Endo TAAA repair 
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Two steps staging protocols: TEVAR first / TASP 

Proximal stent-grafting Temporary Aneurysm sac perfusion (TASP)

O'Callaghan A et al. J Vasc Surg 2015 Harrison SC et al. J Vasc Surg 2012 
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Thoracic step Visceral step Limb stepType II TAAA

Three-step staged protocol

Bertoglio et al. Eur J Endovasc Surg 2020
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Only therapeutic CSFD drainage in elective cases

Liquogard Monitoring: < 10 cmH2O; max flow 20 mL/h

- No prophylactic / preoperative CSFD

- Only therapeutic / postoperative CSFD

- Automated drainage
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Updated Type I-II-III TAAA elective experience
137 cases (Jan. 2013 – December 2021)  

Age (years) 73 (IQR 68 – 78)

Male 72%

Hypertension 92%

Smoking 74%

Hyperlipemia 64%

Diabetes 12%

CAD > 1 (SVS/AAVS) 56%

COPD > 1 (SVS/AAVS) 75%

Renal > 1 (SVS/AAVS) 47%

Renal stage > II 86%

II (GFR 60-89 mL/min) 39%

III (GFR 30-59 mL/min) 43%

IV (GFR 15-29 mL/min) 5%

V (GFR < 15 mL/min) 4%

Crawford Classification

20 62 55
(15%) (45%) (40%)

I II III 

Mean diameter: 61 (IQR 55-68)
Post-dissecting= 33 (24%)
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Mortality / Spinal cord ischemia results
Mortality 7.3% - Permanent paraplegia 3.6% 

Outcome Type I

(n=20)

Type II

(n=62)

Type III

(n=55)

Overall

(n=137)

In-hospital mortality 2 1 3 6 (4.4%)

Intersurgical death* 1 3 0 4 (2.9%)

Permanent SCI 0 3 2 5 (3.6%)

Temporary SCI 4 10 5 19 (13.9%)

*All aneurysms > 8 cm: 3 ruptures and 3/4 CMD devices
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Literature waiting time rupture / death
During the waiting time of CMDs

Katsargyris et al. Eur J Endovasc Surg 2020Gallitto et al.  J Vasc Surg 2020

Gallitto et al.
(n=141)

Katsargyris et al.
(n=906) 

5 (3.8%) Ruptures 16 (1.8%)

2 (1.4%) Un-related death 22 (2.4%)

2 (1.4%) Patients / clinical refusal 6 (0.6%)

6 (5.2%) Any intersurgical death 38 (4.2%) 
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Literature waiting time rupture / death
During the waiting time of CMDs

Katsargyris et al. Eur J Endovasc Surg 2020Gallitto et al.  J Vasc Surg 2020

“…diameter may be at higher risk of rupture. 
Measures to reduce the risk of rupture during the 
waiting time might include the use of off the shelf
devices for larger aneurysms. ”

“…there is a high risk of both rupture in aneurysms
>70 mm ... These factors should be considered in the 
indication for custom-madefenestrated/branched 
endograft repair.”
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New off-the-shelf TAAA devices
58% of TAAAs are treatable within IFUs

Bertoglio et al. J Vasc Surg 2021
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Selective staged procedures based on MEP /SEPs
TEVAR first in 18% of the cases + selective TASP in 10% of the cases with 96% of CSFD

Banga et al. J Endovasc Ther 2016
Tenorio. Ann Surg 2021
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Spinal cord postoperative possible triggers
No aneurysm exclusion during the more complex step

Final sac exclusion without precipitating SCI factors:

- Hypotensive state

- Anemia

- Cardiopulmonary complications
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Identify high-risk patients subgroups requiring

staging

Overall
(n=596)

TAAA 252 (42%)
Type I 32 (14%)
Type II 103 (45%)
Type III 96 (42%)
Type V 21 (8%)

Complex Abdominal 334 (56%)
Type IV 89 (27%)
JAAA 124 (37%)
Pararenal 121 (36%)

Visceral aortic patch 10 (2%)

Elective 521 (86%)
Urgent / Emergent 75 (13%)

Ruptured 16 (21%)
Symptomatic 11 (15%)
> 8 cm 48 (64%)

Bertoglio et al. J Vasc Surg 2021 (in press)





Cohort selection criteria (240 extensive TAAA)

INCLUSION

- Extensive TAAA (Crawford/Safi Type I, II, III and V) 

- Elective 

EXCLUSION

- Complex abdominal aneurysms (juxtarenal, pararenal and type IV)

- Ruptured

- Visceral aortic patch in previous TAAA open repair

Preoperative risk factors
Overall
n=240

Age, years 73 (68-77)
Male 183 (76%)
Hypertension (grade ≥1) 232 (97%)
Smoking habit (grade ≥1) 171 (72%)
Diabetes (grade ≥1) 65 (27%)
Hyperlipidemia (grade ≥1) 155 (65%)
Renal status (grade ≥1) 82 (34%)
Pulmonary status (grade ≥1) 161 (67%)
Cardiac status (grade ≥1) 110 (46%)
Brain status (grade ≥1) 65 (27%)
SVS score, points 8 (6-12)
ASA score = 4 103 (43%)
Aneurysm diameter, mm 63 (58-70)
Post-dissecting 34 (14%)
Connective tissue disorders 8 (3%)

Grading according to SVS reporting standards



Cohort procedural staging: 136 (57%) 

Bertoglio et al. J Vasc Surg 2021



Previous aortic surgery = historical staging

Preoperative status
Overall
n=240

LSA stenosis >75% or occlusion 6 (3%)

Any thoracic or abdominal aortic surgery 136 (57%)

Branched endovascular arch 1 (1%)

Frozen elephant trunk 9 (4%)

Thoracic endovascular repair 25 (10%)

Open thoracic repair 12 (5%)

Open thoraco-abdominal 13 (5%)

Open abdominal repair 89 (37%)

Abdominal endovascular repair 13 (5%)

Any HA stenosis >75% or occlusion 37 (15%)

Bilateral iliac occlusive disease 14 (6%)

EVAR
TEVAR
Open AAA
Open DTA
FET 



Spinal cord ischemia: Uni- and Multivariable analysis

Outcome Univariable analysis Multivariable analysis

Risk factor P value OR 95%CI P value

Spinal Cord 
complications

Grade = 3
(Permanent)

Female gender .051
Pulmonary status ≥1 .047

Previous thoracic or abdominal aortic repair .002 0.02 0.001 - 0.461 .014

Any LSA or HA stenosis>75% or occlusion .047 17.27 1.7 - 175.8 .016

Bilateral iliac occlusive disease .008 10.14 1.05-98.32 .046

Procedural staging .036 0.01 0.021 - 0.7 .019

Red blood cells transfusion visceral stage .021 1.37 1.07 - 1.76 .014

Any postop. renal complications <.001 6.49 1.20 - 35.0 .030

Only p values <.01

Bertoglio et al. J Vasc Surg 2021 



Procedural staging in historical staged patients

No Historical staging
n=104

Historical staging
n=136

No 
Procedural 

Staging 
n=37

Procedural 
Staging

n=67

p value

No 
Procedural 

Staging 
n=46

Procedural 
Staging

n=90

p value

Hypertension (grade ≥1) 44 (96%) 90 (100%) .046
Diabetes (grade ≥1) 9 (25%) 18 (27%) .050
Pulmonary status (grade ≥1) 27 (59%) 68 (76%) .043
Brain status (grade ≥1) 7 (15%) 28 (32%) .041
TAAA V extent 6 (16%) 3 (5%) .042
Any LSA or HA stenosis >75% or occlusion 3 (8%) 9 (13%) .421 7 (15%) 24 (27%) .134
Bilateral iliac occlusive disease 3 (8%) 6 (9%) .931 2 (4%) 3 (6%) .815
Any preoperative CSFD 18 (49%) 39 (60%) .277 28 (61%) 45 (51%) .280

Any Mortality 3 (8%) 5 (8%) .906 3 (7%) 7 (8%) .791
Any systemic complication ≥1 19 (51%) 27 (40%) .277 24 (52%) 39 (43%) .328

Any temporary or permanent SCI 9 (24%) 9 (13%) .160 7 (15%) 15 (17%) .828
Permanent grade 3 SCI 7 (19%) 4 (6%) .040 1 (2%) 1 (1%) .626
Cerebrovascular complications 1 (3%) 4 (6%) .456 0% 5 (6%) .103
Cardiac complications 4 (11%) 7 (10%) .954 8 (17%) 13 (14%) .653
Pulmonary complications 8 (22%) 13 (19%) .787 15 (33%) 20 (22%) .190
Renal complications 15 (41%) 17 (25%) .109 10 (22%) 19 (21%) .933
Bowel complications 1 (3%) 4 (6%) .456 1 (2%) 2 (2%) .986

Number of RBC transfusion 1 (0-2) 2 (1-7) .005 1 (0-4) 3 (0-5) .071



Procedural staging in historical staged patients

No Historical staging
n=104

Historical staging
n=136

No 
Procedural 

Staging 
n=37

Procedural 
Staging

n=67

p value

No 
Procedural 

Staging 
n=46

Procedural 
Staging

n=90

p value

Hypertension (grade ≥1) 44 (96%) 90 (100%) .046
Diabetes (grade ≥1) 9 (25%) 18 (27%) .050
Pulmonary status (grade ≥1) 27 (59%) 68 (76%) .043
Brain status (grade ≥1) 7 (15%) 28 (32%) .041
TAAA V extent 6 (16%) 3 (5%) .042
Any LSA or HA stenosis >75% or occlusion 3 (8%) 9 (13%) .421 7 (15%) 24 (27%) .134
Bilateral iliac occlusive disease 3 (8%) 6 (9%) .931 2 (4%) 3 (6%) .815
Any preoperative CSFD 18 (49%) 39 (60%) .277 28 (61%) 45 (51%) .280

Any Mortality 3 (8%) 5 (8%) .906 3 (7%) 7 (8%) .791
Any systemic complication ≥1 19 (51%) 27 (40%) .277 24 (52%) 39 (43%) .328

Any temporary or permanent SCI 9 (24%) 9 (13%) .160 7 (15%) 15 (17%) .828
Permanent grade 3 SCI 7 (19%) 4 (6%) .040 1 (2%) 1 (1%) .626
Cerebrovascular complications 1 (3%) 4 (6%) .456 0% 5 (6%) .103
Cardiac complications 4 (11%) 7 (10%) .954 8 (17%) 13 (14%) .653
Pulmonary complications 8 (22%) 13 (19%) .787 15 (33%) 20 (22%) .190
Renal complications 15 (41%) 17 (25%) .109 10 (22%) 19 (21%) .933
Bowel complications 1 (3%) 4 (6%) .456 1 (2%) 2 (2%) .986

Number of RBC transfusion 1 (0-2) 2 (1-7) .005 1 (0-4) 3 (0-5) .071



Role of collateral network impairment

LSA or Hypogastric 
stenosis or occlusion

n=43

Procedural staging

n=157
n

Permanent Grade 3 SCI 
n=13

No 
Historical staging
n=104

NO
NO 34 6 (18%)
YES 58 2 (3%)

YES
NO 3 1 (33%)
YES 9 2 (22%)

Historical staging
n= 136

NO
NO 39 0%
YES 66 0%

YES
NO 7 1 (14%)
YES 24 1 (4%)

Impaired collateral

network

Previous aortic

surgery

Bertoglio et al. J Vasc Surg 2021



Role of collateral network impairment

LSA or Hypogastric 
stenosis or occlusion

n=43

Procedural staging

n=157
n

Permanent Grade 3 SCI 
n=13

No 
Historical staging
n=104

NO
NO 34 6 (18%)
YES 58 2 (3%)

YES
NO 3 1 (33%)
YES 9 2 (22%)

Historical staging
n= 136

NO
NO 39 0%
YES 66 0%

YES
NO 7 1 (14%)
YES 24 1 (4%)

Impaired collateral

network

Previous aortic

surgery

Bertoglio et al. J Vasc Surg 2021
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Staged vs Multistaged (unpublished data)

Two stages Three stages

P value+ TEVAR

n=77

+ TASP

n=45

+ TEVAR 
+ TASP 
n=35

Preoperative risk factors 

Diabetes 27 (35%) 4 (9%) 17 (49%) <.001
ASA score = 4 26 (34%) 28 (62%) 9 (26%) .004
TAAA I extent 20 (26%) 0% 5 (14%) .002
Any aortic previous aortic surgery 50 (65%) 22 (49%) 18 (51%) .413
Any preoperative CSFD 43 (56%) 33 (73%) 10 (29%) <.001
30-day outcomes

Clinical success 60 (78%) 32 (71%) 28 (80%) .932
Any Mortality 6 (8%) 5 (11%) 1 (3%) .768

In-hospital 4 (5%) 3 (7%) 0% .693
Intersurgical 2 (3%) 2 (4%) 1 (3%) .996

Any MAE > 1 30 (39%) 23 (51%) 13 (37%) .711
Any spinal cord ischemia 13 (17%) 6 (13%) 5 (14%) .997
Permanent spinal cord deficit 2 (3%) 2 (4%) 1 (3%) .996
Cerebrovascular complications 4 (5%) 3 (7%) 2 (7%) .575
Cardiac complications 10 (13%) 5 (11%) 5 (14%) .999
Pulmonary complications 14 (18%) 12 (27%) 7 (20%) .898
Renal complications 12 (16%) 18 (40%) 6 (17%) .016
Bowel complications 2 (3%) 2 (4%) 2 (6%) .974

Number of RBPC transfusion 2 (0-4) 5 (2-10) 2 (1-5) .004

157 patients
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Conclusions – How many Stages???

- Both historical and planned procedural staging were 

associated with a reduction of permanent SCI

- No additional benefit was observed when a procedural 

staging was performed in patients with historical staging and

intact collateral network 

- The number of stages should be influenced by the collateral 

network status and by the use of prophylactic CSFD use
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Procedural staging in historical staged patients
No Historical staging

n=104

Historical staging
n=136

No 
Procedural 

Staging 
n=37

Procedural 
Staging

n=67

p value

No 
Procedural 

Staging 
n=46

Procedural 
Staging

n=90

p value

Hypertension (grade ≥1) 44 (96%) 90 (100%) .046
Diabetes (grade ≥1) 9 (25%) 18 (27%) .050
Pulmonary status (grade ≥1) 27 (59%) 68 (76%) .043
Brain status (grade ≥1) 7 (15%) 28 (32%) .041
TAAA V extent 6 (16%) 3 (5%) .042
Any LSA or HA stenosis >75% or occlusion 3 (8%) 9 (13%) .421 7 (15%) 24 (27%) .134
Bilateral iliac occlusive disease 3 (8%) 6 (9%) .931 2 (4%) 3 (6%) .815
Any preoperative CSFD 18 (49%) 39 (60%) .277 28 (61%) 45 (51%) .280

Any Mortality 3 (8%) 5 (8%) .906 3 (7%) 7 (8%) .791
Any systemic complication ≥1 19 (51%) 27 (40%) .277 24 (52%) 39 (43%) .328

Any temporary or permanent SCI 9 (24%) 9 (13%) .160 7 (15%) 15 (17%) .828
Permanent grade 3 SCI 7 (19%) 4 (6%) .040 1 (2%) 1 (1%) .626
Cerebrovascular complications 1 (3%) 4 (6%) .456 0% 5 (6%) .103
Cardiac complications 4 (11%) 7 (10%) .954 8 (17%) 13 (14%) .653
Pulmonary complications 8 (22%) 13 (19%) .787 15 (33%) 20 (22%) .190
Renal complications 15 (41%) 17 (25%) .109 10 (22%) 19 (21%) .933
Bowel complications 1 (3%) 4 (6%) .456 1 (2%) 2 (2%) .986

Number of RBC transfusion 1 (0-2) 2 (1-7) .005 1 (0-4) 3 (0-5) .071

Few differences

Same collateral
network and 
CSFD use


