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Objective
Spinal cord injury (SCI) 

after descending thoracic 
and thoracoabdominal 
aortic aneurysm 
(DTAA/TAAA) repair
triggers poor prognosis.  

Special protocol to treat 
SCIs are used in our 
institution. We 
retrospectively reviewed 
what are the predictors for 
recovery from SCI.

DP with a SAP >150 mmHg. Although this evidence would suggest
maintaining a higher SAP, the risks of a higher SAP with use of
inotropes to achieve this pressure is not without risks. Such risks
would include peripheral ischemia, intracranial bleeding, as well
as end-organ malperfusion, such as renal failure and hepatic dys-
function. It was very clear that DP itself was a harbinger for worse
late outcome and more postoperative complications (Table 4). A
significant number of patients with DP also suffered from ICH (9%)
and bloody CSF drainage (66%). It remains unclear whether this
was a direct result of the CSF drain use or the other measures meant
to address the DP, such as increasing the SAP. Thus, in modifying
our protocol, emphasis was paid to avoiding overtreatment, that
is, setting the goal SAP of ≥130 mmHg. Figure 5 depicts our revised
paraplegia prevention protocol and Figure 6 depicts our revised
COPS protocol for the management of DP.

In developing the COPS protocol, the “PS” represented “Patient
Status” and was meant to draw attention to not only the
hemodynamic status, but also conditions that could cause dramatic
changes in oxygen delivery and hemodynamics. In this study, renal
replacement therapy was identified as an independent risk factor
for DP with an OR of 7.5, P = 0.03. This was intuitive, because
dramatic hemodynamic changes could occur with hemodialysis.
Thus, use of continuous renal replacement therapy seemed more
prudent in the early postoperative period.

Limitations
This study should be viewed with certain limitations. As a ret-

rospective analysis, certain biases were inherently present. A

Figure 2. Comparative accuracy of 24-hour hemodynamic
fluctuations for delayed neurologic deficit (DND)
predictions—Receiver Operating Characteristic (ROC) curve.
(Color version of figure is available online.)

Table 6. Intra-/Postoperative Hemodynamic and Functional
Predictors of Delayed Neurologic Deficit

Variable OR* 95%
Confidence
Limits

Parameter
Estimate

P Value

Loss of MEP 8.6 1.78-41.44 2.1509 0.007
SBP fluctuation* 1.2 1.04-1.47 0.2151 0.014
Drain complications 21.4 4.99-92.07 3.0651 <0.001
Renal replacement

therapy†
7.5 1.15-48.94 2.0147 0.035

*SBP fluctuations in the immediate 24-h period before delayed neuro-
logic deficit onset.
†Included hemodialysis or continuous venovenous hemodialysis started
in the immediate or early (within 72 h) postoperative period (before delayed
neurologic deficit onset).

Figure 3. Kaplan-Meier survival of patients with delayed,
immediate, and no paraplegia. (Color version of figure is
available online.)

Figure 4. Continuous odds curve for hourly fluctuations in
systolic and mean arterial pressures over 24 hours before DP
onset. (Color version of figure is available online.)
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Modified COPS Protocol to Treat SCI
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2004-Current
§ 1125 DTAA/TAAA repairs

§ 65.0±12.2 years old

110 SCI (9.8%)
§ 28 immediate
§ 82 delayed

SCI=paraplegia+paraparesis 



How Many Recovered from SCI?

58 (52.7%)

Functional recovery: ambulatory at discharge or an increase in 
modified Tarlov score of 2 or more. 



Recovered M=58 No Recover N=52 P-value

Age 64.8±12.4 65.2±12.2 0.804

Female 19 (33%) 16 (31%) 0.823

Heritable Aortic Dz 12 (21%) 18 (35%) 0.102
CKD Stage 1

Stage 2
Stage 3a
Stage 3b
Stage 4
Stage  5

20 (35%)
14 (25%)
11 (19%)
3 (5%)
9 (16%)
0 (0%)

13 (25%)
16 (31%)
7 (13%)
9 (17%)
4 (8%)
3 (6%)

0.279
0.436
0.436
0.064
0.204
0.102

DTAAA
Extent I
Extent II
Extent III
Extent IV
Extent V

12 (21%)
10 (17%)
16 (28%)
13 (22%)
7 (12%)
0 (0%)

5 (10%)
8 (15%)
13 (25%)
16 (31%)
5 (10%)
5(5%)

0.109
0.793
0.759
0.321
0.680
0.016

COPD 37 (64%) 24 (46%) 0.063

HTN 55 (95%) 50 (96%) 1.000

CAD 23 (40%) 17 (33%) 0.449



Recovered 
M=58

No Recover 
N=52 P-value

Emergent 4 (7%) 13 (25%) 0.016

MEP  loss 35 (60%) 39 (75%) 0.102

SSEP loss 17 (29%) 42 (81%) <0.001

Intraop hypotension 0 (0%) 11 (21%) <0.001

Immediate SCI 5 (9%) 23 (44%) <0.001

Delayed SCI 53 (91%) 29 (56%) <0.001



Predictors for Recovery
Variables

(number present in SCI)

Recover
y (%)

Odds Ratio

Recovery vs. 
Permanent

Confidence 
Intervals P-value

Female (N=35) 19 (54%) 1.096 0.490-2.451 0.823

Connective tissue disorder (N=30) 12 (40%) 0.493 0.210-1.158 0.102

Aortic dissection (N=51) 27 (53%) 1.018 0.480-2.153 0.967

Emergent repair (N=17) 4 (24%) 0.222 0.067-0.733 0.016

Extent V repair (N=5) 0 (0%) 0.021

Intraop CSFD use (N=103) 54 (52%) 0.827 0.176-3.879 1.000
MEP loss (N=74) 35 (47%) 0.507 0.224-1.151 0.102

SSEP loss (N=59) 22 (4%) 0.099 0.041-0.241 <0.001

Immediate SCI (N=28) 5 (18%) 0.119 0.041-0.346 <0.001



Why TAAA Extent V?

T8-T12

Artery of Adamkiewicz
(arteria radicularis anterior magna)

Possible 
statistical error 
due to very low 
incidence of SCI 
in this group 

(lowest in all 
DTAA/TAAA 
repair in our 
experience)



Why Emergent Repair?

§ Hypotension
§ ICA reattachment
§ CSFD



MEP vs. SSEP Loss
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Loss of response to ischemia

Cortex-EEG

Peripheral nerve-SSEP/MEP

Gray matter-MEP

Sensory white matter-SSEP

Motor white matter-MEP

MEP loss: 
Gray matter-”penumbra”

no infarction yet
SSEP loss:
Gray matter – "penlucida"
beginning of infarct
White matter – “penumbra”

SSEP loss = advanced ischemia



Conclusions
§ Nearly half of the patients who developed SCI after 

DTAA/TAAA had functional recovery 

§ Emergent repair, SSEP loss, TAAA extent V, and 

immediate SCI had less likelihood of recovery from SCI. 
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