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A 77 year old male, with no previous thora-
cic or abdominal surgeries, presented with 
dysphagia. Barium swallow studies demon-
strated external compression of the lower 
esophagus. A computed tomography (CT) 
scan revealed a 7 cm thoracoabdominal 
aortic aneurysm extending from the infe-
rior half of the descending thoracic aorta to 
the renal arteries (Figure 1), with patency 
of the left subclavian, renal, mesenteric and 
iliac arteries. 
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ABSTRACT

Despite recent advances in technique, spinal cord ischemia remains one of the most dreaded complications of 
thoracic aortic surgery. Recently, it has been suggested that thoracic endovascular aortic repair may decrease 
the risk of paraplegia. We present a case of delayed paraplegia following thoracic endovascular aortic repair 
that was successfully reversed on 3 separate occasions in the same patient. This highlights the importance of 
vigilant clinical assessments, efficient multidisciplinary teamwork, and maintenance of the determinants of 
spinal cord perfusion following endovascular thoracic aortic intervention. 
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Rather than a traditional open thoracoab-
dominal repair, a 2-stage hybrid surgical 
approach was used. First, visceral vessel de-
branching of the celiac and superior mesen-
teric arteries was carried out with a bifur-
cated surgical graft from the left iliac artery. 
Three months later, the patient underwent 
the second stage with thoracic endovascu-
lar aortic repair (TEVAR) via femoral ar-
tery access. Given multiple risk factors for 
spinal cord ischemia (SCI) a pre-operative 
lumbar cerebrospinal fluid (CSF) drain was 
placed, transduced at the level of the right 
atrium, and set to drain at 10 cmH2O. 
Using a combination of pharmacologic mean 
arterial pressure (MAP) augmentation and 
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CSF drainage (limited to <10 mL/hr, for a 
total of 6 mL for the case), spinal cord perfu-
sion pressure (SCPP) was maintained at 70-
80 mmHg. Intra-operative neurophysiologic 
monitoring was not used. Two stent grafts 
were deployed with the distal landing zone 
immediately proximal to the renal arteries. 
Emergence from anesthesia was expedi-
ted with extubation and confirmation of 
normal neurologic status in the operating 
room. The patient was then transferred 
to the Cardiovascular Intensive Care Unit 
(CVICU) and managed with our institu-
tion’s standardized protocol as summarized 
below. On the first post-operative day (POD 
1) the patient experienced sudden loss of 
function in his lower extremities with 1-2/5 
motor power at a spinal level below L1. At 
this time MAP was 85 mmHg, central ve-
nous pressure (CVP) was 9 mmHg, and 
oxygen saturation was 98%. The attending 
intensivist and CV surgeon were immedia-

tely notified. The CSF drain was lowered 
to 10 cmH20 and 14 mL drained, MAP 
was increased to 110 mmHg with norepi-
nephrine, a bolus of 1000 mL of Lactated 
Ringers was given, and red cells transfused 
to achieve a hemoglobin of >10 g/dL. Com-
plete neurologic resolution was obtained 58 
minutes after onset of symptoms. 
The following day the CSF drain was retur-
ned to 15 cmH2O and the MAP was redu-
ced in a stepwise fashion. Once the MAP 
decreased to 85-90 mmHg (with a CVP of 
10 mmHg) a the patient’s neurologic deficits 
returned to a lesser extent but were elimina-
ted solely by raising the MAP back to 95-100 
mmHg with norepinephrine where it re-
mained for the next 2 days with decreasing 
levels of pharmacologic support. By POD 4 
the patient was maintaining an unsuppor-
ted MAP of 90 mmHg and had no further 
neurologic events. Given that no CSF had 
drained in the previous 36 hours the deci-
sion was made to remove the patient’s drain 
following administration of fresh frozen 
plasma to correct an International Norma-
lized Ratio (INR) of 1.5. Unfortunately the 
patient suffered transfusion related anaphy-
lactic shock dropping his MAP to 40 mmHg 
and return of his lower extremity paraly-
sis. The patient was emergently intubated, 
epinephrine infusion started, bolused over 
3000 mL of Lactated Ringers and 20 mL of 
CSF drained. Fortunately the patient had 
full neurologic recovery within 35 minutes 
and suffered no further events as all phar-
macologic support and CSF drain were di-
scontinued the next day. 
While in hospital oral antihypertensive 
agents were introduced cautiously at low 
doses to maintain MAP at 85-90 mmHg. At 
6 month follow-up, a CT scan demonstra-
ted a well-positioned stent graft (Figure 2). 
The patient was active, his blood pressure 
was stable at his discharge values, and he 
had experienced no recurrence of any lo-
wer extremity weakness. 

Figure 1 - Pre-operative thoracoabdominal con-
trast enhanced computed tomography scan (com-
puter 3D rendered) demonstrating oxbow shaped 
anuerysm extending from T8 to L2.



184

J.J. Appoo, et al.

HSR Proceedings in Intensive Care and Cardiovascular Anesthesia 2012, Vol. 4

DISCuSSIOn

Paraplegia due to spinal cord ischemia 
is a devastating complication of thoraco-
abdominal aortic surgery (1, 2). Rates of 
neurologic deficits following open surgery 
are between 5% and 16% while those fol-
lowing TEVAR appear to be lower, betwe-

Figure 2 - Post-op 3D-computed tomography scan 
image illustrating good stent graft coverage & patent 
visceral bypass grafts from left iliac artery.

en 2.5% and 7% (2-6). Previously identi-
fied risk factors for paraplegia following 
TEVAR, which include prior abdominal 
aortic surgery, increased stent graft length, 
coverage of the lower thoracic aorta (below 
T6), left subclavian arterial coverage, trau-
ma to the internal iliac artery, perioperative 
hypotension, female gender and combined 
hybrid vs. staged procedure(1, 3, 5). Ma-
gnetic resonance angiography (MRA) may 
also aid in detecting higher risk patients 
with a poor collateral network (7).
Our patient had several risk factors for 
SCI: previous interventions to the abdomi-
nal aorta and left iliac artery as well as ex-
tensive graft coverage, including below T6 
spinal level. This case report illustrates the 
precarious nature of spinal cord perfusion 
following surgery on the thoracic aorta, 
especially in high risk individuals. It also 
emphasizes the importance of optimizing 
the determinants of spinal cord perfusion 
and oxygen delivery to prevent or reverse 
neurologic deficits. These include MAP 
augmentation with pharmacologic agents, 
CSF drainage, fluid administration, and 
avoidance of high CVP, anemia, or hypoxia 
(4, 8-10). In our case the augmentation of 
MAP was primary in reversing all 3 episo-
des of SCI, highlighting its significant con-
tribution to spinal cord blood flow. Finally, 
the importance of vigilant monitoring and 
effective multidisciplinary communication 
in detecting SCI and initiating therapies 
promptly cannot be overlooked. 
The exclusion of the use of pre-operative 
MRA or intra-operative neurophysiologic 
monitoring could be seen as limitations to 
our management. Intra-operative evoked 
potential monitoring has shown promise in 
several studies (4, 11, 12). Unfortunately 
this was unavailable at our institution, the-
refore our strategy was to maintain SCPP at 
70-80 mmHg following stent graft deploy-
ment and minimizing any delays to emer-
gence from anesthesia. Given that our pa-
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tient was being treated as high risk for SCI 
and that the territory of stent graft coverage 
was determined by the aneurysm, we felt 
that MRA would not provide any new in-
formation that would alter management. 
Allowing MAP to be sequentially decre-
ased from 110 mmHg towards 90 mmHg 
following the first episode of SCI could be 
questioned. There is evidence that the per-
centage of mean arterial pressure that is 
transmitted to the collateral network incre-
ases linearly beginning 24 hours after ra-
dicular artery sacrifice (13). Furthermore, 
since artificial augmentation to a high MAP 
can be detrimental, for example resulting 
in myocardial or bowel ischemia, we felt 
it was reasonable and safe to begin wea-
ning towards a goal of 90 mmHg after the 
patient had been neurologically stable for 
several hours. 
A final point of debate would be the deci-
sion to transfuse our patient with fresh fro-
zen plasma to correct his INR of 1.5 prior 
to removing the CSF drain. Currently there 
are no evidence based guidelines for mana-
gement of coagulopathy in patients with 
CSF drains. The current American Society 
of Regional Anesthesia and Pain Medici-
ne guidelines would suggest removing an 
indwelling catheter only if the INR is less 
than 1.5 (14). 
However these guidelines are based on 
the pharmacodynamics of Coumadin and 
case reports which generally involve spinal 
techniques. It is arguable whether these 
same principles can be safely applied to the 
aortic surgery population. INR’s are eleva-
ted secondary to medical illness or dilutio-
nal coagulopathy, there may be co-existing 
coagulation abnormalities such as platelet 
dysfunction, and large intrathecal catheters 
are in place. Clearly attempting to correct 
coagulopathy has its own inherent risks, 
therefore clinicians must weigh the risks 
and benefits carefully in each case.
Based on existing literature and our local 

experience (including this case) our insti-
tution’s current strategy for TEVAR inclu-
des (2, 4, 8-10):
- CSF drain insertion preoperatively for 

all patients considered to be high risk, 
though medical teams need to be aware 
that CSF drains may be associated with 
complications such as prolonged CSF 
leak, catheter fracture, infection, neura-
xial hematoma and intracranial hemor-
rhage (15).

- Intra-operatively: CSF drain set at 10 
cmH2O, maximum drainage of 10 cc/
hr and MAP>90 mmHg (or SCPP >70 
mmHg if drain transduced).

- Fast-track anesthesia with expedited 
emergence and early neurologic asses-
sment.

- Admission to Cardiovascular Intensi-
ve Care Unit (CVICU) with one-to-one 
nursing care and hourly neurologic as-
sessments. 

- Post-operatively if neurologically intact: 
CSF drain is set at 15 cmH2O and MAP 
maintained at 90 mmHg for 48 hours. 
CSF drain capped on POD # 1 (Post ope-
rative day number 1) and left in situ for 
24 hours prior to removal.

- Post-operatively if neurologically com-
promised: Intensivists, CV surgeon and 
CV anesthesiologist informed immedia-
tely. CSF drain is set at 10 cmH2O, cor-
rection of hypoxia and anemia, volume 
expansion (unless CVP elevated) and 
MAP pharmacologically augmented un-
til neurologic status improves.

- Refractory neurologic deficit despite 
above interventions: further investiga-
tions (CT head, Computed Tomography 
Angiography, Magnetic Resonance Ima-
ging, Electromyography, etc) and neuro-
logy consultation if appropriate.

- CSF drainage limited to 10 cc/hr at all 
times to minimize the risk of subdural 
hematoma. Rate may be increased tem-
porarily if SCI refractory to all therapies 



186

J.J. Appoo, et al.

HSR Proceedings in Intensive Care and Cardiovascular Anesthesia 2012, Vol. 4

Aortic Aneurysm Repair (EUROSTAR) Registry. J Vasc 
Surgery 2007; 46: 1103-11.

6. Greenberg RK, Lu Q, Roselli EE, et al. Contemporary 
analysis of descending thoracic and thoracoabdominal 
aneurysm repair: a comparison of endovascular and open 
techniques. Circulation 2008; 118: 808-17.

7. Backes WH, Nijenhuis RJ, Mess WH, et al. Magnetic res-
onance angiography of collateral blood supply to spinal 
cord in thoracic and thoracoabdominal aortic aneurysm 
patients. J Vasc Surg 2008; 48: 261-71.

8. Hnath JC, Mehta M, Taggert JB, et al. Strategies to im-
prove spinal cord ischemia in endovascular thoracic aor-
tic repair: Outcomes of a prospective cerebrospinal fluid 
drainage protocol. J Vasc Surgery 2008; 48: 836-40.

9. Weigang E, Hartert M, Siegenthaler MP, et al. Periopera-
tive Management to Improve Neurologic Outcome in Tho-
racic or Thoracoabdominal Aortic Stent-Grafting. Ann 
Thorac Surg 2006; 82: 1679-87.

10. Chiesa R, Melissano G, Bertoglio L, et al. The Risk of Spi-
nal Cord Ischemia during Thoracic Aorta Endografting. 
Acta Chir Belg 2008; 108: 492-502.

11. Guerit JM, Witdoeckt C, Verhelst R, et al. Sensitiv-
ity, Specificity, and Surgical Impact of Somatosensory 
Evoked Potentials in Descending Aorta Surgery. Ann 
Thorac Surg 1999; 67: 1943-6.

12. Jacobs MJ, Elenbaas TW, Schurink GW, et al. Assess-
ment of spinal cord integrity during thoracoabdominal 
aortic aneurysm repair. Ann Thorac Surg 2002; 74: 
S1864-6.

13. Etz CD, Zoli S, Bischoff MS, et al. Measuring the collat-
eral network pressure to minimize paraplegia risk in tho-
racoabdominal aneurysm resection. J Thorac Cardiovasc 
Surg 2010; 140: 125-30.

14. Horlocker TT, Wedel DJ, Benzon H, et al. Regional an-
esthesia in the anticoagulated patient: defining the risks 
(The Second ASRA Consensus Conference on Neuraxial 
Anesthesia and Anticoagulation). Reg Anesth Pain Med 
2003; 28: 172-97.

15. Fedorow CA, Moon MC, Mutch WA, Grocott HP. Lumbar 
cerebrospinal fluid drainage for thoracoabdominal aortic 
surgery: rationale and practical considerations for man-
agement. Anesth Analg 2010; 111: 46-58.

and alternative causes for neurologic de-
ficit are eliminated.

Our knowledge of the pathophysiology, de-
tection and treatment of SCI is constantly 
evolving. This case of multiple episodes 
of reversible paraplegia highlights the im-
portance of vigilant clinical assessments, 
efficient multidisciplinary teamwork, and 
maintenance of the determinants of spinal 
cord perfusion following endovascular tho-
racic aortic intervention. 
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