Observations on delayed neurologic
deficit after thoracoabdominal aortic
aneurysm repair
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Purpose: To describe the phenomenon of delayed-onset neurologic deficit after thoraco-
abdominal aortic aneurysm repair and to discuss management of this type of deficit in a
case series.

Methods: Since September 1992 we have used cerebrospinal fluid drainage and distal
aortic perfusion routinely to reduce the risk of neurologic deficit in thoracoabdominal
aortic aneurysm patients. All patent intercostal arteries were reattached when this was
technically feasible. Delayed neurologic complications occurred in eight patients who
underwent operation for thoracoabdominal aortic aneurysm between September 1992
and March 1997, between 1 and 14 days after awakening from anesthesia. All patients
had immediate cerebrospinal fluid drainage on recognition of their symptoms.

Results: Patients were evaluated by an independent neurologist and were classified by a
modified Tarlov score between 0 and 5. All eight patients improved at least two points by
discharge. The mean change in Tarlov score from onset to discharge was 2.4 = 1.1 (p =
0.008).

Conclusions: Cerebrospinal fluid drainage significantly improved late-onset neurologic
deficit that occurred between 1 day and 2 weeks after operation in our series. Immediate
drainage should be considered when signs of neurologic deficit first begin to appear.

(J Vasc Surg 1997;26:616-22.)

The phenomenon of delayed neurologic deficit
after thoracoabdominal aortic aneurysm repair was
first documented fairly recently.! The treatment of
this entity, like the treatment of immediate neuro-
logic deficit, used blood pressure stabilization, ste-
roids, and intensive physical therapy, but these mea-
sures met with limited success. Delayed neurologic
deficit, it was observed at the time, was beyond the
surgeon’s control.l A later randomized prospective
study of intraoperative cerebrospinal fluid drainage
by this same group did little to disprove this state-
ment.?

Combined with distal aortic perfusion, we have
found cerebrospinal fluid drainage to significantly
lower the overall incidence of neurologic deficits,
whether early or delayed.? Since publishing this pro-
spective study, we have combined the traditional
supportive therapies for delayed neurologic deficit
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with the free drainage of cerebrospinal fluid. Delayed
neurologic deficit is generally regarded as a complex
phenomenon, related to arterial blood pressure con-
trol and postoperative bleeding. The rationale for the
use of cerebrospinal fluid drainage after operation is
to decrease spinal cord edema, which may be an
important cause of delayed neurologic deficit. As we
know from experimental and clinical studies, the
effect on the spinal cord of clamping the aorta is
twofold.*” First, spinal artery pressure falls, resulting
in decreased spinal cord perfusion; and second, cere-
brospinal fluid pressure goes up, leading to further
deterioration of blood flow to the spinal cord. Be-
cause the spinal cord is housed in a rigid structure,
we propose that the condition is similar to postoper-
ative brain edema and compartmental syndrome and
that it requires urgent decompression.

There are two anecdotal reports in the literature
that address the phenomenon of delayed neurologic
deficit and reversal using cerebrospinal fluid drain-
age.?? These earlier reports suggest that an adjunct
exists that may have a beneficial impact on delayed
neurologic deficit. We reviewed our experience in
managing patients who had delayed neurologic defi-
cit and examined the impact of cerebrospinal fluid
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Fig. 1. Systolic arterial blood pressure and cerebrospinal fluid pressure tracings for patient #1
in Table 1. Vertical reference line shows when neurologic deficit was first noted. Horizoninl
reference line at 10 mm Hg represents target postoperative cerebrospinal fluid pressure.
Table I. Descriptive statistics
Clamp Intercostal avteries Torlov | Day
Patient Age time
7o. () Sex Thpe Dissection (min) Reartached Ligated Onset Discharge
1 75 F TAAAITI Chronic 32 10-12 None 1]3 5|14
2 63 F TAAAI None 38 10-11 49 0[2 5|7
3 40 F TAAAII Chronic 73 8-12 None 113 317
4 71 M TAAAII Chronic 91 7-12 None 0}3 208
5 35 M TAAAI Chronic 52 12 8-10 211 4113
6 82 M TAAAI None 19 9-12 4-7 0l4 2|8*
7 72 M TAAAI Acute 36 9,11-12 6-8,10 0l4 2|6
8 75 F TAAAT None 29 11-12 None ol14 2126

Patient number corresponds to figure number. Intercostal artery numbers under the headings “reattached” and “ligated” refer to the
intercostal spaces in which the arteries are found. Intercostal arteries not listed were not patent and did not require management. Tarlov |
day for onset and discharge is read as follows: The number to the left of the pipe (|) is Tarlov score. The number to the right of the pipe
is the postoperative day on which the Tarlov was recorded. The left-hand column reports Tarlov scores on the day the deficit was
discovered. The right hand column shows Tarlov scores on the day the patient was discharged.

*This patient returned to normal function (Tarlov score 5) 6 months after discharge after intensive rehabilitation.

drainage combined with supportive therapics on
postoperative neurologic outcome.

MATERIALS AND METHODS

From September 1992 to the present, cerebro-
spinal fluid drainage and distal aortic perfusion have

been used for all of our thoracoabdominal aortic
aneurysm patients. Between September 1992 and
March 1997, delayed neurologic deficit developed in
eight patients after surgery, between 1 and 14 days
after awakening from anesthesia. Descriptive statis-
tics are shown in Table I. Delayed neurologic deficit
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Fig. 2. Systolic arterial blood pressure and cerebrospinal fluid pressure tracings for patient #2
in Table 1. Vertical refevence line shows when neurologic deficit was first noted. Horizonial
reference line at 10 mm Hg represents target postoperative cerebrospinal fluid pressure.

occurred in equal numbers among male and female
patients. The patients’ median age was 71.5 years
(range, 35 to 82 years). Associated diseases were
hypertension in seven patients, pulmonary disease in
two, and renal disease in two. Five patients had type I
thoracoabdominal aortic ancurysms that extended
from just below the left subclavian artery to above
the renal arteries, and three patients had type II
thoracoabdominal aortic aneurysms that extended
from immediately below the left subclavian artery to
below the renal arteries. Five patients had aortic
dissection: two chronic type B, one acute type B, and
two chronic type A. Previous operations were repair
of the ascending aorta and aortic valve, ascending
aortic graft replacement and kidney transplant, ab-
dominal aortic aneurysm repair, and graft replace-
ment of the descending thoracic aorta. Three pa-
tients were symptomatic on presentation.
Technique. The operative technique of thoraco-
abdominal aortic aneurysm repair is described in de-
tail elsewhere.’® Left atrial-to-left femoral bypass

grafting using a BioMedicus pump (BioMedicus,
Minneapolis) and perioperative cerebrospinal fluid
drainage accompanied all operations. A Cordis lum-
bar drain kit (Cordis Corp., Miami, Fla.) was used for
cerebrospinal fluid drainage. The patient was placed
in a lateral position, and a 14-gauge Tuohy needle
was introduced in the intervertebral space between
L3 and L4. The position of the Tuohy needle in the
subarachnoid space was confirmed by free flow of
cerebrospinal fluid from the needle. Pressure was
then recorded and monitored continuously for the
remainder of the procedure, and was drained if it rose
above 10 mm Hg.

Operative data. The median aortic clamp time
was 37 minutes (range, 19 to 91 minutes). The
median pump time was 63 minutes (range, 35 to 113
minutes). The median lowest rectal temperatures for
moderate hypothermia, used for six patients, was
33.8° C (range, 33.2° to 34.7° C). All patent inter-
costal arteries between T7 and T12 were reimplanted
in all patients.



JOURNAL OF VASCULAR SURGERY
Volume 26, Number 4

210

Safietal. 619

200 |-
190
180
170
160
150
140
130
120
110
100
90 |
80 |-
70
60 -
50 |-
a0 -
30
20 |-

Systolic Blood Pressure

Pressure (mmHg)

A AN LS NANA A A

Mg " 4 ]

CSF Pressure

0 10 20 30

ol b bvv b B b bovn s s baa by oo

40

50 60 70 80 90 100

Hours following surgery

Fig. 3. Systolic arterial blood pressure and cerebrospinal fluid pressure tracings for patient #3
in Table 1. Vertical vefevence line shows when neurologic deficit was first noted. Horizontal
vefevence line at 10 mm Hg represents target postoperative cerebrospinal fluid pressure.

Postoperative course. The Tuohy needle re-
mained in position for 3 days after the operation.
Patients were evaluated after the operation by an
independent neurologist. All eight patients were
neurologically intact on awakening, but within 1 to
14 days neurologic deficit developed. The patients
were classified according to the following modified
Tarlov score, ranging between 0 and 5: 0, no mo-
tion; 1, motion without gravity; 2, motion against
gravity; 3, able to stand with assistance; 4, able to
stand and walk with assistance; and 5, normal. A
Tarlov score of 0 to 2 was defined as paraplegia, and a
score from 3 to 4 was defined as paraparesis. Paraple-
gia developed in five patients, who were unable to
move one or both legs (score, 0), and a slightly less
severe deficit developed in three, able to move limbs
only while supported (score, 1).

Of the six patients for whom on-line pressure
data were available, three had acutely unstable blood
pressure episodes (pneumothorax in two, hypoten-
sion as a result of bleeding in one) before onset of the
neurologic deficit. At the onset of symptoms, all had

a rise in cerebrospinal fluid pressure. Figs. 1 through
5 illustrate the cerebrospinal fluid pressure and hours
after surgery at which late neurologic deficit devel-
oped for six patients. Figure numbers correspond to
the patient numbers in Table I. All eight patients
were treated in an identical fashion on recognition of
their symptoms, with immediate cerebrospinal fluid
drainage and no pharmacologic intervention. Cere-
brospinal fluid pressure was checked hourly and fluid
drained freely after discovery of neurologic deficit.
After a 2- to 3-day period of rest, patients gradually
mobilized. When cerebrospinal fluid pressure and
blood pressure were stabilized the catheter was with-
drawn, and at this time patients were placed on a
regimen of intense physical therapy. The postopera-
tive period of drainage was no more than 4 days for
any of these patients. On discharge, patients #1 and
#2 had complete recovery (score, 5), patient #5 near
recovery (score, 4), patient #3 was able to stand with
assistance (score, 3), and three patients (#6, #7, #8)
after complete paralysis were able to move lower
limbs (score, 2). Although recovered to score #2
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Fig. 4. Systolic arterial blood pressure and cerebrospinal fluid pressure tracings for patient #4
in Table 1. Vertical refevence line shows when neurologic deficit was first noted. Horizontal
refevence line at 10 mm Hg represents target postoperative cerebrospinal fluid pressure.

status, patient #4, who had been admitted with
chronic renal failure, died in the hospital 3 months
after surgery from multiple organ system failure. Pa-
tient #6, who was discharged to a physical rehabilita-
tion institution 6 days after surgery, made a complete
recovery (score, 5) within 6 months.

DISCUSSION

The infrequent but ever-dreaded neurologic
complication that occurs as a consequence of thora-
coabdominal aortic aneurysm repair most commonly
becomes evident when the patient awakes, immedi-
ately after surgery. Less often, this sort of complica-
tion will first appear several hours or sometimes days
after surgery. Why the onset is delayed is uncertain.
Steroids, physical therapy, and methods of blood
pressure stabilization have been ineffective in revers-
ing this discouraging outcome. We know of no cases
of spontaneous improvement.

The cight patients described here who experi-
enced delayed neurologic deficit had aneurysms of
the extent considered at highest risk for neurologic
complications; five patients also had aortic dissection.

Intercostal arteries were reattached in all eight pa-
tients. After awakening neurologically intact, cere-
brospinal fluid pressure rose above 10 mm Hg hours
or in some cases days later, and then the deficits
developed.

We suggest that this complication is a result of a
spinal cord compartmental syndrome that may arise
from unstable blood pressure, increased cerebrospi-
nal fluid pressure, or both. When cerebrospinal fluid
pressure exceeds spinal arterial pressure, spinal perfu-
sion may be reduced, leading to neurologic deficit.
Possibly, edema set into motion by the aortic cross-
clamp, but initially held at bay by intercostal artery
reattachment and cerebrospinal fluid drainage (and
distal aortic perfusion), was later aggravated by mul-
tifactorial causes.!! Fig. 6 represents our hypothesis
regarding the etiologic mechanism of late-onset neu-
rologic deficit. Paradoxically, as improved operative
techniques lead to reduction of the rate of immediate
neurologic deficit, the proportion of late-onset cases
may increase.

We know of no reports of neurologic deficit re-
versal using methods other than cerebrospinal fluid
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Fig. 5. Systolic arterial blood pressure and cerebrospinal fluid pressure tracings for patient #5
in Table 1. Vertical reference line shows when neurologic deficit was first noted. Horizontal
reference line at 10 mm Hg represents target postoperative cerebrospinal fluid pressure.
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Fig. 6. A, Normal state. B, Spinal cord edema after surgical low-flow state and compartment-
like syndrome. C, Cerebrospinal fluid drainage and restoration of blood flow.
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drainage. Hollier and associates® reported the resolu-
tion of a single case of delayed paraparesis using
cerebrospinal fluid drainage in 1992. More recently,
two similar episodes were reported by Hill et al.” Of
interest in these two cases, cerebrospinal fluid drain-
age was used only after operation, and there was no
intercostal artery reattachment. Other reports have
speculated on the potential of cerebrospinal fluid
drainage to decompress spinal cord swelling and re-
verse neurologic deficit.12 )

We believe that critical to the success of cerebro-
spinal fluid drainage is the unmitigated flow of cere-
brospinal fluid, as first advocated by Hollier et al.®
and used in our service since 1992.1° Patients who
have a delayed neurologic deficit must be constantly
monitored because of possible sudden increases in
cerebrospinal fluid pressure. In the future, we will
add pressure-sensitive valves to automatically drain
cerebral spinal fluid when the pressure reaches 10
mm Hg. Thus far, perioperative cerebrospinal fluid
drainage combined with intraoperative distal aortic
perfusion has reduced our overall incidence of neu-
rologic complications in patients who underwent re-
pair of type I or type II thoracoabdominal aortic
aneurysm. We recommend judicious management of
blood pressure by avoidance of destabilizing drugs
such as nitroprusside and, given the improved out-
come of these eight patients and the simplicity and
safety of the technique, we recommend the routine
use of cerebrospinal fluid drainage both during sur-
gery and afterward.

Special thanks to our editor, Amy Wirtz Newland.
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