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Par aplegia and Par aparessafter Descending Thoracic
AorticAneurysm Repair: A Risk Factor Analysis

Takashi Yamauchi, MD, Hiroshi Takano, MD, PhD, Motonobu Nishimura, MD, PhD,
Goro Matsumiya, MD, PhD, and Yoshiki Sawa, MD, PhD

Background: Therisk factorsof paraplegia and paraparesis (P/P) after surgical repair of de-
scending thoracic aortic aneurysm (TAA) are controversial.

Patientsand Methods. Seventy five patientsunderwent surgical repair of descending TAA from
2001 through 2002. Themean agewas 64.2+5.2 yearsold (range; 26-81) and 58 patients(77.3%)
aremale. Therewere 47 patients (62.7%) with nondissecting aortic aneurysm and 28 patients
(37.3%) with chronic dissecting aortic aneurysm. Emer gent operation was performed in 13
cases (17.3%). Retrospective analysisbased on data of these 75 patientswas performed to deter-
minetherisk factorsof P/P.

Results: 30-days hospital mortality was 2.7%. The overall incidence of P/P was 12.0% (9/75)
overall (immediate paraplegia; 4 (5.3%), delayed paraplegia; 1 (1.3%), immediate par apar esis,
3(4.0%), delayed paraparesis; 1 (1.3%)). Logistic regression analysis revealed that predictive
factors of the development of P/P were; casesin which the distal part (below Th9) of the de-
scending thoracic aorta wasincluded in the extent of graft replacement (P=0.020; oddsratio
(OR), 7.981) and nondissecting aneurysm (P=0.029; OR, 12.109).

Conclusion: Therewasan increased risk of P/P after descending TAA repair in casesin which
the extent of graft replacement included below the Th9 or in cases with nondissecting aortic
aneurysm. (Ann Thorac Cardiovasc Surg 2006; 12: 179-83)
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Introduction

Paraplegiaand paraparesis (P/P) resulting from spinal cord
ischemic damage remains the most devastating compli-
cation after descending thoracic and thoracoabdominal
aortic aneurysm (TAAA) repair. Recent recommendations
regarding such aneurysm management have emphasized
individualized treatment based on balancing a patient’s
calculated risk of postoperative death or P/PY However,
the risk factors of P/P after descending thoracic aortic
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aneurysm (TAA) and TAAA repair are still controver-
sial.? The purpose of this study was to determine which
perioperative factors currently predict P/P after repair of
descending TAA.

Patients and M ethods

Between January, 2001, and December, 2002, 75 patients
with descending TAA were surgically treated in Osaka
University Hospital and its 11 associated hospitals. Pa-
tients' age ranged from 26 to 81 years (mean 64.2+5.2
years). Fifty eight patients (77.3%) were male. The type
of aneurysm consisted of chronic dissecting aneurysm
(n=28, 37.3%) and nondissecting aneurysm (n=47,
62.7%). Acute dissecting aneurysm, defined as having
been operated on within 14 days of onset, was not present
in this series. In order to classify the extent of graft re-
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placement performed, the descending thoracic aorta was
divided into three parts. The proximal part ranges from
thejust distal of the left subclavian artery to Th6, medial
part from Th7 to Th8 and distal part below Th9 to dia-
phragm level. The extent of graft replacement was classi-
fied into 6 types (Fig. 1); the whole type (type |; 28 pa-
tients), the proximal and media part (typeI1; 19 patients),
the medial and distal part (typelll; 7 patients), the proxi-
mal part (type IV: 9 patients), the medial part (typeV: 4
patients) and distal part (type VI: 8 patients) (Table 1).
Emergent operation was performed in 13 cases (17.3%).

Regarding spinal cord protection, reattachment of
patent segmental intercostal and lumbar arteries in the
T9to L1 region was performed whenever possible. Inter-
costal arteriesin the region from T4 to T8 were ligated.
Cerebrospina fluid drainage, intravenous naloxone, and
somatosensory or motor evoked potential monitoring were
not routinely used but used based on surgeon’s prefer-
ence or patient’s general condition. In all patients, intra-
venous heparin (300 U/kg) was administered before aor-
tic clamping. Femorofemoral partia bypass (FFB) or to-
tal cardiopulmonary bypass (CPB) was selectively used
in 74 patients (98.7%). Neither FFB or CPB were ap-
plied in one patient (1.3%) due to complete obstruction
of the infrarenal aorta. All patients underwent graft re-
placement.
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Fig. 1. The classification of the extent of
graft replacement.
The descending thoracic aorta was di-
vided into three parts. The proximal part
ranges from the distal part of the left sub-
clavian artery to Th6, the medial part from
Th7 to Th8 and the distal part below Th9
to diaphragm level. The extent of graft
replacement was classified into 6 types;
the whole type (type 1), the proximal and
medial part (typell), the media and dis-
tal part (type 1), the proximal part (type
1V), the medial part (type V) and the dis-
tal part (typeV1).

All patients received careful preoperative neurologi-
cal examinations with documentation of lower extremity
motor function. Formal evaluation by a neurologist was
obtained in al patientsin whom any neurological deficit
was identified. P/P included both immediate and delayed
deficits. Unilateral deficits, unless associated with an ip-
silateral upper limb deficit (i.e., stroke), werea so included
in the P/P group.

The followings 9 parameters were examined as pos-
siblerisk factors affecting the development of P/P: 1) age
(years) 70> or 700; 2) gender; 3) the extent of graft re-
placement including distal part (typel, Ill, 1V); 4) in-
cluding more than 2 segments (type |, 11, I11); 5) dissect-
ing or nondissecting aneurysm; 6) emergent operation;
7) application of spinal drainage; 8) intercostal reconstruc-
tion and 9) segmental repair.

Statistical analysis

Statistical analysis was done on the SPSS, version 11.0J
(SPSSInc., Chicaco, IL, USA). Datafor groups were sum-
marized as mean= SD or as a percent. Difference between
groups was tested for statistical significance with an un-
paired t test or Chi-square test. The predictive factors af-
fecting the development of P/P were determined by back-
ward stepwise logistic regression analysis. A P value less
than 0.05 was considered significant.
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Results

Paraplegia and Paraparesis after Descending Thoracic Aortic Aneurysm Repair: A Risk Factor Analysis

Table 1. Incidence of paraplegia and paraparesis (P/P) after repair of the descending thoracic aorta

PIP

Extent No. of patients ~ Paraplegia Paraparesis Total

I 28(37.3%)  4(14.3%) 1( 3.6%) 5 (17.9%)
0 19(253%) O 1( 5.3%) 1( 5.3%)
" 7(93%) O 0 0

v 9(12.0%)  1(11.1%) 0 1(11.1%)
\Y 4(53% O 0 0

VI 8(10.7%) O 2 (25.0%) 2 (25.0%)
Total 75 5( 6.7%) 4( 5.3%) 9 (12.0%)

Table 2. Univariate and multivariate analysisfor paraplegia and paraparesis (P/P) in all 75 patients

n P/P (%) Univariate Multivariate OR
Preoperative factors
0 Age (years)
0 O 700 age 38 15.7 P=0.4799
0 0 70>age 37 8.1
O Gender
00 Male 57 14.0 P=0.6779
0 0 Female 18 55
O The extent of graft replacement
O including distal part (below T9)
00O Yes 40 17.5 P=0.1708 P=0.020 7.981
0O No 33 6.1
O Extent (more than 2 segments)
O O Yes (typel, I1, I11) 24 25.0 P=0.0513
0O O No (typelV, V, VI) 49 6.1
O Non dissecting
00O Yes 47 19.1 P=0.0223 P=0.029 12.109
0O No 28 0.0
0 Urgency
0 O No emergency 62 12.9 P=0.9501
0 O Emergency 13 7.6
Intraoperative factors
0 Spina drainage
OO Yes 20 5.0 P=0.4299
0 O No 55 145
O Intercoastal reconstruction
00 Yes 10 0.0 P=0.5981
0O No 65 13.8
O Segmental repair
00 VYes 8 0.0 P=0.5911
0 O No 67 134
OR, odds ratio.

The overdl 30-day mortdlity and in-hospital mortdity rate
was 2.7% (2/75 patients) and 8.0% (6/75 patients), respec-
tively. The overall incidence of P/P was 12.0% (9/75 pa-
tients) with paraplegia, 5 of 75 (6.7%; immediate 4, de-
layed 1) and paraparesis, 4 of 75 (5.3%; immediate 3, de-
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layed 1). P/P occurred only in patients with nondissecting
aneurysm. The incidence of P/P by aneurysm extent was
5 out of 28 (17.9%) intype |, 1 out of 19 (5.3%) in type
I1, 1 out of 9 (11.1%) intype IV and 2 out of 8 (25%) in
type VI (Table 1). On univariate analysis between P/P
and no P/P group, nondissecting aneurysm (P=0.022) were
significant preoperative variables (Table 2). On multivari-
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ate analysis, nondissecting (P=0.029; odds ratio (OR),
12.109) or the case in which the extent of the graft re-
placement included the distal part (below Th9) were aso
preoperative predictive factors of spinal cord dysfunction
(Table 2).

Discussion

P/P after operation on the thoracic aortais a disastrous
and unpredictable complication. The reported prevalence
of paraplegiaranges from 2.3% to 23% in operations on
the thoracic aorta.® Because of high morbidity and mor-
tality regarding the management of such an aneurysm,
recent recommendations have emphasized individualized
treatment based on balancing a patient’s cal culated risk
of postoperative death or paraplegia.? Asfor paraplegia,
various methods of spinal cord protection have been sug-
gested,®® including temporary shunts, partial bypass, cere-
brospinal fluid drainage and systemic or regiona hypo-
thermia. However, the application of each adjunct has been
somewhat unclear. Therefore it is necessary to clear the
risk factors in each kind of aneurysm. With regard to
TAAA, Coselli et al. reported that extent |1 and diabetes
were risk factors of development of P/P? However, there
have been few reports regarding the risk factors of P/P
after TAA repair.*9

The present study demonstrated that the incidence of
P/P after chronic nondissecting descending TAA repair
was significantly higher compared to that after chronic
dissecting aneurysm repair (P=0.022) on a Chi-sguare test
and nondissecting descending TAA was a significant risk
factor of the development of P/P on multivariate analy-
sis. The information of the relationship between a non-
dissecting aneurysm and P/P after descending TAA re-
pair islimited. In contrast, the relationship between dis-
section and P/P after TAAA repair has been well discussed
in the literature. In the 1994 report on Crawford’'s TAAA
experience by Svensson et al.,'? dissection was associ-
ated with P/Pin the 1,509 patients on univariate analysis
only. On the other hand, Cox et a.*» found no difference
inareview of 129 patients with TAAA repairs performed
between 1966 and 1991. In the 1997 report on Coselli’s
TAAA experience after thoracoabdominal aortic aneu-
rysm repair in 660 patients, the risk of P/Pwas 5.5% (27/
493) for those without dissection and 5.0% (8/159) for
those with dissection (P=not significant).® They also re-
ported the risk of P/P for acute versus chronic dissection
was 19% versus 2.9% (P=0.011), respectively and chronic
dissection does not increase the risk of postoperative P/P,
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Without univariate and multivariate analysis performed, the
incidence of P/P for those with chronic dissection tendsto
be lower than those without dissection (2.9% versus 5.5%).
Patients with a chronic nondissecting aneurysm gener-
ally tend to have more mural atherosclerotic debris.*#4
This fact has several characteristics that contribute to a
higher risk of P/P for patients with a nondissecting de-
scending TAA. First, with much debris present in the aortic
lumen, from which the intercostal arteries generally arise,
therisk of embolization into these vesselsis more likely.
Second, in nondissecting TAA, aortic mural atheroscle-
rotic disease often results in chronic stenosis or occlu-
sion of many intercostal arteries. This fact makes spinal
cord arterial circulation dependent on more tenuous col-
lateral circulation.™® Therefore, although spinal cord is-
chemic time usually ends when the clamp is placed distal
to patent reattached intercostal arteries, spinal cord is-
chemia continues until distal blood flow is reestablished
in patients in whom the blood supply is dependent on
distal collateral blood flow.

This present study classified the extent of graft replace-
ment in six types in order to examine the relationship
between the location and the extent of graft replacement
and the development of P/P. Repair of descending TAA
including the distal part (below Th9) increases postop-
erative P/P on multivariate analysis. This result might be
affected by the fact that around 70% of the critical middle
thoracic spinal cord feeding artery (Adamkiewicz artery)
arises from the Th9 to Th12.1519)

The present study has several important limitations.
The total amount of cases was relatively small and the
present series was analyzed retrospectively. Because of
the multi center study, the operative procedure and spina
cord protection were dependent on each institute prefer-
ence. Though spinal cord protection such as spinal drain-
age, intercostal reattachment and segmental reattachment
have been considered to lower the rate of the develop-
ment of P/R, few prospective and randomized clinical stud-
ies have been performed and the efficacy of such adjuncts
istill controversial.*1® The present study could not dem-
onstrate the significantly effective spinal cord protection,
which might be due to these limitations. Further prospec-
tive and randomized clinical studies are necessary to de-
termine more credible predictive factors of development
of P/P and significantly effective spinal cord protection
after surgical repair of the descending TAA.

The present study revealed that the case in which the
extent of graft replacement included distal part (below
Th9) of the descending thoracic aorta or nondissecting
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aneurysm were predictive factors of the devel opment of
P/P after surgical repair of the descending TAA. On re-
pair of such atype of aneurysm, more aggressive appli-
cation of spinal cord protection such as spinal drainage
or epidural cooling® might be proposed because of its
potential high risk of development of P/P.
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